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FOREWORD. 


The death of Sir Jocelyn Thorpe on June 10, 1940, the day of puhlicaiion of 
Volume IV of the Dictionary, not only removed from the Chemical world one of its 
most distinguished members, but also created a vacancy in the Editorship of the 
Dictionary that will not easily be filled. Happily the planning of the work was so fitr 
advanced that the publication of Volume V has presented no insuperable difficulties, 
although, owing to the war activities of some of the contributors, certain subjects which 
normally would have been treated here will appear under modified titles in subsequent 
volumes. 

Gratitude is due to the Publishers not only for giving us priority of publication 
in spite of the difficulties due to war conditions, but also enabling us to issue with 
the volume an abridged interim index, in pamphlet form, to the first five volumes. 
This is a list of cross references occurring under other headings which would have 
appeared as separate entries in these and later volumes had the Dictionary been 
published as a complete work. 

To our Reader, Dr. J. N. Goldsmith, we owe sincere thanks for his continued 
valuable assistance with the proofs and for many useful suggestions. We wish also 
to express our appreciation of the care and skill exhibited by the printers and draughts¬ 
men in the setting up of this volume. 

When, owing to war conditions, the work of the Dictionary could no longer be 
carried on in London it was transferred to the University Chemical Laboratory, 
Cambridge, where a room and library facilities were afforded by the Management 
Committee, to whom grateful acknowledgment is made. 


Cambridge, 
July, 1941. 


M. A. WHITELEY. 
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Bull. Soc. Chim. biol. 

Bull. Soc. Chim. Yougoslav. 
Bull. Soc. FranQ. Min. . 

Bull. Soc. FranQ. Phot. . 

Bull. Soc. Ind. Mulhouse 
Bull. Soc. Sci. Hyg. aliment. 
Bull. U.S. Geol. Survey . 

Canad. Chem . 

Canad. Dairy ds Ice Cream J. 

Canad. J. Res . 

Canada Dept. Mines Puld, . 
Caoutchouc et Gutta-Percha . 

Cellulose-chem . 

Cement and Lime Manuf. . 
Centr. Zucheriud. 

Cereal Chem . 

Chem. Age . 

Chem. and Ind . 

Chem. App . 

Chem. Eng. Min. Rev. . 

Chem. Erie . 

Chem.. Fabr . 

Chem. Ind . 


British Guiana Dopartmoni of Aj^jriculturo, Bulletin. 

British Journal of Experimental Pathology. 

British Journal of Photogra})h y. 

British Journal of Physical McMlicine. 

British Medical Journal. 

British Plastics and Moulded J^roducts Trader. 

Buletinul do Chiraio Pur& si Aplicatil al Sociol&tii Romano de 
Chemie. 

Buletinul Bilunar al Sociot&tii do Fizicil din Romania. 

Bulletin de I’Academio de Medecino de Roumanic. 

Bulletin International de 1’Academic Polonaise des Sciences ot des 
Lettres. 

Academie royale do Belgique—Bulletin de la (^lasse des Sciences. 
Bulletin of the Acade.my of Sciences of the United Provinces of Agra 
and Oudh. 

Bulletin do la Section Scientifiquo do 1’Academie Roumaino. 
Bulletin do I’Acad^mio des Sciences do TUnion des Republiques 
Sovietiques Socialistes. 

Bulletin of the Agricultural Chemical Society of Japan. 

Bulletin of tho American Ceramic Society. 

Bulletin de rAssociation des Chimistes de Sucrerie et de Diatillerie. 

Bulletin de Biologic et M<!ideoino experimentale de I’U.R.S.S. 
Bulletin of the Chemical Society of Japan. 

Bulletin of tho Department of Agriculture of Kenya C’olony. 
Bulletin of the Department of Agriculture of South Africa. 

Bulletin of Entomological Research. 

Bulletin of tho Forest Experiment Stat ion, Meguro, Tokyo. 

Bulletin of the Imperial Institute. 

Bulletin of the Institution of Mining and Met allurgy. 

Bulletin of tho Institute of Physical and C/lumiii^al lii'seareh, Japan 
(Rikwagaku Kenkyujo Ilio). 

Bulletin de ITnstitut du J^in. 

Bulletin of the Johns Hopkins Hospital. 

Bulletin des Mati6re8 Grasses. 

Bulletin de Photogramm6trie. 

Bulletin of tho Rubber Growers’ Association. 

Bulletin of the School of Mines and Metallurgy, University of 
Missouri, Columbia. 

Bulletin des Sciences pharmacologiques. 

Bulletin of Sericulture and Silk Industry, Japan. 

Bulletin de la Societe chimique de France. 

Bulletin de la Soci6t4 chimique de Belgique. 

Bulletin de la Soci6t6 de Chimio biologiquo. 

Bulletin de la Society Chimique du Royaume de Yougoslavie. 
Bulletin de la Soci6te Fran 9 aise do Mineralogie. 

Bulletin de la Society Fran 9 aise de Photographie et de Cinemato- 
graphio. 

Bulletin de la Soci6t6 IndustrioUe do Mulhouse. 

Bulletin de la Soci6t6 Sciontifique d’Hygi^jne alimentaire. 

Bulletin of the U.S. Geological Survey. 

Canadian Chemistry and Process Industries. 

Canadian Dairy and Ice Cream Journal. 

Canadian Journal of Research. 

Canada Department of Minos Publications. 

Lo Caoutchouc et la Gutta-Percha. 

Cellulose chemie. 

Cement and Lime Manufacture. 

Centralblatt fur die Zuckerindustrie. 

Cereal Chemistry. 

Chemical Age. 

Chemistry and Industry. 

Chemische Apparatur. 

Chemical Engineerinc and Mining Review. 

Chemie der Erde. 

Chemische Fabrik. 

Chemische Industrie. 
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(Jhem. Listy .Chomick6 Listy pro Witlii a Prflmysl. Organ do la “Coska cUemioka 

Spoleanest pro Vedu a PrumyHl,” 

Chem. Met. Kng. . . . Chemical and Metallurgical Engineering. 

Chem. Obzor .Cheinieky Obzor. 

Chem. iVoc. Annual Rep. . Annual Reports on the Progress of Chemistry, issue^i hy the 

Choniical iSociety. 

Chem. Social. Agric. . . (Jluunisation of Socialistic Agriculture (U.S.8.H.). 

Chem. Trade J .(Jhomical "iVade Journal. 

Chem. Weekblad .... Chemisch Weekblad. 

Chem. Zentr .Chemisches Zontralblatt. 

Chem-.-Ztg .(yhemiker-Zeitung. 

Cheshunt Agric. Exp. Sta. 

Ann. Rep .Cheshunt Experimental and Rescareh Station, Annual Report. 

Chim. e UInd .La Chimica e L’Industria. 

Chim. el Ind .Chimio et Industrie. 

Chinese J. Phy.'iics . . . Chinese Journal of Physics. 

Chinese J. Physiol, . . . Chinese Journal of Physiology, Pekin. 

Coal Age .Coal Age. 

Coal Carbonisation . . . Coal Carbonisation. 

Coll. Czech Chem. Comm. . Collection of Czech Chemical Communications. 

Coll. Eng .Colliery Engin(‘,ering. 

Coll. Guard .(Colliery Guardian. 

Collegium .Collegium. 

Colorado Agric. Exp. Sta, 8tate Agricultural College of Colorado, Agricultural Experiment 
Bull. Station, Port Collins, Bulletin. 

Combustion .Combustion. 

Compt. rend .Comptos rendus hebdomadaires des Seances do I’Academio des 

Sciences. 

Compt. rend. Acad. Agric. Comptes rendus hebdomadaires des Seances do I’Academie 
France {fAgriculturo de Eranco, 

Compt. rend. Acad. Sci. 

U.R.S.S .Comptos rendus de 1’Academic des Sciences do I’U.R.S.S. 

Compt. rend. Soc. Biol. . . Comptes rendus des Stances do la Societe de Biologic. 

Compt. rend. Trav. Lab. 

Carlsberg .Comptes rendus des Travaux du Laboratoire Carlsberg. 

Cornell Univ. Agnc. Exp. Cornell University Colh^ge of Agriculture, New York, Agricultural 
Sta. Bull. Experiment Station, Bulletin. 

Current Sci .Current Science. 

Cyprus Agric. J. ... Cyprus Agricultural I)(‘partmcnt, Journal. 

Dairy Ind .Dairy Industry. 

Dansk Tidsskr. Farm. . . Dansk Tidsskrift for Earmaci. 

Delaware Agric. Exp. Sta. University of Delaware, Newark Agricultural Experiment Station, 
Bull. Bulletin. 

Dept. Chem. S. Australia^ 

Bull .Department of (chemistry. South Australia, Bulletins. 

Deut. Apoifi.-Zlg. . , . Deutsche Apotheker-Zeitung {changed from Apotheker-Zoitung in 

lOSi). 

Deut. med. Woch. . . . Deutsche medizinischo Wochonschrift. 

DeuU Zuckerind. . . . Deutsche Zuckerindustrie. 

Dinglers Polytech. J. . . Dinglers Polytechnisches Journal. 

East Mailing Res. Sta.f Ann. 

Repts.^ etc .East Mailing Research Station, Annual Reports, etc. 

Econ. Proc. Roy. Diihl. Soc. Economic Proceedings of the Royal Dublin Society. 

Empire Cotton Growing Rep. 

Exp. Sta .Empire Cotton Growing Reports of the Experimental Station. 

Empire Cotton Growing Rev. Empire Cotton Growing Review. 

Empire J. Exp. Agric. . . Empire Journal of Experimental Agriculture. 

Eng. and Min. J. . . . Engineering and Mining Journal. 

Ergebn. Physiol .Ergebnisse der Physiologie. 

Emdhr. Pflanze .... Ernahrung der Pflanze, Deutsches Kalisyndikat. 

Emdhrung .Die Ernahrung, Deutsche Gesellschaft fiir Emahrungsforschung. 

F.P .French Patent. 

Facts about Suga,r . . . Facts about Sugar. 

Farbe u. Lack .... Farbe und Lack. 

Farben-Chem .Farben-Chemiker. 

Farben-Ztg .Farben-Zeitung. 

Fdrber^Ztg .Deutsche Farber-Zeitung, 

Fermentforach .Fermentforschung. 

Fert. Feeding Stuffs J. . . Fertiliser, Feeding Stuffs and Farm Supplies Journal. 

Feite u. Selfen .... Fette und Seifen. 
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Feuerungstech .Feuerungstechnik. 

Finaka Kem. Medd. . . Finska Komistsamfimdots Mcddolanden (Suomen Keniistiseuran 

Ticdonantoja). 

Florida Agric. Exp, SUi. University of Florida, Oninsvidc Agricultural Experiment Station, 
Bull. Bulletin. 

Food Manuf. .... Food Manufacture. 

Food lies .Food Research, (:!liain])aig?i, Illinois. 

Foundry Trade J. . . . Foundry Trade .Journal. 

Fruit Prod. J .Fniit Products Journal. 

Fuel .Fuel in Science and Practice. 

Fuel Econ .Fuel Economist. 

Fuel Econ. Rev .Fuel Economy Review. 

O.P .German Patent. 

(Jas Agc-Rer .Gas Age-Record. 

Oas Ind .Gas Industry {discontinued 1030). 

Oas J .Gas .Journal. 

Gas Times .Gas Times. 

Gas- u. Wasserjach , . . Gas- und Wasserfach. 

Gazzetta .Gazzetta chimica italiana. 

Geol. Mag .Geological Magazine. 

Georgia Agric. Exp. Sta. 

Bull . Georgia Experiment Station Athens, Geojgia, U.S.A., Bulletin. 

Ges. Abli. Kennt. KoMc . . Gesammelte Abhandlungen ziir Kerintnis der Kohle. 

Glass Jnd .Glass Industry. 

Glashiitte .I)ie Glashiitte. 

Gummi-Zig .Gumrni-Zeitung. 

Hawaii Agric. Exp. Slat. Hawaii Experiment Station Bulletins, Hawaiian Sugar Planters 
Bull. Association, Honolulu. 

flelv. Chim. Acta ... Helvetica (Jiimica Acta. 

Imp. Bur. Soil Sci. Tech. Imperial Bureau of Soil Science, Technical Communications, Har- 

Comm . peiiden. 

Ind. Chem .Industrial Chemist. 

Ind. Eng. Chem. . . . Industrial and Engineering Chemistry. 

Ind Eng. Chem. [Amil.] . Industrial and Enginoewing Chemistry, Analytical Edition. 

Indian J. Agric. Sci. . . Indian .Journal of Agricultural iScionco. 

Indian J. Med. Res. . . Indian Journal of Medical Research. 

Indian J. Physics . . . Indian Journal of Physics. 

Indian J. Vet. Sci. . . . Indian Journal of Veterinary Scicn(u\ 

Indian Lac Res. Inst. Bull. Indian Lac Research Institute Bulletin. 

India-Rubber J .India-Rubber Journal. 

Int. Rev. Agric .International Review of Agriculture. 

Int. Sugar J .International Sugar Journal. 

Iron Age .Iron Age. 

Iron Steel Inst. Carnegie 

Schol. Mem .Iron and Steel Institute, Carnegie Scholarship Memoirs. 

J.C.S .Journal of the Chemical Society. 

J.S.C.I .Journal of the Society of Chemical Industry. 

J. Agric, Chem. Soc. Japan Journal of the Agricultural Chemical Society of Japan. 

J. Agric. Res .Journal of Agricultural Research. 

J. Agric. Sci .Journal of Agricultural Science. 

J. Amer. Ceram. Soc. . . Journal of the American Ceramic Society. 

J. Amer. Chem. Soc. . . Journal of the American Chemical Society. 

J. Amer. Leather Chem. 

Assoc .Journal of the American Leather Chemists’ Association. 

J. Amer. Med. Assoc. . . Journal of the American Medical Association. 

J. Amer. Pharm. Assoc. Journal of the American Pharmaceutical Association. 

J. Amer. Soc. Agron. . . Journal of the American Society of Agronomy. 

J. Amer. Soc. Mech. Eng, . Journal of the American S(>ciety of Mechanical Engineers. 

J. Amer. Water Works Assoc. Journal of the American Water Works Association. 

J. Appl. Chem, U.S.S.R. . Journal of Applied Chemistry, IT.S.S.R. 

J. Appl. Physics . . . Journal of Applied Physios (/omcr^y Fhysics). 

J. Assoc. Off. Agric. Chem. . Journal of the Association of Official Agricultural Chemists. 

J. Austral. Inst. Agric. Sci. Journal of the Australian Institute of Agricultural Science. 

J. Bact .Journal of Bacteriology. 

J. Biochem. Japan . . . Journal of Biochemistry, Japan. 

J. Biol. Chem .Journal of Biological Chemistry. 

J. Brit. Dairy Farmers' 

Assoc .Journal of the British Dairy Farmers’ Association. 

J. Brit. Wood Pres. Assoc. . Journal of the British Wood Preserving Association. 

J. Cellulose Inst. Tokyo. . ' Cellulose Industry, Journal of the Cellulose Institute, Tokyo. 
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J. Chem. Educ .Journal of Chemical Education. 

J. Chem. Eng. China . . Journal of Chemical Engineering, China. 

J. Chem. Jnd. U.S.S.Ii. . Journal of Chemical Industry, U.S.S.R. 

J, Chem. Met. 8oc. S. Africa Journal of the Chemical, Metallurgical, and Mining Society of South 

Africa. 

J. Chem,. Physics . . . Journal of Chemical Physics. 

J. Chem. 8oc. Japan . . Journal of the Chemical Society of Japan. (Nippon Kwagaku 

Kwaishi.) 

J. Chim. phys .Journal de Chimie physique. 

J. Chinese Chem. Soc. . . Journal of the Chinese Chemical Society. 

J. Coll. Agric. Hokkaido . Journal of the College of Agriculture, Hokkaido Imperial University, 

Japan. 

J. Coll. Agric. Tokyo . . Journal of the College of Agriculture, Imperial University of Tokyo, 

Japan. 

J. Coll. Eng. Tokyo . . . Journal of the College of Engineering, Imperial University of 

Tokyo. 

J. Counc. 8ci. Ind. Res. Journal of the Council of Scientific and Industrial Research of 
Australia Australia. 

J. Dairy Res .Journal of Dairy Research. 

J. Dairy 8ci .Journal of Dairy Science. 

J. Dept. Agric. I.F.8. . . Journal of the Department of Agriculture of the Irish Free State. 

J. Dept. Agric. Kyushu . . Journal of the Department of Agriculture, Kyushu Imperial 

University. 

J. Dept. Agric. 8. Australia Journal of the Department of Agricult ure, South Australia. 

./. Dept. Agric. Victoria. . Journal of the Department of Agriculture, Victoria. 

J. Dept. Agric. W. Australia Journal of the Department of Agriculture, Western Australia. 

./. Eccm. Entomol. . . . Journal of Economic Entomology. 

J, Egypt. Med. Assoc. . . Journal of the Egyptian Medical Association. 

J. Electrodep. Tech. 8oc, . Journal of the Electrodepositors’ Technical Society. 

J. Exp. Biol .Journal of Experimental Biology. 

J. Exp. Med .Journal of Experimental Medicine. 

J. Faculty Sci. Tokyo , . Journal of the Faculty of Science, Imperial University of Tokyo. 

J. Franklin Inst. . . . Journal of the Franklin Institute. 

J. Fuel Soc. Japan . . . Journal of the Fuel Society of Japan. 

J. Qen. Chem. U.8.8.R. . Journal of General Chemistry, U.S.S.R. {formerly part of J. Russ. 

Phys. Chem. Soc.). 

J. Gen. Physiol .Journal of General Physiology. 

J. Geol .Journal of Geology. 

J. Geol. Soc. Tokyo . . . Journal of tlie Geological Society of Tokyo. 

J. Hygiene .Journal of Hygiene. 

J. Ind. Hyg .lournal of Industrial Hygiene and Toxicology. 

J. Indian Chem. Soc. . . Journal of the Indian Chemical Society. 

J. Indian Inst. Sci .Journal of the Indian Institute of Science. 

J. Inst. Brew .Journal of the Institute of Browing. 

J. Inst. Fuel .Journal of the Institute of Fuel. 

J. Inst. Metals .... Journal of the Institute of Metals. 

J. Inst. Petroleum Tech. . Journal of the Institution of Petroleum Technologists. 

J. Inst. Seuxige Purif. . . Journal of the Tnstitut-o of Sewage Purification. 

J. Iron and Steel Inst. . . Journal of the Iron and Steel Institute. 

J. Jap. Ceram. Assoc. . . Journal of the Japanese Ceramic Association. 

J. Landw .Journal fiir Landwirtschaft. 

J. Marine Biol. Assoc. . . Journal of the Marino Biological Association of the United Kingdom. 

J. Med. Res .Journal of Medical Research. 

J. Min. Agric .Journal of the Ministry of Agriculture. 

J. Min. Agric. N. Ireland . Journal of the Ministry of Agriculture of Northern Ireland. 

J. New England Water 

Works Assoc .Journal of the Now England Water Works Association. 

J. Nutrition .Journal of Nutrition. 

J. Oil Col. Chem. Assoc. . Journal of the Oil and Colour Chemists’ Association. 

J. Opt. Soc. Amer .Journal of the Optical Society of America, 

J. Org. Chem .Journal of Organic Chemistry. 

J. Path, Bact .Journal of Pathology and Bacteriology. 

J. Pharm. Chim. . . . Journal do Pharmacie et de Chimie. 

J, Pharm. Exp. Ther. . . Journal of Pharmacology and Experimental Therapeutics, 

J. Pharm. Soc, Japan . . Journal of the Pharmaceutical Society of Japan. (Yakugakuzasshi.) 

J. Phys. Chem. U.S.S.R. . Zhurnal Fizioheskoi Khimii { formerly part of the Journal of the 

Russian Physical-Chemistry Society). 

J. Phys. Radium . . , Journal de Physique et Le Radium. 

J. Physical Chem. . . . Journal of Physical Chemistry. 

J. Physiol .Journal of Physiology. 
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J. Physiol. Path. pin. . Journal de Physiologie ot de Fathologie g4n6raJe. 

J. Pomology .Journal of Pomology and Horticultural Science. 

J. pr. Chem .Journal fur praktische Chomie. 

J. Proc. Asiatic Soc. Bengal Journal and Proceedings of the Asiatic Society of Bengal. 

J. Proc. Austral. Chem. Inst. Journal and Proceedings of the Australian Chemical Institute. 

J. Proc. Roy. Soc. New South 

Wales .Journal and Proceedings of the Royal Society of New South Wales. 

J. Res. Nat. Bur. Stand. . Journal of Research of the National Bureau of Standards. 

J. Roy. Agric. Soc. . . . Journal of the Royal Agricultural Society. 

J. Roy. Ilort. Soc. . . . Journal of the Royal Horticultural Society. 

J. Roy. Microscop. Soc. . Journal of the Royal Microscopical Society. 

J. Roy. Soc. W. Australia . Journal of the Royal Society of Western Australia. 

J. Roy. Tech. Coll. . . . Journal of the Royal Technical College (Glasgow). 

J. Rubber Res .Journal of Rubber Research. 

J. Rubber Res. Inst. Malaya Journal of the Rubber Research Institute of Malaya. 

.7. S. African Chem. Inst. . Journal of the South African Chemical Institute. 

J. Sci. Hiroshima Univ. . Journal of Science of the Hiroshima University. 

J. Sci. Instr .Journal of Scientific Instruments. 

J. Sci. Tech. India . . . Journal of Science and Technology, India. 

J. Scot. Met. Soc. . . . Journal of the Scottish Meteorological Society. 

J. Soc. Arts .Journal of the Royal Society of Arts. 

J. Soc. Chem. Ind. Jaj)an . Journal of the Society of Chemical Industry, Japan. (Kog^o 

Kwagaku Zasshi.) 

J. Soc. Dyers and Col. . . Journal of the Society of D 5 ’'ers and Colourists. 

,/. Soc. Class Tech. . . . Journal of the Society of Glass Technology. 

J. Soc. Leather Trades' 

Chem .Jounial of the International Society of Leather Trades’ Chemists. 

J. South-East. Agric. Coll. . Journal of the South-Eastern Agricultural College, Wye, Kent, 

J. State Med .Journal of State Medicine. 

J. Text. Inst .Jounial of the Textile Institute. 

J. Univ. Bombay . . . Journal of the University of Bombay. 

J. Usines Gaz . . . Journal des Usines a Gaz. 

J, Washington Acad. Sci. . Journal of the Washington Academy of Sciences. 

J. West Scotland Iron Steel 

Inst .Journal of the West of Scotland Iron and Steel Institute. 

Jahrb. geol. Reichsanst. . . Jahrbuch der geologischen Reichsanstalt. 

Jahrb. Min. Beil. lid. . . Noues Jahrbuch fiir Mineralogie, Geologic und Palaoontologie; 

Beilago Band. 

Jahrb. Radioalctiv. . . . Jahrbuch der Radioaktivitat und Eloktronik. 

Jahrb. u'iss. Bot. . . , Jahrbuch fiir wissenschaftliche Botanik. 

Jahresber .Jahresberichto fiber die Fortschritte der Chemie und verwandter 

Theile anderer Wissenschaften. 

Japan. J. Med. Sci. . . Japanese Journal of Medical Sciences. 

J a jmn. J. Physics . . . Japanese Journal of Physics. 

Ja2)an Nickel Rev. . . . Japan Nickel Review. 

Kali .Kali, verwandto Salzc und Erdoc*,!. 

Kentucky Agric. Exp. Slat. University of Kentucky Agricultural Exfieriment Station, Lexing- 
Bull. ton. Bulletin. 

Keram. Rundsch. . . . Keramischo Rundschau. 

Klin. Woch .Klinischo Wochenschrift. 

Kolloid-Beih .KoUoid-Beihefto. 

Kolloid. Shurn .KoUoidnyi Zhurnal (Colloid Journal, U.S.S.R.). 

Kolloid-Z .Kolloid-Zeitschrift. 

bait .Lo Lait. 

Lancet .The Lancet. 

Landw. Jahrb .Landwirtschaftliche Jahrbiichor. 

Landw. Versuchs-Stat. . , Hie landwirtschaftlichen VcrsucliH-Stationen. 

London Shellac Res. Bur.y 

Tech. Paper .... London Shellac Research Bureau, Technical Paper. 

Malay. Agric. J. ... Malayan Agricultural Journal, 

Mass. Agric. Exp. Sta. Bull. Massachusetts Agricultural Experiment Station, Bulletin. 

Maierie Blast .Materie Plastiche. 

Medd. K. Vetenskapsakad. 

Nobel-Inst .Meddelanden fran Knngl-Vetonskapsakademiens Nobel Institut. 

Mem. Accad. Lined . . . Memorie deUa Reale Accademia Nazionalo dei Lincei. 

Mem. Accad. Sci. Torino . Memorie della Reale Accademia delle Scienze di 3 orino. 

Mem, Coll. Agric. Kyoto . Memoirs of the College of Agriculture, Kyoto Imperial 

University. 

Mem. Coll. Sci. Kyoto . . Memoirs of the College of Science, Kyoto Imperial University, 

Mem. Dept. Agric. India . Memoirs of theDepartmentofAgricultureinIndia(dt>cow<i7medi^Jt?). 
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Mem, Inst. Chem. Ukrain. Memoirs of tho Institute of Chemistry, Ukrainian Academy of 
Acid. Set. Sciences. 

Mem. Manchester Phil. Soc. Memoirs and Proceedings of the Manchester Literary and Philo¬ 
sophical Society. 

Mim. Poudres .... Memorial des Poudres. 

Mim. Soc. Ing. Civ. France Memoires et Compte rendu des Travaux de la Societe dos Ing^nieurs 

Civils de France. 

Met. cfc Alloys .... Metals and Alloys. 

Met. Clean, and Fin. . . Metal Cleaning and Finishing. 

Metal Ind. {Lond.) . . . Metal Industry. 

Metal Ind. {N.Y.) . . . Metal Industry (New York). 

Metal Progr .Metal Progress. 

Metall u. Erz .... Motall und Erz. 

Metallges. Pev .Metallgosellschaft Periodic Review. 

Metallurgia .Metallurgia. 

Metals Tech .Metals Technology. 

Metrop. Water Bd. Hep. . Metropolitan Water Board Reports. 

Mich. Agric. Exp. Sta. Bull. Michigan State College Agricultural Experiment Station Lansing, 

Bulletin. 

Mikrochern .Mikrochemie. 

Milch. Forsch .Milchwirtschaftliche Forschungon. 

Milch. Zentr .Milchwirtschaftliches Zentralblatt. 

Milk Ind .Milk Industry. 

Milk Plant Month. . . . Milk Plant Monthly. 

Min. Met .Mining and Metallurgy. 

Min. Mag .Minoralogical Magazine and Journal of the Mincralogiisal Society. 

Missouri Agric. Exp. Sta. University of Missouri Agricultural Experiment Station Columbia, 
lies. Bull. Research Bulletin. 

31 i tt. Kohlenforschungsinst. 

Prag .Mitteilungen dos Kohlonforschungsinstituts in Prag. 

Mitt. Lebensm. IJyg. . . Mitteilungen aus dera Gcbiete der Lebensmittelunterauchungeri und 

Hygiene. 

Mitt. MaterialprUf. . . . Mitteilungen aus dem Materialpriifungsamt zu Berlin-1 )alilem. 

Mitt. med. Qes. Tokyo . . Mitteilungen der inedizinischen Gesellschaft zu Tokyo. 

3Iitt. Path. Inst, K. Univ. Mitteilungen aus dom pathologischen Institut der Kais(irlichen 
Japan Universitat zu Sendai, Japan. 

Mitt. Textilforsch. Krcfeld . Mitteilungen der Toxtilforschungsanstalt, Krefeld c.V. 

Monatsh .Monatshefte fur Chemie und verwandt© Teilo anclcrcr Wissen- 

schaften. 

Mofiit. Sci .Moniteur Scientific (from 1927 merged in La Revue de Chimie 

industrielle)* 

Montana Agric. Exp. Sta. Montana Agricultural Experiment Station Bulletin. 

Bull .. . 

Month. J. Inst. Metals . . Monthly Journal of the Institute of Metals. 

Month. Rep. Dept. Agric. N. Monthly Rejmrts of the Department of Agriculture of Northern 
Ireland. Ireland. 

Muhienlab .Das Miihlenlaboratorium. 

Milnch. med. Woch. . . . Munchener medizinischo Wochenschrift. 

Nachr. Qes. IFw.?, Oottingen Nachrichten von dor Gesellschaft der Wissenschaften zu Gottingen. 
Nat. Butter cb Cheese J. . National Butter and Choose Journal. 

Nat. Paint Var. Assoc. Circ. National Paint, Varnish, and Lacquer Association, Inc., Circular. 

Naturwiss .Die Naturwissenschaften. 

Natuurwetensch. Tijds. . . Natuurwetenscliappolijk Tijdschrift. 

New IIamps. Agric. Exp. 

Sta. Bull .New Hampshire Agricultural Experiment Station Bulletin. 

New Jersey Agric. Exp. Sta. Now Jersey, New Brunswick Agricultural Ex|)eriment Station, 

Bull . BuUotin. 

New Phytol .Now Phytologist. 

New York Agr. Expt. Sta. 

Bull .New York State Department of Agriculture, Bulletins. 

New York {Geneva) Agric. 

Exp. Sta. Bull. . . . New York (Geneva) Agricultural Experiment Station, Bulletin. 

New Zealand Dominion 

Baby. Kept .New Zealand Dominion Laboratory Reports. 

New Zeala^ J. Sci. Tech. . New Zealand Journal of Science and Technology. 

Nova Acta Soc. Sci. . . . Nova Acta Regiao Societatis Scientiarum Upsaliensis. 

Nutr. Abs .Nutrition Abstracts and Reviews. 

Of vers. Finska Vet.-Soc. . Ofveraigt af Finska Vetenskaps-Societetens Fbrhandlingar, 

Helsingfors. 

Oel u. K of tie .Oel und Kolilo. 
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Off, Digest . 

Ohio Agric. Exp. Sia. BuU. 

Oil and Gas J . 

Ohlahoma Agric. Exp. 

Bull . 

0/c, Fetle, Wdchsc . 

Osterr. Chcm.-Zlg. 

Oversigt Danske Vid. Belsk. 

Pacific Pulp and Paper Ind. 
Paint and Var. Prod. Man. 
Paint Manuf. . , . . 

Painty Oily and Chem. Rev, 

Paint Tech . 

Paper Ind . 

Paper-Maker . . , . 

Paper Trade J . 

Papier-Fabr . 

Peint.y Pig.y Ver. 

Perf. df Essent. Oil Rec. 

Petroleum . 

Pfiagers Archiv . . . . 

Pharm. J . 

Pharm. Weekblad 
Pharm. Zeniralh. 

Pharm. Ztg . 

Philippine Agric. 

Philippine J. Ed. 

Phil. Mag . 

Phil. Trans . 

Phot. Ind. ... 

Phot. J . 

Phot. Korr . 

Physica . 

Physical Rev . 

Physics . 

Physikal. Z . 

Physikal, Z. Sovielunion 

Plant Physiol . 

Planta {Z. wiss. Biol.) . 
Plast. Massi . 

Poultry Sci . 

Proc. Acad. Sci. Agra and 
Oudh 

Proc. Amer. Acad. Arts Sci. 
Proc. Amer. Gas Assoc. . 
Proc. Amer. Phil. Soc. . 
Proc. Amer. Physiol. Soc. . 
Proc. Amer. Soc. Biol. Chem. 
Proc. Amer. Soc. Test. Mat. 
Proc. Austral. Inst. Min. 

Met . 

Proc. Camb. Phil. Soc. . 
Proc. Chem. Eng. Group 

Proc. Durham Phil. Soc. 
Proc. Eng. Soc. W. Pa. . 
Proc. Imp. Acad. Tokyo 
Proc. Indian Acad. Sci. 

Proc. Inst. Mech. Eng. . 
Proc. Intemat. Cong. Soil 

Sci . 

Proc. Internal. Soc. Soil 

Sci . 

Proc. K. Akad. Wetensch. 
Amsterdam 

Proc. Leningrad Dept. Inst. 
Pert . 


Official Digest of the Federation of Paint and Varnish Production 
Clubs. 

Ohio Agricultural Experiment Station Bulletin. 

Oil and Gas Journal. 

Oklahoma Agricultural Experiment. Station Bulletin. 

Olo, Fcttc, Wiichso, Soife, Kosmetik. 

Osterreichischo Chemikor-Zeitung. 

Oversigt over det Kongoligo Danske Videnskabernes SeLskabs 
Virksoinhed. 

Pacific Pulp and Paper Industry. 

Paint and Varnish Production Manager. 

Pa i n t M anufac tu re. 

Paint, Oil, and Chemical Review. 

Paint Technology. 

Paper Industry. 

Paper-Maker and British Paper Trade Journal. 

Paper Trade Journal. 

Papier-Fa brikant. 

Peintures, Pigments, Vernis. 

Perfumery and Essential Oil Record. 

Petroleum (Vienna). 

Archiv fur die ge.samte Physiologie de.s Menschen iirid der Tiere. 
Pharmaceutical Journal. 

Pharmacoutisch Weekblad. 

Pharmazeiitische Zentralhallo. 

Pharmazeutische Zoitung. 

Philippine Agriculturist. 

Philippine Journal of Science. 

Philosophical Magazine (The London, Edinburgh, and Dublin). 
Philosophical Tran.sactions of the lioyal Society of T.«ondon. 
Photographisohe Industrie. 

Photographic Journal. 

Photographischo Korres])ondenz. 

Physica. 

Physical Review. 

Physica {now Journal of Applied Physios). 

Physikalische Zeitschrift. 

Physikalische Zeitschrift dor Sovietunion. 

Plant Physiology. 

Planta (Zeitschrift fiir wissenschaftliche Biologic). 

Plastitschekie Massi {in merged in Organic Chemical Industr}^ 
U.S.S.R.). 

Poultry Science Association, U.S.A. 

Proceedings of the Academy of Sciences of the United Provinces of 
Agra and Oudh, India. 

Proceedings of the American Academy of Arts and Sciences. 
Proceedings of the American Gas Association. 

Proceedings of the American Philosophical Society. 

Proceedings of the American Physiological Society. 

Proceedings of the American Society of Biological Chemists. 
Proceedings of the American Society for Testing Materials. 

Proceedings of the Australasian Institute of Mining and Metallurgy. 
Proceedings of the Cambridge Philosophical Society. 

Proceedings of the Chemical Engineering Group of the Society of 
Chemical Industry. 

Proceedings of the University of Durham Philosophical Society. 
Proceedings of the Engineers’ Society of Western Pennsylvania. 
Proceedings of the Imperial Academy, Tokyo. 

Proceedings of the Indian Academy of Sciences. 

Proceedings of the Institution of Mechanical Engineers. 

Proceedings of the International Congress of Soil Science. 

Proceedings of the International Society of Soil Science. 
Koninklijke Akademie van Wetenschappen te Amsterdam. Pro¬ 
ceedings (English version). 

Proceedings of tho Leningrad Departmental Institute of Fertilisers. 
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Proc. Muslim Assoc. . . Proceedings of the Muslim Association for the Advancement of 

Science. 

Proc. Nat. Acad. Sci. . . Proceedings of the National Academy of Sciences. 

Proc. Nova Scotian Inst. Sci. IVoceedings of the Nova Scotian Institute of Science. 

Proc. Phil. Soc. Glasgow . Proceedings of the Glasgow Philosophical So(;ioty. 

Proc. Physical Soc. . . . Proceedings of the Physical Society of London. 

Proc. Physiol. Soc. . . . Proceedings of the Physiological Society. 

Proc. Roy. Inst .Proceedings of the Royal Institution of Great Britain. 

Proc. Roy. Irish Acad. . . Proceedings of the Royal Irish Academy. 

Proc. Roy. Soc .Proceedings of the Royal Society. 

Proc. Roy. Soc. Edin. . . Proceedings of the Royal Society of Edinburgh. 

Proc. Roy. Soc. Med. . . Proceedings of the Rnyal Society of Medicine. 

Proc. Roy. Soc. Queensla7id Proceedings of tlie Royal Society of Queensland. 

Proc. Roy. Soc. Tasmn^iia . Proceedings of the Royal Society of''rasraania. 

Proc.. S. Wales Inst. Eng. , Proceedings of the South Wales Inst itute of Eugiiu'crs. 

Proc. Sci. Assoc., Viziana- Proceedings of the Science Association, Maharajalj’s College, 
gram Vizianagram. 

Proc. Soc. Biol. Chem. India IVoceedinga of the Society of Biological Chemists, India. 

Proc. Tech. Sect. Paper Proceedings of the Technical Section of the l*a])cr Makfus’ Associa- 
Makers' Assoc. tion of Great Britain and Ireland. 

Proc, U.S. Nat. Mas. . . Proceedings of the United States National Museum, 

Przemysl Chem .Przcmysl Chemiezny. 

Puhl. Fac. Sci. Univ. Publications do la Faculte dcs Sconces do ITTniversile Masaryk 
Masaryk (i^pisy vydavane Pfirodovedeckou Fakultou Masarykovy 

University). 

Pulp and Paper Mag. 

Canada .Pulp and Paper Magazine of Canada. 

Quart. J. Exp. Physiol. . . Quarterly Journal of E.xperimental Physiology. 

Quart. J. Oeol. Soc. . . . Quarterly Journal of the Geological Society. 

Quart. J. Med .Quarterly Journal of Medicine. 

Quart. J. Pharm. . . . Quarterly Journal of Pharmacy and Pharmacology. 

Queensland J. Agric. . . Queensland Agricultural Journal. 

Rayon Text. Month. . . Rayon Textile Monthly. 

Rec. Australian Mas, . . Records of the Australian Museum. 

Rec. trav. hot. Nierland. . Recuoil dcs travaux botaniquos N6erlandaisos. 

Rec. trav, chirn .Recueil des travaux chimiquos des Pays-Bas. 

Refiner .Refiner and Natural Gasoline Manufacturer. 

Rend. Accad. Sci. Fis. Mat. Rondiconto dell’ Accademia dello Scienzo Fisicho e Matematiche, 
Napoli Napoli. 

Rend. 1st. Lomh. Sci. Lett. . Rendiconti della Rcale I.stituto Lombardo di Scienzo o Lettere. 
Rensselaer Polyt. Inst. Bull, Rensselaer Polytechnic? Institute Bulletin. 

Rep. Aust. Assoc. Sci. . . Reports of the Australasian Association for the Advancement of 

Science. 

Rep. Brit. Assoc. . . . Reports of the British Association for the Advancement of 

Science. 

Res. Stud. State Coll. Wash¬ 
ington .Research Studies of the State College of Washington. 

Rev. Aluminium . . . Revue de TAluminium. 

Rev. Chim. Ind .Revi.sta dc Chiraica Industrial. 

Rev. Chim. pura appl. . . Rovista de Chimica pura o applicada, Orgao de Sociedade Portu- 

gudsa de Quimica e Flsica. 

Rev. Comb, liq .Revue des Combustibles liquides. 

Rev. Fac. Quim. Ind. Agric. Revista de la Facultad de Quimica Industrial y Agricola. 

Rev. Gin. Mat. Col. . . . Revue Gen6rale dos Matifercs Colorantes. 

Rev. MU .Revue de M6taUurgie. 

Rev. Mod. Physics. . . . Review of Modern Physics, 

Rev. Quim. Farm. . . . Revista de Quimica e Farma(?ia. 

Rev. Sci. Instr .Review of Scientific Instruments. 

Rocz. Chem .Roezniki Chemji organ Polskiego Towarzystwa Chemieznego. 

Rubber Chem. ds Tech. . . Rubber Chemistry and Technology. 

Shorn. Trud. JJkrain. Chim. Sbornik Trudov Ukrainskogo Nautschno-Issledova-Telskogo 
Inst. Odessa Chimitscheskogo Instituta Odessa. 

Sci. Agric .Scientific Agriculture. 

Sci. and Cult .Science and Culture. 

Sci. Ind. R^p* Roure- 

Bertrand Fils .... Scientific and Industrial Reports of Roure-Bertrand Fils. 

Sci. Mem. Univ. Saratov , Scientific Memoirs of the University of Saratov. 

Sci. Papers Inst. Phys. Chem. Scientific Papers of the Institute of Physical and Chemical Research, 
Res. Tokyo Tokyo. 

Sci. Proc. Roy. Dublin Soc. Scientific Proceedings of the Royal Dublin Society. 
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Sci. Quart. Nat. IJniv. Peking 
Sci. Rej). Hiroshima Tech. 

Sch . 

Sci. Rep. Tdhoku 
Sci. Rep. Tsing Hua Univ. 
Sci. Sect. Nat. Painty Var. 
Assoc. Circ. 

Sci. Trans. Roy. Dubl. 
Soc. ...... 

Scot. J. Agric . 

Seifens.-Ztg . 

Sewage Works J. ... 
Sitznngsher. Akad. Wiss. 

Wien . 

Sitzungsber. llcidelberger 

Akad. Wiss . 

Sitzungsber. Preuss. Akad. 
Berlin 

Smithsonian Misc. Coll. 

Soap . 

Soap Trade Rev. 

Soil Res . 

Soil Sci . 

Sprechsaal . 


Stahl u. Risen 
Stain Tech. . 

Staz. sper. agr. ital. 
Steam Eng. 

Sugar Bull. . 
Suomen Kern. 

Svensk Kem. Tidskr. 
Tas’mnnian Agric. J. 
Tech. Mitt. Krupp 
Tech. Publ. Tin Res. 


Counc. 


Tech. Rep. Tdhoku ... 

Tear u. Bitumen .... 

Tekn. Tidsk . 

Textilber . 

Tids. Kjewi . 

Tonind.-Ztg . 

Trans. Amer. Inst. Chem. 

Eng . 

Trans. Amer. Inst. Metals . 
Trans. Amer. Inst. Min. 
Met. Eng. 

Trans. Amer. Soc. Mech. 


Science Quarterly of the National University of Peking. 

Scientific Reports of the Hiroshima Higher Technical School. 
Science Reports, Tohoku Imperial University. 

Science Reports of the National Tsing Hua University. 

Scientific Section, National Paint, V''arnish, and Lacquer Association, 
Inc., Circulars. 

Scientific Transactions of the Royal Dublin Society. 

Scottish Journal of Agriculture. 

Seifensieder-Zeitung. 

Sewage Works Journal. 

Sitzungsberichte der Akadomie der Wissenschaften in Wien. 

Sitzungsborichte der Heidelbergcr Akademie der Wissenschaften. 
Sitzungsberichte der Preussischen Akademie der Wissenschaften zu 
Berlin. 

Smithsonian Miscellaneous Collections. 

Soap. 

Soa{), Perfumery and Cosmetics. 

I Soil Research. 

I Soil Science. 

Sprechsaal fiir Kerarnik-Glas-Eniail. Each- iind VVirtschaftsblatt fiir 
die Silikat-lndustrien. 

Stahl und Risen. 

Stain Technology. 

Stazioni sperimentali agrarie italiane (discontinued PJ'J6). 

Steam Engineer. 

Sugar Bulletin. 

Suomen Kemistilehti (foiiuerhj until 1935 Acta Chemica Fennica), 
Svcnsk Kemisk Tidskrift. 

Tasmanian Journal of AgricuKun'. 

Technische Mitteihingen Krupp. 

Technical Publications of the International Tin Research and 
Development Council. 

Technology Reports of the Tohoku Impeiial University, Sendai, 
Japan. 

Teer und Bitumen. 

Teknisk Tidskrift. 

Melliand’s Textilbcrichte. 

Tidsskrift for Kjemi og Bergvcsen, Oslo. 

Tonindustrie-Zeitung. 

Transactions of the American Institute of Chemical Engineers. 
Transactions of the American Instit ution of Metals. 

Transactions of the American Institute of Mining and Metallurgical 
Engineers. 


Eng . 

Trans. Amer. Soc. Met. 
Trans. Canad. Inst. Mining 
Met. 

Trans. Ceram. Soc. . 

Trans. Electrochem. Soc. 
Trans. Faraday Soc. 

Trans. Inst. Min. Eng. . 
Trans. Inst. Min. Met. . 
Trans. Inst. Blast. Ind. . 
Trans. Inst. Rubber Ind. 
Trans. N. Eng. Inst. Min. 
Mech. Eng. 

Trans. New Zealand hist. . 

Trans. Nova Scotian Inst. 

Sci . 

Trans. Roy. Irish Acad. 
Trans. Roy. Soc. Canada . 
Trans. Roy. Soc. Edin. . 
Trans. Roy. Soc. S. Africa . 


Transactions of the American Society of Mechanical Engineers. 
Transactions of the American Society of Metals. 

Transactions of the Canadian Institute of Mining and Metal- 
lurgy. 

Transactions of the Ceramic Society. 

Transactions of the Electrochemical Society. 

Transactions of the Faraday Society. 

Transactions of the Institution of Mining Engineers. 

Transactions of the Institution of Mining and Metallurgy. 
Transactions of the Institute of the Plastics Industry. 

Transactions of the Institution of the Rubber Industry. 
Transactions of the North of England Institute of Mining and 
Mechanical Engineers. 

Transactions of the New Zealand Institute (since PJ34 Royal Society 
of New Zealand). 

Transactions of the Nova Scotia Institute of Science. 

Transactions of the Royal Irish Academy. 

Transactions of the Royal Society of Canada. 

Transactions of the Royal Society of Edinburgh. 

Transactions of the Royal Society of South Africa. 
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Tram. Saratov Univ. . . JVarisactions of the Saratov University (Gelelirto Notizen Jer 

Saratover Staats-Universitat). 

Tro'p. Agric .Tropical Agriculturist, Ceylon. 

Trap. Agric. {Trmidad) . . Tropical Agriculture (Trinidad). 

Tsch. Min. Mitt. . . . Mineralogische und Petrographische Mitteilungen (Zeitschrift fur 

Kristallographie, Mineralogie, und Petrographic, Abteilung B). 

U. S. Bur. Mines, Bull., United States Bureau of Mines, Bulletins, Technical Papers, and 
Tech. Papers, and Kept. Reports of Investigations. 

Invest. 

V. B. Bur. Plant Ind. . , United States Bureau of Plantindustry, Ueparimeiit of Agriculture. 

U.S. Dept. Agric. Bull, (or 

Circ.) .United States Department of Agriculture, Bulletins {or (Hrculars). 

U.S. Ilyg. Labor. Bull. . . United States Public Health Stu vice, Hygienic Laboratory Bulletins. 

U.8.P .United States Patent. 

U.S. Puhl. Health Hep. . . United States Public Health Reports. 

Ukrain. Biochem. J. . . Ukrainian Biochemical Journal. 

Ukrain. Chem. J. . . . Ukrainian Chemical Journal. 

Union S. Africa Dept. Agric. 

Bull .Union of South Africa Department of Agriculture, Bulletins. 

Univ. Illinois Bull. . . . University of Illinois Agricultural Experimental Station, Bul¬ 

letin. 

Utah Agric. Coll. Exp. Stat. 

Bull .Utah State Agricultural College Experiment Station, Bulletin. 

Verh. Geol. lieichsanst. Wien Wuhandluiigen der Geologiscla^n Bmidcsanstalt in Wien. 

Verh. Ces. dent. Natarforsch. V\‘rhandlungen der Gosellschaft dcutscher Naturforseher und 
Aerzte Aerzte. 

Vermont Agric. Exp. Sta. University and Stat(* of Vermont Agricultural Experinu'nt Station, 
Bull. Bulletin. 

Verre et Silicates Ind. . . Vorres et Silicates Industriels. 

Vet. J .Veterinary Journal. 

Vet. Bee .Veterinary Record. 

Virginia {Blacksburg) Exp. Virginia Polytechnic Institute, Blacksburg Experiment Station, 

Sta. Bull . Bulletin. 

Welsh J. Agric .Welsh Journal of Agriculture. 

Wiss. Veroff. Siemens- 

Werken .Wissenschaftliche Verofientlichungen aus den Siemens-Worken. 

Woch. Bran .Wochenschrift fiir Brauorei. 

World's Paper Tr. Rev. . . World’s Paper Trade Review. 

Z. angew. Chem .Zeitschrift fiir angewandte Chemio {in 1932 changed to Angewaiidte 

Cliemie). 

Z. anal. Chem .Zeitschrift fiir analytische Chomie. 

Z. anorg. Chem .Zeitschrift fiir anorganische und allgemeine Chemio. 

Z. Biol .Zeitschrift fiir Biologie. 

Z. deut. Oeol. Ges. . . . Zeitschrift der deutschen Geologischen Gesellschaft. 

Z. Elektrochem .Zeitschrift fiir Elektrochemie. 

Z. Fleisch- Milch-IIyg. . . Zeitschrift fiir Fleisch- und Milch-Hygiene. 

Z. ges. Brauw .Zeitschrift fiir das gesamte Brauwosen. 

Z. ges. exp. Med. . . . Zeitschrift fiir die gesamte experimentelle Modizin. 

Z. ges. Naturwiss. . . . Zeitschrift fiir die gesamte Naturwissenschaft. 

Z. ges. Sekiess- u. Spreng- 

stoffw .Zeitschrift fiir das gesamte Schioss- und Sprengstoffwesen. 

Z. Hyg .Zeitschrift fiir Hygiene und Infoktionskrankheiten. 

Z. Krist .Zeitschrift fiir Kristallographie. 

Z. Meiallk .Zeitschrift fiir Metallkunde. 

Z. Parasitenk .Zeitschrift fiir Parasitenkunde. 

Z. Pjlnnz. Dung. . . . Zeitschrift fiir Pflanzenernahrung, Diingung, und Bodenkunde 

{title 1936 changed to Bodenkunde und Pflanzenernahrung). 

Z. Pfianzenkr. PJianzen- Zeitschrift fiir Pflanzenkrankheiten (Pflanzenpathologie) imd 

schutz Pflanzenschutz. 

Z. Physik .Zeitschrift fiir Physik. 

Z. physikal. Chem. . . . Zeitschrift fiir physikalische Chemie. 

Z, physikal. chem. Unterr. . Zeitschrift fiir den physikalisohen und chemischen Untcrricht. 

Z. physiol. Chem. . . . Hoppe-Seyler’s Zeitschrift fiir physiologische Chemie. 

Z. pr. Oeol .Zeitschrift fiir praktische Geologie. 

Z. Spirilusind .Zeitschrift fiir Spiritusindusirie. 

Z. Unters. Lebemm. . . Zeitschrift fiir Untersuchung der Lebensmittol. 

Z. Ver. deut. Ing. . . . Zeitschrift des Vereims deuischer Ingenieure. 

Z. Ver. deut. Zucker-Ind. . Zeitschrift des Vereins der deutschen Zucker-lndustrie {in 1935 

changed to Zeitschrift der Wirtschaftsgruppe Zuckerinduatrie). 

Z. Vitaminforach, • . , Zeitschrift fiir Vitaminforschung, 
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Z. Wirts, Zuckerind, 

Z. wiss. Biol. 

Z. wise. Mikrosk. 

Z. wiss. Phot. 

Z. Zuchtnng .... 
Z. Zuckeriwi, Czechoslov, 
Zdlstojf u. Papier . 

Zement . 

Zentr. Bakt . 

Zentr. Min . 


Zoitsohrift der WirtHchaft8grup|ie Zuckerindustrio (Vorein der 
deutschon Zuckor-Tiidustrie). 

Zeitschrift fiir wissenschaftliche Biologie. 

Zoitsohrift fiir wissenscliaftliche Mikroskopie urid mikrnskopische 
Te(;hnik. 

Zoitsohrift fiir wissoiisohaftliche riiotographie, Rhotophysik und 
rhotorhoinie. 

Zeitschrift fiir Ziichtung, R(‘jho A l.^danzoii-, Keiho B Thicr-. 

Zeitschrift fiir die Zuckerindustrio der Cechoslovakischen Kepublik, 

Zellstoff und Papier. 

Zement. 

Zentralblatt fiir Bakteriologie, Parasitenkunde und Infektionskrank- 
heiten. Aid. { arnl 11. 

Zentralblatt fiir Mineralogie, Oeologio und Paliiontologie. 





NOTE. 


Italicised words in inverted commas may be registered trade names. 



A DICTIONAEY OP 

APPLIED CHEMISTRY 

F— continued. 


FEHLING’SSOLUTIONS. Baebbswil’s 
Solution (Vol. I, MM). 

FEIGL*S TEST v. Arsenic (Vol. I, 471c). 

FELDMANN STILL v. Ammonia (Vol. I, 
3456). 

FELITE V . Building Materials (Vol. II, 
1416). 

FELL 1C ACID v. Bile (Vol. I, 690a). 

FELSITE v. China-Stone (Vol. Ill, Z2d). 

FELSPAR or FELDSPAR. (Fr. 
Feldspath; Ger. Feldspath^ Feldspat; from the 
Swedish FeltspcU or Fdlispaty meaning “ field- 
spar.”) The original form of the name, as 
given by D. Tilas in 1740, is feldtapat (N. 
Zenz4n, Geol. For. Forh. Stockholm, 1925, 47, 
390). A large isomorphous group of important 
rock-forming minerals consisting of alumino¬ 
silicates of alkalis (potassium and sodium, rarely 
rubidium, caesium and lithium) and alkaline 
earths (calcium, and less often barium). They 
include poly silicates or trisilicates of the type 
R'AISigOg, and orthosilicates of the type 
R"Al 2 (Si 04 ) 2 . The principal molecules repre¬ 
senting the end-members of the isomorphous series 
are KAiSigOg (Or=orthoola8e), NaAISigOg 
(Ab=albite), and CaAl2Si20g (An=anorthite). 
Others of less importance, or whose existence 
is only assumed on theoretical grounds, are 
BaAl2Si20g (Ce=celsian), Na2Al2Si20g (Cg 
=camegieite), and RbAISigOg (rubidium- 
microcline). 

The felspars are divided crystallographically 
into two series, the monoclinic (or oblique) 
felspars and the triclinic (or anorthic) felspars. 
But, although these belong to different systems 
of crystallisation, they resemble one another 
closely in habit, cleavage, and general crystallo¬ 
graphic characters. An important feature of 
all felspars is the existence of good cleavages 
in two directions; the more perfect one being 
parallel to the basal pinakoid c(OOl), whilst the 
second is parallel to the clinopinakoid or plane 
of symmetry 6(010) in the monoclinic felspars, 
and parallel to the corresponding brachypinakoid 
6(010) in the triclinic felspars. In the mono¬ 
clinic system these two cleavages are necessarily 
at right angles (90°), and the felspars belonging 
to this system are consequently described as 
orthoolastic felspars; whilst in the triclinic 
Vol. V.—l 


system the cleavage angle be varies slightly from 
a right angle (in anorthite be=85° 50', and in 
albite 6c—86° 24'), and for this reason these 
felspars are called plagioclastic felspars, or 
simply plagioclase. To these two series may 
be added a third—pseudo-monoclinic series— 
the members of which are shown by their optical 
characters to be triclinic, but in the external 
form of their crystals they do not differ from 
those of the monoclinic series and the cleavage 
angle 6c does not differ appreciably from 90°. 
The several members of these three series of 
felspars are set out in the following table:— 



Monoclinic 

series. 

Pseudo¬ 

monoclinic 

series. 

Triclinic 

series. 

KAISljOg 

Orthoclase 

Mlcrocline 

__ 

mKAISinOg \ 
nNaAISIgOg / 

Soda- 

orthoclase 

Anortho- 

clase 

- 

NaAISIjOg 

Barbierlte 

Cryptoclase 

Albite 

mNaAISi 30 g \ 
nCaAtgSigOg / 



( Oligoclase,La- 
\ bradorite,etc. 

CaAI^SlaOg 

— 

— 

Anorthite 

Na2Al2Si20g 



Carnegieite 

BaAl 2 Si 203 

Celsian , 



^nBaAloSioOa \\ 
nKAISisOg / 

Hyalo- 

phane 

— 



The only members of practical importance 
are the potash-felspars, orthoclase and micro- 
cline (which, as noted below, are perhaps really 
identical); the soda-felspar, albite; the lime- 
felspar, anorthite; and the soda-lime-felspars, 
oligoclase, andesine, labradorite and bytownite. 
All of these, with the exception of potash- 
felspar, belong to the isomorphous group of 
plagioclase-felspars of which albite and anor¬ 
thite are the end-members. The limits of 
composition usually assigned to these are: 

SiOg AlgO, NsgO CaO 


A1L-* ^AbiAno 68-7 196 11*8 

<AbX 64-9 221 10 0 

Oligoclase <Ab*AnJ 620 240 8-7 

66-6 28-3 6-7 

^'^^°j"‘®<AbiAn, 49-3 32-6 2-8 

<AbiAn, 46-6 34-4 1-6 

Anorthite <Ab#AnJ 43-2 36-7 — 


30 

5-3 

104 

16 - 3 

17 - 4 
20-1 
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FELSPAR OR FELDSPAR. 


A ( haracter which always enables the plagio- 
clase-felspars to be readily recognised ia the 
invariable presence of lamellar twinning ac¬ 
cording to the albitc-law. This is shown in 
thin sections of rocks when examined in polarised 
light l)y the banding due to the different direc¬ 
tions of extinction in alternate lamellae. Jn a 
hand-specimen it is shown on the basal jdano 
c(OOl), and on the perfect cleavage parallel to 
this lace, by a system of fine striae parallel to 
the edge of intersection of the two cleavages. 
These striae can usually be detected with the 
aid of a j)ock(^t-lenH when the cleavage surface 
is held at a suitable inclination to the light; 
and two sets of reflections can be obtained in 
albite inclined at 7*^ 12', and in anorthite at 
8° 20'. Albite-twinning is not present in ortho- 
elase, but is present in microcline, though in this 
case the stria* are not evident on the cleavage 
surface. This diflfereiKe often affords a n^ady 
means of distinguishing at sight a potash-felspar 
from a soda-lime-felspar. Jn microcline there is 
also a second lamellar twinning according to 
the pericline-law, which, in conjunction with 
the lamellar albite-twinning, produces a very 
characteristic cross-hatched structure, some¬ 
times to be seen on the basal plane of crystals, 
but very evident when thin sections are 
examined in polarised light; this being, indeed, 
often the only means of distinguishing micro- 
cline. Several other twin-laws have been 
described for the felspars, the im})ortant ones 
being the ('arlsbad, Raveno and Manebach 
types. The very (ommon o(M;urren<!e of re¬ 
peated twinning in this grouj) of minerals gives 
rise to the suggestion that the higher degree 
of symmetry in the monoclinic series is merely 
the result of twinning, and that all felspars are 
really triclinic. This is obviously the case in 
the pseudo-monoelinic series, in which, on optical 
examination, the twinning is seen to be repeated 
on a very minute scale. If this became ultra- 
microscopic, then the crystal could not be 
distinguished from a true inonoclinicj crystal. 
The crystallographic grouping shown in the 
above table w'ould then break down, while the 
chemical grouping would stand. Microcline 
would then be identical with orthoclase, which, 
indeed, it is in density, refractive indices, mode 
of occurrence and its practical applications. I 

Some of the constants of the three most 
important species of felspar are given in the table 
at the toj) of the next column. 

The recognition of a mineral as felspar is 
usually evident by the cleavages, dullness of 
colour and lustre, hardness, resistance to acids, 
etc.; but the discrimination of the several 
species is not always so easy. The optical 
characters of cleavage flakes afford a useful 
guide, and the specific gravity of fragments can 
be readily determined in a heavy liquid with 
the aid of indicators. Optical methods, with 
the aid of the imiversal microscope stage, have 
been much developed (M. Reinhard, “ Universal 
Drehtischmethoden . . , Plagioklasbestim- 

mung,” Basel, 1931; W. Nikitin, “ DieFedorow- 
Methode,” Berlin, 1936). J. Szabo (“ Uebereine 
neue Methode die Feldspathe auch in Oesteinen 
zu bestimmen,” Budapest, 1876; v. G. A. J. 
Gole, “ Aids to Practice Geology,” 6th ed.. 



15“ 

z 

U 

IS 

Si02% .... 

64-7 

68-7 

43-2 

Al 203 % .... 

18*4 

19-5 

36*7 

CaO% .... 

— 

— 

20-1 

K20% .... 

1()0 

— 

—. 

Na20% .... 

— 

11-8 

— 

gr. 

2-56 

2-62 

2-76 

Hardness .... 

6-6i 

6-61 

6 6j^ 

Melting-point ‘'C. 

c. 1150 

c. 1100 

1550 

Specific heat . 

0.187 

! 0-197 

0-197 

Cleavage angle (be) . 

90“ 

86^24' 

85° 50' 

Optical extin(;tion on c 

0“ 

4-4° 

-37° 

„ „ h 

4-5° 

-M9° 

-36° 

Ref. index (Na) a . 

1-519 

1-529 

1-576 

„ „ . 

1-523 

1-533 

1-583 

»♦ »» y . 

1-524 

1-539 

1-588 

BirefringCTU'C y - a . 

0-(K)5 

0-010 

0-012 


London 1906, 78-85) devised a method in which 
the intensity of coloration imparted to the Bun¬ 
sen flame gives an approximate indication of the 
percentage of potassium and sodium present. 
Anorthite is decomposed by hydrochloric acid 
with separation of gelatinous silica. The other 
felspars are only very slightly attacked by acids 
(except hydrofluoric), alkaline solutions and 
carbonated water; but they are dec’omposed b}" 
hot alkaline solutions under pressure. 

The following analyses are of: 1, Orthoedase 
from Norway, as used in the manufacture of 
porcelain; formula Or^gAbgg. 11, Microcline 
(amazon-stone) from Antaboka, Madagascar, 
Or 7 jAb 27 An 2 . Ill, Albite from Amelia Co., 
Virginia, AbggOr 2 . IV, Oligoclase (sunstone) 
from Tvedestrand, Norway, Ab 7 jAn 220 r 7 . V, 
Labradorite from Ardglass, Co. Down, 
Ab33Ang20r5. VJ, Anorthite from Vesuvius, 

Ab4Ang40r2. 


SiOg 

AI2O3 

FegOa 

CaO 

MgO 


Ign, 


Sp. gr. 


I 

II 

HI 

TV 

V 

VI 

64-98 

63-55 

68-44 

61-30 

52-33 

43-96 

19-18 

18-55 

19-35 

23-77 

30-22 

35-30 

0-33 

0-34 

— 

0-36 

0-40 

0-63 

trace 

0-36 

— 

4-87 

12-52 

18-98 

0-25 

0-10 

— 

— 

— 

0-45 

12-79 

13-90 

0-43 

1-29 

0-85 

0-40 

2-32 

3-30 

11-67 

8-50 

3-62 

0-47 

0-48 

— 

— 

— 

0-36 

— 

100-33 

KK)-10 

99-89; 

100-09 

100-30 

100-19 

. — 

2-68 

2-61 

2-66 

2-71 

2-76 


Felspars are of wide distribution, according 
to F. W. Clarke forming about 56 p.c. of the 
earth’s crust. They occur as primary con¬ 
stituents in igneous rocks of nearly all kinds, 
and are abundant in gneisses and metamorphic 
rocks. The alkali-felspars occur preferably in 
the more siliceous rocks (granite, etc.), whilst 
lime-felspars are more common in basic rocks 
(gabbro, basalt, etc.). Anorthite is also found 
in certain types of meteoric stones. Felspars are 
very susceptible to alteration, being attacked 
by carbonated, acid and alkaline waters, and 
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they give rise to a great variety of secondary 
minerals. By the action of weathering pro¬ 
cesses the alkalis and lime generally pass into 
solution, remaining partly in the soil, and in 
part being removed in solution to form eventu¬ 
ally secondary deposits of salts and limestone; 
whilst kaolin and free silica remain behind to 
give rise to deposits of clay. 

All the naturally-occurring felspars have 
been prepared artificially, and in addition others 
containing strontium, barium and lead in place 
of calcium, or potassium in place of sodium in 
the plagioclases. The basic felspars crystallise 
readily and are easily obtained by dry fusion; 
but the alkali-felspars form extremely viscous 
glasses, and have not been crystallised by dry 
fusion without fluxes. Much experimental work 
has been done in connection with the isomor¬ 
phism of the felspars and in rock synthesis (v. 

Fouqu6 and A. Michel-LtWy, “ Synthfeso des 
Mineraux ei des Roches,” Paris, 1882; A. L. 
Day and E. T. Allen, “ The Isomorphism and 
Thermal Properties of the Feldspars,” Carnegie 
Inst., Washington, 1905). 

For practical purposes the felspars find 
a})j)lications in several directions. Some are 
used as gem-stones and oniameiital stones. As 
a rule, these minerals are dull in colour, cloudy 
and imperfectly transparent, but (certain varieties 
exhibit special optical and colour eflfects. 
MoortMonef a variety of orthoclase. obtained 
mainly from Ceylon, displays a soft bluish milky 
sheen (glaucescenee). Somewhat similar, but 
with brighter colours, is 'peristerite (named from 
rrepisrepdt a pigeon, on account of the colours 
resembling those on a pigeon’s neck), a variety 
of albite from C’anada. ^unstona, or avanturine 
felspar, exhibits a metallic spangled efl’et^t, due 
to the enclosure of scales of ha'matite; this is 
best shown in the oligoclase from Tvedestrand 
in Norway, but is also met with in some other 
felspars. Lahradoriie in certain specimens, 
particularly those found abundantly as boulders 
on the coast of Labrador, are of a dull dark- 
grey colour, yet at just a particular angle with 
respect to the incident light they suddenly 
shine up with brilliant metallic colours. This 
change of colour or labradorescence is due to 
the interference of light caused by numerous 
minute enclosures in the mineral. The same 
effect is also shown by the anorthoclase in the 
augite-syenite (laurvikite) from Laurvik and 
Fredriksvam in the south of Norway, a rock 
much used as a polished ornamental stone. A 
clear transparent oligoclase from Mitchell Co., 
North Carolina, has been cut in the brilliant form 
as a gem. AmMzon-stone (q.v.) is a green micro- 
cline. (On the use of felspar as gem-stones, v. 
M. Bauer, “ Precious Stones,” transl. by L. J. 
Spencer, London, 1904.) 

The chief use of felspar in the industrial arts 
is for the manufacture of porcelain and enamel 
ware of all kinds, including electrical goods. 
For this purpose only an alkali-felspar, pre¬ 
ferably potash-felspar or a potash-soda-felspar, | 
is employed; the lime-felspars not being suit¬ 
able, since they readily crystallise. In the finest 
porcelain, felspar (10-36%) is added to the 
body, and as it fuses it firmly binds the particles 
of clay and quartz; but it is chiefly for the 


glaze that felspar (30-50%) is added. The 
l)e8t quality is used for making artificial teeth. 
Small amounts are used by glass manufa(‘furers, 
especially for j)roducing an opalescent glass. 
Fused felspar forms a firm bond for emery, 
corundum and carborundum wheels. 

As an abrasive, felspar is cxpecially suitable 
for certain purposes. Owing to its cleavage, it 
powders to angular fragments ; and its hardness 
is about the same as that of glass. It is there¬ 
fore used as a cleaner and polisher of glass 
articles, and forms an ingredient of scouring 
soaps. Any felspar serves this purpose, so long 
as it is free from quartz. Labradorite from 
Duluth, Minnesota, is used as a sandpaper in 
w'ood-working. Other minor uses of felspar are 
the manufacture of tarred roofing material, for 
surfacing concrete, and as a poultry grit. 

A great varitdy of processes have been 
devised and patented for utilising felspar as a 
source of potash, but these have not been able 
to compete with the slowdy-acting geological 
processes which produced the Stasshirt deposits 
from the skme material. Ground fclsp«ar used 
directly as a fertiliser is slow’ in its action, but 
lasting. 

Commercial fcls])ar is all obtaincnl by quarry¬ 
ing veins of granite-pegmatite. This is a very 
coarse-grained rock consisting of alkab-felspar, 
quartz and mica, together with small amounts 
of tourmaline, beryl and various rare minerals. 
The same quarries are sometimes worked also 
for quartz and mica ; those of California, Maine, 
Connc<dicut and Madagascar yield gem-stones ; 
and those of southern Norw ay small amounts of 
rare-earth minerals, e.g. monazite, gadolinitc, 
euxenite and uranium minerals. The felspar 
is, as a rule, ortlioclase or microcline ; but veins 
of soda-pegmatite, consisting mainly of albite 
with a little hornblende, are worked in Pennsyl¬ 
vania, Maryland, and at V'illeneuve in Quebec. 
The largest producer is the United States, 
principally along the Appalachian Mountains in 
the eastern States, and in California (r. E. S. 
Bastin, Economic Geology of the Feldspar 
Deposits of the United States, U.S. Geol. 
Survey, Bull. 420, 1910; A. S. Watts, The 
Feldspars of the New England and North 
Appalachian States, U.S. Bureau of Mines, 
Bull. 92, 1916). In Canada the principal 

quarries are in Quebec and Ontario (H. S. 
Spence, Feldspar, Mines Branch, Ottawa, 1932, 
No. 731). Other large producing countries are 
Norway, Sweden and Italy. (On Norwegian 
deposits, see O. Andersen, T. F. W. Barth and 
O. A. Brocli, Feltspat I-IV, Norges Geol. 
Undersok. 1926-34, Nos. 128A, 128B, 141.) 
The spar should be free from iron-bearing 
minerals and mica, but the presence of 15-20% 
of quartz is not injurious for pottery. It is 
sometimes (ialcined before being finely ground 
and screened. 

In the British Isles thtwe is abundance of 
available material in the pegmatite-veins 
traversing the ancient gneisses of Sutherland- 
shire. The average amount of potash in the 
microcline of this district is 12*8%, and for the 
whole rock 6*7%. A few smaller pegmatite- 
veins are present in Cora wall; and the well- 
known Cornish china-stone is rich in partly 
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altered felspar. The discovery of a vein of red 
felspar at Belleek in Co. Fermanagh led to the 
establishment of porcelain works at this locality. 
The red felspar becomes white on calcination, 
the iron passing into the condition of magnetite, 
the particles of which may be removed by means 
of a magnet. Other Irish occurrences are known 
in Co. Mayo and Co. Donegal. The abundantly 
occurring granites of Cornwall, Scotland and 
Ireland contain, on an average, about 5% of 
potash, a portion of which is, however, carried 
in the mica. (r. Special Reports on the Mineral 
Resources of Great Britain, Mem. Geol. Survey, 
vol. V. 1916, 2rul edit., 1917 ; P. G. H. Boswell, 
British Supplies of Potash*Felspar, considered 
from the Glass-Making point of view, J. Soc. 
Glass Technology, 1918, 2, 36-71; Felspar, Imp. 
Mineral Resources Bureau, London, 1920.) 

L. J. S. 

••FEMERGIN ” (r. Vol. IV, 3306). 

FENCHANE. 

HjC—CH—CMe2 

cIhj 

HjC—(!:Me—CHj 

The hydrocarbon, fenchane, CioH_jg, b.p. 
14r/760 mm., df 0-8316, 1-4412, [a]n 

—18°*11, has been prepared by the action of 
sodium ethoxide on d-fenchonc hydrazonc 
(Wolff and Noltc, Annalen, 19] 2, 894, 97; 
Komppa and Hasselstrom, ibid. 1932, 496, 164; 
497, 116), by the distillation of the hydrazone 
with potassium hydroxide (Kishner, J. Russ. 
Phys. Chem. Soc. 1911, 43, 684) and by the 
reduction of a-fenchene dibromido (Qvist, 
Annalen, 1918, 417, 293). It yields on nitration 
a mixture of 2- and 6-7iitrofenchams (Nametkin, 
J. Russ. Phys. Chem. Soc., 1915, 47, 1590.) 

J. L. S. 

FENCHENES. By the removal of hydro¬ 
gen chloride from fenchyl chloride, prepared 
by the action of phosphorus pentachloride on 
fenchol, Wallach (Annalen, 1891, 268, 129; 
1895, 284, 331; 1898, 300, 294, 319) prepared 
an optically inactive hydrocarbon, CjoHjg, 
b.p. 158-160°, designated fenchene. Subse¬ 
quent investigations by Wallach and by many 
others (Wallach, ibid. 1908, 362, 186; Aschan, 
Ber. 1907, 40, 2750; Annalen, 1912, 887, 1; 
Komppa and Hintikka, Ber. 1914, 47, 936; 
Komppa and Roschier, Annalen, 1929, 470, 
129; Qvist, ibid. 1918, 417, 288; Ruzicka and 
Liebl, Helv. Chim. Acta, 1923, 6, 267; and 
Komppa and Nyman, Annalen, 1938, 585, 252) 
showed that this hydrocarbon was not homo¬ 
geneous but a mixture of five hydrocarbons in 
varying proportions. For the preparation of 
these hydrocarbons three general methods are 
available: (i) dehydration of the alcohols, 

fenchol and 4>ofenchol; (ii) distillation of their 
xanthogenates; and (iii) removal of hydrogen 
chloride from fenchyl and wofenchyl chlorides. 

a-Fenchene (1) is most conveniently prepared 
by the distillation of methyl a-fenchyl xanthate 
or by the action of nitrous acid on fenchylamine. 
For Z-a-fenchene prepared from Z-fenchylamine 
the following constants are given: b.p. 156- 


157°, 0-869, 1-4724. [a]i> -32-12°. a- 

Fenchone is readily characterised by the pre¬ 
paration of the crystalline dibromidCy d- and 
l-y m.p. 87-88°, dl-y m.p. 62°. 

On oxidation with potassium permanganate 
a-fenchene (I) yields l-hydroxy-a-fenchenic acid 

(II) , d- and Z-, m.p. 153-154°, giving on further 
oxidation with lead peroxide a-fenchocamphorone 

(III) , d- and l-y m.p. 109-110°, b.p. 202°, semi- 
carbazoncy m.p. 220-221°. On oxidation with 
nitric acid a-fenchocami)horone gives cis- 
apommpho'ric acid (IV). a-Fenchocamphorone 
is obtained also by the oxidation of a-fenchene 
with ozone. 

HgC—CH—( 

c!:Me2 

HgC—CH—C.-CHy 

1 . 

HaC—CH—CHg 
CMeg 

H2C—CH—C( 0 H)C 02 H 

11 . 

HX—CH—CH2 H2C—CH CO2H 

I I 

CMCo -> CMe™ 

I I 

H2C—CH—CO H2C—CH-COjH 

III. IV. 



The structure assigned to a-fenchene was con¬ 
firmed by Komppa’s synthesis (Ber. 1901, 34, 
2472; Annalen, 1909, 368, 126) of apocamphorie 
acid extended later to a synthesis of dl-a- 
fenchocamphorone and dZ-a-fenchene (Ber. 1911, 
44, 1536; Komppa and Roschier, Ann. Acad. 
Sci. Fennicae, 1916, [A], 10, [iii], 3; Komppa 
and Komppa, Ber. 1936, 69 [B], 2606). The 
synthetic hydrocarbon had b.p. 154-156°, 
d^® 0-8660, Wp 1-47045. The main stages in 
these syntheses are given below. 

COaEt CHo-COoEt OC—CH-CO»Et 


jEt CHa-COaEt OC—CH-COgEt 

HaC—CH-COjEt * HjC—CH-CHa 


dlVIej O 

I / 

-CH-CO 


HjC—CH-CHa-CN 

1 

HaC- 

-CH-CHa-COaH 

CMea 

-> 

(^Mca *-> 

J 

HgC—in-COaH 

HgC- 

--CH COaH 

HjC—CH—CHa 

HaC^ 

-CH—CHa 

j ■ 

cImCa 

j 


CMca -vI. 

j * 

HaC—CH—CO 

HaC— 

CH—C(OH)Me 
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J-^-Fenchene (V) was first prepared by Ber¬ 
tram and Helle (J. pr. Chem., 1900, [ii], 61, 363) 
by the dehydration of l-iaofenchol (VI), and later 
by Wallach and Neumann (Annalen, 1901, 315, 
381) by the action of aniline on a fenchyl 
chloride which had been prepared by the action 
of phosphorus pentai'hloride on Z-a-fenchol in 
ligroin the reaction mixture not being cooled. 
It is probably best prepared either by the 
dehydration of l-a~fenchol (VII) with potassium 
hydrogen sulphate (Korappa and Roschier, l.c.; 
cf. Komppa and Nyman, l.c.) or by the action of 
toluidine on l-iBofernhyl chloride (VIII) (Qvist). 


which on dehydration gave a mixture of and 
y-fenchenes. 

y-Fenchene (XU), b.p. 14{)-147°,df 0-8547, 
1 •40072, which has not been obtained pure, 
may be prepared by the dehydration of a- 
fenchol with potassium hydrogen sulphate. Its 
structure is proved by its oxidation with ozone 
to the keto-aldahyde^ disemi- 

carbazonCy m.p. 219°, and to the ketonic acid, 
CioHigOg, (XIV), semicarbazone, m.p. 220-221°, 
the latter yielding on further oxidation with 
sodium hypobromite ira/i5-a/x)fenchocamphoric 
acid. 


CH, 


CHjj 


HO HC—CMe-CHg H^C—CMe-CH OH 

VI. VII. 



-__CH —( 

1 


CH—< 

1 

CMeg 

HOgC-CH—C 


1 

CH„ 

1 


CH, 

1 


-> in, 

.. .. 1 .. . 


CIHC—CMe-CH, HgCrC—CH—CHg 

VIII. V. 


HC—CH—CMe^ OHCCH—CMe,^ 


I 

CH, 


MeC—CH—CH^ 

XII. 


CHo 

I I 

MeCOCH—CH., 

XIII. 


MeCOCH—CH, 

XIV. 


/-^-Fenchene has b.p. 150-153°, /f 0-8591, 
njj® ® 1-4645, [aJi) +62-91°. It yields a crystal¬ 
line dihromide, m.p. 81-82° and a nitroaochloride, 
m.p. 120°. On oxidation with potassium per¬ 
manganate it gives l-hydrory-P-fenchenic acid 
(IX), d-, m.p. 137-138°, dl-, m.p. 125-126°, 
from which p-fenchocamphorove (X), m.p. 62-63°, 
d/-, m.p. 64-66° is obtained on further oxidation 
with lead peroxide. On oxidation with nitric 
acid ^-fenchocamphorone gives npofencho- 
camphoric acid (XI), cia-y m.p. 144-5-145°, trans-, 
m.p. 147-148°. 


V. 


H,C—CH-CMe^ 

I 

CH, 


H02C(H0)C 


:4h- 


-CH., 


IX. 


HoC—CH—CMe, 


OC 


CH, 

-<1h- 

X. 


CH« 


HOgC CH—CMeg 
CH^ 

HOaC-CH—CHj 
XI. 


jS-Fenchocamphorone is obtained also when /3- 
fenchene is oxidised with ozone. opoFencho- 
camphoric acid has been synthesised by Short 
(J.C.S. 1927, 961) and its higher homologue, 
homoopofenchocamphoric acid, by Bardhan, 
Banerji and Bose {ibid. 1936, 1127), whilst 
Komppa and Komppa (Ber. 1936, 69 [B], 2606) 
have described a synthesis of )3-fenchocamp- 
phorone although the pure ketone was not 
isolated. By the action of magnesium methyl 
iodide on ^-fenchocamphorone Komppa and 
Roschier (Ann. Acad. Sci. Fennicas, 1917, [A], 
[x], 15, 1) prepared methyl /ff-fenchocamphorol 


Derivatives of y-fcnchene have been prepared 
by Alder and Stein (Annalen, 1933, 601, 28; 
1935, 515, 171) and by Komppa and Beckmann 
{ibid. 1933, 503, 130). These comprise a mVroso- 
chloride, m.p. 150°, a nitrosate, m.p. 146-147“ 
and an additive compound with phenyl azide 
dl- m.p. 148-149° ; c/-, m.p. 177°. 

S-Fenchene 


HC—CH - 

I 

CH, 


-CMe.> 


HC—CMe—CH 


also known as fenchylene. and inofenchylene 
b.p. 139-1407702 mill., rff 0-8381, 1-4494, 

[a] - 68-76° (in alcohol), has not been obtained 
{)urc. It is present in the lowest boiling 
fractions of the oil obtained by the dehydration 
of a-fenchol with potassium hydrogen sulphate 
or by the distillation of /-methyl /.sofenchyl 
xanthate (Nametkin, J. pr. Chem. 1923, [ii], 
106, 26). It has been characterised by the 
preparation of a nitrosochloridey m.p. 142°, and a 
7 iiiro 8 it€y m.p. 163°. Its structure is proved by 
its oxidation to z^ofencho-camphoric acid. It 
forms two adducts with phen^d azide, m.p. 
128-129° and 122°, respectively (Alder and Stein, 
Annalen, 1935,616,180). 
cyc/oFenchene 


HjC-CH—CMe, 


in. 


HC- 


-CH 


CMe 


b.p. 143-143-5°/748 mm., d\^ * 0-8624, ^ 

1-45370, is present in the mixture of fenchenes 
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prepared by any of the general methods. It is 
most conveniently obtained by treating d- 
fenchone hydrazone with inerenrie oxide in the 
presence (»f alkali (G.P. 353933). Owing to its 
stability it can be readily freed from unsatnrated 
hydro(!arbons by treatment with potassium per* 
manganat(‘. By the action of bromine a- 
fenchene dibromi<le, m.p. 8t)-87‘*, is obtained, 
whilst on hydration /Afofenehol is formed. 

J. L. 8 

F E N C H O L. {Fnichyl alcohol) 

HX—CH—CMe<, 


CH. 


I 


H 2 C—CMe—CHOH 

The occurrence in nature of dl-fenchol was first 
observed in yellow^ ])ine oil distilled fronj the 
roots of Phi'us paluntris (8chimmerH Report, 
1910, April, p. 107) and later confirmed by 
Zeitscliel and Todenhofer {ihid. 1932, f>3, b4). 
The alcobol has been shown by Schmidt and 
Schulz (iljid. 1935, 94; c/. Kornppa and Beck¬ 
mann, Ber. 1935, 68 [B], 10) to be pure dl-a- 
fenchol, m.p. 38"", b.p. 199*57750 mm. 
0*9420, 1*47013, phenykivethane, m.p. 104°, 

hydrogen phthalate, m.p. 1G9°. dX-p-Fanchol, 
m.p. 0*3°, b.p. 200*57750 mm., d*^ 0*9428, 
1*47033, phenyl'ureAhane, m.p. 90*57 hydrogen 
phfhalata, m.p. 153*5°, has been prepared by 
Schmidt and Schulz by the hydrogenation of 
d/-fenchone using a nickel catalyst. The d- 
and f-fenchols have been prepared by the reduc 
tion with sodium and alcohol of the d- and Z- 
fenehones, the d-ketone yielding the Z-ah^ohols 
(Bertram and Helle, J, pr. Chem. 1900, fii], 61 
294). The separation of the mixture of alcohols 
so obtained was first carried out by Kenyon and 
Priston (J.C.S. 1925, 125, 1472). Schmidt and 
Schulz give the following ctiustants for the 
alcohols and their derivatives : 

Hydro- 



M.p., 

B.p., 

750 

iitm. d 

[alp 

(in 

alcohol) 

ure¬ 

thane, 

m.p., 

“C. 

phthal- 

ate. 

dl-a- 42-43 
dl-p- — 

iso- 

202-203 0*9533 
89/15 mm. — 

1*47556/20° — 

Hydrogen 

d-a . 

47 

— — 

+ 11*5“ 

81 

145*5 

Fen- 

Phenyl urethane, 

phthalate, 
m.p., °C. 

l-a- . 

48 

199*5 0*960520° 

-11“ 

81-82 

146 

chol. 

rn.p., “0. 

d-p. r 

— 

— — 

-21*.50“ 

89 

151 

Z-a- . 

106-107 

156 

t-p-. 

5*6 

200*5 0*964“° 

+ 21*40° 

89-90 

152 

d-p^ . . . 
dZ-a- . . . 

liquid 

94-95 

80 


The configuration of these alcohols has not been 
determined (Kornppa and Beckmann, Annalen, 
1936, 522, 137; Alder, Stein and Rickert, 
ibid. 1936, 525, 225). 

The fenchols are formed also by the hydration 
of a- and jS-pinenes as was first observed by 
Bouchardat and Lafont (Compt. rend. 1887, 
105, 1177 ; 1897, 125, 111). On oxidation they 
yield fenchonc, whilst on dehydration a mixture 
of the ^enchenes is obtained. Replacement of 
the hydroxyl group by chlorine results in the 
formation of a mixture, one of the constituents of 
which is the true fenchyl chloride {inter al, 
Kornppa and Hintikka, Ber. 1913, 46, 646; 
Kornppa and Bergmann, Annalen, 1934, 509, 
51). 

J. L. S. 


isoFENCHOL. l-a-ifioFenchol (Z-a-iso* 
Fenchyl alcohol) (I) was prepared by Bertram 
and Belle (J. pr. Chem. 1900, [ii], 61, 300; 
WaUach and Vivck, Annalen, 1908, 862, 191) 
by the hydration of Z-a-fenchenc (11) with sul- 
pliuric-a(‘etic acids. It has been prepared also 
by the h 3 '^dration of cZ-/3-fencheno (111) and d- 
ryrZofenchene (IV) (Aschan, Ber. 1907, 40, 
2750; Qvist, Annalen, 1918, 417, 278). cZ-a- 
imFenchol has been pref)ared in a similar manner. 

CMe, 


-CMe, 


H^C- 


I 

k 


-CH 


HX- 


HXX- 


CH- 

I 

CH.. 

-in- 


CH, 



CHg 

IT. 


CH—CMeg 


CH 


III. 

I 

-CH—CMe, 


CH, 


HOHC—CMe—CH.> 


J. 

By the eatatytic hydrogenation of dkiso- 
fenchone Alder, Stein and Rickert (Annalen, 
1930, 525, 221) have prepared dl-P-iBofenchol, 
which is converted into the a-alcohol by the 
action of sodium in toluene solution. The 
latter alcohol is formed also by the reduction of 
iifofenchone with sodium and alcohol. According 
to Kornppa and Beckmann {ibid. 1936, 522, 137) 
the a-alcohol has the ea*o-configuration. The 
constants of the alcohols and their derivatives 
are given in the table {cf. Schmidt and Toden¬ 
hofer, Schimmel’s Report, 1937, 111). 


Fen- 

chol. 

l-a- 


M. 


B.p., 
01*5-02 201-202 




+ 8 


196-197 


^16 Wd 

0*9013 1*48005 
0*952 1*47259 


[aln 

- 25*73® 
+ 15*20“ 


dl-p- ... 101 104-105 

On oxidation the fsofenchols give isofenchone. 

J L S 

FENCHONE. The ketones d- and z’ 
fenchone, CioHiqO (I), occur respectively in oil 
of fennel (from {Foeniculum vulgare) and thuja 
oil (from Thuja occidentalis) (Schimmel’s Re¬ 
port, 1890, April, p. 20; WaUach, Annalen, 
1891, 268, 129; 1892, 272, 102). The ketone, 
which has an odour reminiscent of that of 
camphor, has m.p. 6-6°, b.p. 192-1937 0*948, 

ijj* 1*46366, [a]jj-f-62*76°, oxime, cZ- and Z-, m.p. 
164-166°, dZ-, m.p. 168-160°, semicarbazonCy d- 
and Z-, m.p. 182-183°, dZ-, m.p. 172-173°. 

The structure (I), now assigned to the ketone, 
was first suggested by Semmler (Chem.-Ztg. 
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1905, 29, 1939) who showed (Ber. 1906, 39, 2578) 
that, when it was heated with sodamide, ring 
fission occurred with the formation of d- 
fenckolamide (II) giving on hydrolysis with 
alkali d-fencholic acid (III), which Wallach 
(Annalen, 1909, 369, 73) later showed was formed 
also when the ketone was fused with alkali. 

HjC—CH—CMeg HgC—CH CHM62 


HgC—CMe—CO 


HgC—CMeCOgH 

III. 

The investigations of Boiiveault and Levallois 
((\)m|)t, rend. 1908, 146, 181 ; Bull. Soc. chim. 
1910, liv], 7, 542, 683, 736, 807, 963, 968) 
established the structure of fencholic acid, which 
they ultimately synthesised. 

Rigid proof of the structure of fenchone has 
been furnished by the synthesis of the dl- 
ketone from methylnorcamphor (Ruzicka, Ber. 
1917, 50, 1362) and from rf/-c/5-camphenecam- 
phoric acid (IV) (Komppa and Klami, ibid. 
1935, 68 [B], 2001), the more important stages I 
in the latter synthesis being given below : 


HX—CHCMe,CO..H HX—CH—CMe, 


. -a- J. --2-2- • 

^ 1 

CH 2 

CHg 

Hji—cilHCOijH 

1 

HjC—C-C 

IV. 

CO 2 H 


CH, -> I. 


Like camphor oxime, fenchone oxime cannot be 
reconverted into the ketone by hydrolysis. 
When digested with dilute sulphuric acid it gives 
two unsaturated nitriles, a- and P-fcncholeno- 
nitrile.8 (Wallach, Annalen, 1890, 259, 329; 
1892, 269, 332; 1901. 315, 278; 1911, 379, 
182; Cockburn, J.0.8. 1899, 75, 501). The 
former of these is the nitrile of a-fencholenic 
acid^ b.p, 136-138'^712 mm., probably repre¬ 
sented by (VI) and the latter of p-feacholenic 
acid, m.p. 72-73° (VII), which has been prepared 
synthetically (Ruzicka, Ber. 1917, 50, 1362). 

Reduction of fenchone oxime with sodium and 
alcoholgives a mixture oifenchylarnines^ obtained 
also by heating fenchone with ammonium 
formate (Wallach, Annalen, 1891,263,140 ; 1892, 
269,358; 1893,272,105; 276,318). Thecatalytic 
hydrogenation (jf d-fenchone oxime gives a 
d-fetichylamine, hydrocJiloridc^ m.p. picratc.^ 
m.p. 199° (Alder, Stein and Rickert, ibid. 1936, 
525, 221). /-Fenchylamino reacts in an 

abnormal manner wdtli nitrous acid, giving a 
mixture of cineole, c/-Iimonene, dipentene and 
/-tt-fencliene (VV^allach, ibid. 1908, 362, 117). 

J. L. S. 

/soFENCHONE. l-imVenchoney CjqHjqO 
(I), b.p. 201°, (l'*® O-O^, ® 14621, a„-9-3.'5", 

was prepared by Bertram and HeUe (J. pr. 
(’hem. 1900, [ii], 61, 303) by the oxidation of 
l-a-mofenx^hol (II) with chromic acid, Wallach 
(Annalen, 1907, 357, 56 ; 1908, 363, 4) later pre- 
paring the ^/-ketone from </-a-t>ofenchol. The 
d- and l-oxirnes have m.j). 82°, d- and l-semicar- 
hazones, rn.p. 221-222°, dh, m.p. 223-224°. 

HX—CH—CMe., HX-CH—CMe, 


I HO HC—CMe-CHg 

I n. 

HOX'CH- 


-CMe-CH^ 

1 . 


HOXCMe~CH, 


On reduction fenchone gives fenchol {q.v.). The 
ketone is very resistent to the action of most 
oxidising agents. On oxidation with chromic 
acid it gives the diketone (V) (Bredt, J. pr. Chem. 
1923, [iij, 106, 338) and with concentrated nitric 
acid, isocamphoronic, aa-dimethyltricarballylic, 
dimethylmalonic and i«obutyTic acids (Gardner 
and Cockburn, J.C.S. 1898, 73, 708). 


I I 

HX—CMe—C 


HC=CMe 

VI. 


Oxidation of »\'?ofenchone with potassium per¬ 
manganate gives iaofenchocantphoric acid (III) 
(Wallach, ibid. 1908, 362, 196; 363, 5) the re¬ 
actions of this acid having been studied in detail 
by Aschan {ibid. 1912, 387, 1; cf. Sandelin, 
ibid. 1913, 396, 285). iaoFenchononic axid (IV), 
prepared by Aschan by the degradation of iso- 
fenchocamphoric acid has boon synthesised by 
Bardhan and Ganguly (J.C.S. 1936, 1852). 
On fusion with potassium hydroxide wofenchone 
yields iaojencholic acid (V). » On reduction with 
sodium and alcohol the ketone yields p-iso- 
fenchol (Schmidt and Todenhofer, Schimmel’s 
Report, 1937, 112). 


:HMe-CH« 


J. L. S. 
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FENCHYLENE, 8-fenchcne (v.F bnchenes). 

FENNEL. The dried ripe fruit (seed) of 
Fceniculvm vvlgara Miller (Fam. Umbellilerje), 
cultivated extensively on the Continent of 
Europe and in North America. It is a biennial 
or perennial aromatic herb, with leaves divided 
into numerous hair-like segments, and growls 
to a height of 3-5 ft. The cremocarp consists of, 
and is more or less se{)arated into, two straight 
or but slightly curved mericarps, from 5 to 10 
mm. long and ]'5-4 mm. broad. The cross- 
section of the mericarp is almost that of an 
equal-sided pentagon, the comraisural surface 
being greater than the four c'ornprising the dorsal 
surface. It also exposes six vitta^, one on each 
dorsal and two on the conimisural side with 
five almost equally prominent ridges. It is 
largely used as an aromatic and carminative, 
particularly as a corrigent of senna and rhubarb. 
It is stated that the oil is usually prepared from 
the w^hole herb. 

Microscopic Appearance .—The outer epider¬ 
mis is composed of quadrangular to polygonal 
cells wdth an unstriated cuti(4e (distinction from 
many other umbelliferous fruits) with occasional 
stomata. The mesocarp consists of very cha¬ 
racteristic, lignified reticulate parenchyma, and 
the inner epidermis of thin-walled cells almost 
reminiscent of parquet. The endosperm is 
composed of colourless, rather thick-walled 
parenchyma, which contain aleurono grains and 
rosette crystals of calcium oxalate. 

Chemical Composition .—Probably the most 
satisfactory method of determining the essential 
oil content of fennel is by the process of Cocking 
and Middleton (Quart. J. Pharm. 1935, 8, 435). 
The powdered fruit is mixed with brine and 
distilled, the vapours being passed through the 
top of a condenser into a graduated tube, in 
which the oil is collected, whilst the condensed 
water is returned to the distillation llask. An 
air inlet and outlet is provided below the 
condenser, but above the graduated tube. 
These authors find that the yield of oil is in¬ 
creased by crushing the fruit before distillation, 
but that the commercial powder looses some of 
its oil on keeping. The fruits contain from 
3 to 4% of oil in the freshly ground fruit 
and from 1 to 2% less in the commercial 
powder. 

Standards .—The British Pharmacopoeia re¬ 
quires fennel to contain not more than 2% of 
foreign organic matter nor more than 12% 
of ash. 

Adulteration .—^French sweet fennel, Fceni- 
culum vulgare, subsp. capillaceum, var. dulce, is 
sometimes substituted for bitter fennel. It 
contains only about 2% of volatile oil, which is 
practially free from fenchone. Japanese and 
Indian fennels are sometimes substituted, as 
is also, occasionally, extracted fruit, which last 
are much darker in colour than the unextracted 
fruit. 

T. McL. 

FENNEL, ESSENTIAL OIL OF. The 

oil distilled from the fruits of Faeniculum vulgare 
Mill, or F. capillaceum Gilib. (Fam. Um- 
belliferae). The herb is cultivated in Galicia, 
Germany, Russia, Roumania, Egypt, Asia i 
Minor, Persia, India and Japan. Inferior oils i 


are obtained from the wild bitter fennel and 
the water fennel {CEnanthe phellandriumy Phel- 
landrium aquaticum). 

Constituents .—Fennel oil contains anethole, 
fenchone, pinene and dipentene. The proportion 
of anethole varies considerably and is roughly 
indicated by the congealing point which serves 
to determine the quality of the oil. The pro¬ 
portion of fenchone also varies from almost 
nil to 22%, but this constituent is of little 
importance. 

Characters. —Sp.gr. 0'9G0-0‘995, opt. rotation 
4 -6° to -f20°. Congealing point +5° to +10°. 
Solubility 1 in 5 to 8 vol. of 80% alcohol. The 
congealing point is determined by the method 
described in the British Pharmacopoeia for 
aniseed oil, but a small crystal of anethole 
must be used to induce crystallisation after 
cooling. 

C. T. B. 

** FERAN ” V. Alumimtum (VoI. I, 27Sd}. 

FERBERITE, the name applied to the 
members at the iron end of the wolframite series 

(FeW 04 ). 

FERGANITE is related to carnotite {v. Vol. 
II, 393a). 

L. J. 8. 

FERGUSONITE. A rare mineral consist¬ 
ing of columbate (niobate) and tantalate of 
yttrium and cerium earths together with a small 
amount of uranium, the general formula being 

R'"(Cb,Ta) 04 . 

Tetragonal crystals were found in Greenland in 
1826, but usually the mineral is massive with a 
lustrous, pitchy appearance on the fractured 
surfaces; sp.gr. 5*8. It is optically isotropic, 
owing to alteration and hydration: when 
heated, it suddenly shows an incandescent glow, 
becomes fractured and anisotropic, and gives off 
gases (helium, etc.). The mineral occurs in 
j pegmatite-veins at Yttcrby in Sweden, near 
Arendal and elsewhere in Norway, and in some 
abundance as large masses at Barringer Hill in 
Llano Co., Texas. At the last-named locality 
it has been mined, together with gadolinite 
and other rare-earth minerals, for the supply 
of yttrium, etc. Other localities are Coolegong 
in Western Australia, Madagascar, and the 
Caucasus. 

L. J. S. 

FERMENLACTYL, a preparation of lactic 
acid bacilli. ' 

FERMENTATION, ALCOHOLIC. The 
production of carbon dioxide and alcohol from 
sugar is by far the most important of all technical 
processes of fermentation, and has, therefore, 
been more thoroughly investigated than any 
other change produced by micro-organisms. 
Although both alcohol and carbon dioxide are 
produced from sugar by many micro-organisms 
belonging to the class of bacteria, the power of 
bringing about the typical alcoholic fermenta¬ 
tion, of decomposing sugar almost quantitatively 
into these two substances, is possessed among 
micro-organisms only by certain moulds and by 
a group of unicellular fungi which belong to 
several closely allied families and are commonly 
grouped together as yeasts. The biology and 
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mode of culture of these are treated in the 
article on Brewing. 

Species of bacteria are known which decom¬ 
pose as much as 90% of the fermented sugar into 
alcohol and carbon dioxide. Thus Thermo- 
bacterium mobile Lindner, gives a yield of alcohol 
and carbon dioxide of this order and moreover 
displays many of the other chemical character¬ 
istics of yeast (decomposition of pyruvic acid, 
phosphorylation of glucose, etc.) {see Kluyver, 
Ergebn. Enzymforsch. 1935, 4, pp. 237-8). 
The remaining 10% of the sugar is converted 
into lactic acid. A similar large yield of alcohol 
and carbon dioxide is given by Zymosarcina 
ventriculi Smit, but in this case small quantities 
of hydrogen and formic and acetic acids are 
also produced. 

Composition of Yeast. —The cell consists 
of membrane, cytoplasm and nucleus, but much 
doubt exists as to the exact form of the nucleus 
and the changes which it undergoes during 
fermentation, budding and spore formation. 
In tlie cytoplasm occur vacuoles, and at various 
stages in the life of the cell granules of chroma¬ 
tin and volutin arc formed as well as fat droplets 
and glycogen. 

Yeast, which has been pressed at about a 
half-ton per square inch, forms a friable, almost 
white mass, containing about 70% of water 
and alcohol, and 30% of solids. The com¬ 
position of the dry matter of yeast varies so 
greatly with conditions of growth, etc., that no 
general statement is of much value. The ash, 
which amounts to 5-10% of the dry residue, 
consists essentially of potash (KgO, 28-39%), 
magnesia (MgO, 4-6%), lime (CaO, 1-7%), 
and phosphoric oxide (Po^s, 45-69%), together 
with smaller quantities of sulphur trioxide, iron, 
silica, and traces of chlorine. The exact nature 
of the cell membrane is as yet undecided, 
largely because no satisfactory method of 
removing the cell contents without alteration 
of the membrane has been devised {see Zech- 
meister and Toth, Biochem, Z. 1934, 270, 309; 
1936, 284, 133; Sevag, Cattaneo, and Maiweg, 
Annalen, 1935, 519, 111). It appears to contain 
a polysaccharide of the composition of a hoxosan, 
but differing in its properties from celluIo.se. It 
may possibly be structurally associated with the 
magnesium and phosphate of the cell (McAnally 
and Smedley Maclean, Biochem. J. 1937, 31, 
72). Indeed Daoud and Ling (J.S.C.I. 1931, 
60, 365T, 379T) consider that it consists of the 
silicic and phosphoric esters of glycogen and 
yeast gum (itself a complex polysaccharide 
derived from mannose and glucose). The 
cytoplasm contains a coagulable albumin, a 
nuclein, glycogen, yeast gum and a large num¬ 
ber of other compounds, among which may be 
mentioned glutathione, the B-vitamins, spermine 
and CO-zymase. 

General Phenomena of Alcoholic 
Fermentation. 

1. The Fermentable Substances.— ^All 
yeasts which ferment glucose also ferment 
mannose and fructose. The case of galactose 
is different, as some yeasts appear to ferment it 
imperfectly, and others not at all. It has been 
found by many observers and may now be 


regarded as established, that certain yeasts 
which do not normally ferment galactose readily 
acquire this property when they are cultivated 
in the presence of this sugar, as for example in 
hydrolysed lactose. Examples of this are S. carls- 
berg 1 H., S. errevisim H., S. therm/intitonum 
Johnson, etc. Indeed, according to Lindner, all 
the culture yeasts exhibit this property {see 
Slator, J.C.S. 1908, 93, 217; Lindner, Woch. 
Brau. 1911, 28, 61). 

The conditions necessary for the acquisition 
of the property of fermenting galactose have 
been much discussed, but the experiments of 
Stephenson and Yudkin (Biochem. J. 1936, 30, 
506, where the literature is cited) show definitely 
that this can occur without increase in the 
number either of total or viable cells of the yeast 
taking place and that the acquired power is 
lost when the adapted yeast ferments glucose. 

The higher saccharides are not directly 
fermentable by yeast, but must first undergo 
hydrolysis to the simple hexoses. This is 
effected by Iiydrolytic enzymes present in the 
yeast, which can, as a rule, be extracted from 
the cell by appropriate methods. 

Willstatter and his colleagues arc of the 
opinion that in some circumstances yeasts can 
ferment disaccharides (sucrose, maltose, lactose) 
directly. Thus cases have been observed in 
which {a) fermentation proceeds at a at 
which the hydrolytic enzyme ceases to act; 
{b) fermentation is much more rapid than can 
be accounted for by tlie amount of hydrolytic 
enzyme which can be demonstrated to be 
present in the cell {see Willstatter and Stcibelt, 
Z. physiol. Chem. 1921, 115, 211 ; Willstatter 
and Oppenheimer, ibid. 1922, 118, 168; Will¬ 
statter and Bamann, ibid. 1926, 151, 242; 152, 
202 ; and cf. von Euler and Svanberg, ibid. 1919, 
105, 187; von Euler and Sandberg, Ferraent- 
forsch. 1925, 8, 232; von Euler and Josephson, 
Z. physiol. Chem. 1922, 120, 42). It must be 
remembered that some doubt exists as to the 
Pii of the cell contents and that in many of these 
cases a long induction period occurred, and the 
possibility of increase by adaptation in the 
amount of hydrolytic enzyme present must be 
considered. 

The ordinary culture yeasts employed in 
brewing, etc., contain maltase and invertase, 
but not lactase, and arc therefore able to ferment 
maltose and cane sugar, but not lactose. Bot¬ 
tom yeasts appear invariably to contain meli- 
biase, which decomposes molibiose into glucose 
and galactose, whilst this enzyme is lacking in 
top yeast. An analytical method for detecting 
bottom yeast in top yeast has been founded on 
this fact. In addition to this, practically aU 
culture yeasts are able partly to ferment 
raffinose, which on hydrolysis yields melibioso 
and fructose, and they probably contain a 
special enzyme, raffiuase, which produces this 
hydrolysis, although it is possible that this is due 
to the invertase. In the case of top yeasts, 
only the fructose thus produced undergoes 
alcoholic fermentation, the rnelibiose remaining 
unaltered, whereas the bottom yeasts decompose 
this also. Dextrin is also more or less slowly 
fermented by yeast, the hydrolysis being effected 
by a dextrinase or amylase. This property is of 
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great iiiiportaric-e in brewing, as a yeast which 
possesses a comparatively large amount of this 
enzyme is able to attenuate the wort to a greater 
extent, and to produce a larger yield of alcohol. 
Starch and glycogen are unaffected by yeast, 
pr<^d)ably because, owing to their highly colloidal 
nature, they are unable to penetrate the cell. 
Species of yctast are now known which are lacking 
in one or other of all these hydrolytie enzymes 
and are incapable of fermenting the corre¬ 
sponding sugar. These yeasts have frequently 
been employed for the isolation of such a sugar 
as maltose from mixtures containing glucose 
or fructose, and for the analytical estimation 
of mixtures of sugars (Davis and Daish, J. 
Agric. Sci. 191'1, 5, 437), and of the sugars in 
urine {me Harding and Grant, .1. Biol. Chem. 
1931, 94, 529; Harding, Nicholson and Grant, 
ihi(J. 1932-33, 99, b2/i). Their relations to the 
disaccharides are employed as a means of 
<lassification. Thus >S’. ntarxianus H. and 
S. exiguus H. ferment cane sugar, but not 
maltose ; A', rouxii Boutroux ferments maltose, 
but not cane sugar; S. fragilift Jorg. foun<l 
in kc/ir, icmients lactos(‘, and S. mali Dmdaux 
only ferments the simple sugars and is without 
action on the disaccharides. No yeast appears 
to be able to ferment the synthetic disac¬ 
charides, siu'h as i^omaltose or glucosidoga- 
laetose, and this disability extends to the iso- 
merid(‘s of the hexoses, such as sorbose, tagatose, 
etc., to the optical antipodes of the fermentable 
sugars which have been obtained by synthesis, 
and to the pentosc^s and tetroscs. Beyond the 
simple sugars mentioned above, no other sub¬ 
stance apf)ear8 to bo directly fermentable by 
yeast to alcohol and carbon dioxide, with the 
exceptions of a s^mthetic 9-carbon-atom sugar 
and of glyeeraldehyde and dihydroxyaeetonc, 
w'hi(!h, according to Bertrand (Ann. Chira. Phys. 
1904, [viii], 3, 181), Buchner and Meisenheimer 
(Ber. 1910, 43, 1773) and von I^bedev {ibid. 

1911, 44, 29,32; 1912, 46, 3526; Biochem, Z. 

1912, 46, 483), are acted on by yeast. Glycerol, 
and the higher alcohols such as mannitol and 
dulcitol, arc not fermented. 

The phosphorylated intermediate protlucts of 
alcoholic fermentation are decomposed by yeast j 
preparations, but not all of them are attacked 
by living yeast, possibly owing to the limited 
permeability of the yejist cell membrane. Thus 
hexosediphosphate is unattacked by living yeast 
whereas fructo8e-6-phosphate is slowdy fer¬ 
mented (Neuberg, Biochem. Z. 1918, 88, 432), 
as is also d-phosphoglyceraldehyde (Smythe and 
Gerischer, ibid. 1933, 260, 414). 

In 1911, Neuberg {ibid. 1911, 31, 170) made 
the important discovery that yeast decomposes 
a-ketonic acids quantitatively into carbon 
dioxide and the corresponding aldehyde {see 
p. 23). 

R CO COOH-R CHO+CO2 

This reaction is brought about by all races of 
brewer’s yeast, and by wine yeasts, and has been 
traced to the presence in these of an enzyme 
termed by Neuberg carboxylase. The enzyme 
passes from the cell into the yeast juice, so that 
this also possesses the property of decom¬ 
posing a-kctonic acids. Their salts are also 


attacked, the carbonate or bicarbonate of the 
metal being formed, and a certain amount of 
the aldehyde undergoing condensation to in¬ 
active aldol under the influence of the alkaline 
carbonate. The enzyme is undoubtedly distinct 
from zymase, and is differently affected by 
agents such as heat and antiseptics. Its action 
is, moreover, independent of the presence of the 
co-zymaso of yeast juice (Harden, Biochem. J. 
191.3, 7, 214 ; Neuberg and Rosenthal, Biochem. 
Z. 1913, 51, 125) but requires a specifle co¬ 
enzyme (Auhagen, Z. physiol. Chem. 1931, 204, 
149) {see p. 18). 

Many hydroxy-acids are also slowly attacked 
by yeast, among these being lactic acud (Buchner 
and Meisenheimer, Ber. 1904, 37, 417; 1905, 
38, 620; 1906, 39, 3201 ; Oi)penheimer, Z. 
physiol. Chem. 1914, 89, 45), glyceric acid 
(Neuberg and 33r, Biochc^m. Z. 1911, 32, 323; 
von Lebedev, Ber. 1914, 47, 660), gluconic acid, 
and glyoxylic acid (von Lebedev, Biodiem. J. 
1918, 12, 81). 

2. The Rate of Fermentation ry Yeast 
has betui investigated by many authors. It is 
best examined by Slator's method of adding a 
suH 2 >ension of yeast to the solution to be fer¬ 
mented, and determining the initial rate of 
fermentation. In this way, all errors due to 
change in the amount and condition of the yeast 
and to the influence of the products of decom¬ 
position are, to a large extent, avoided (.1.0.8. 
1906, 89, 128). By this and other methods, it 
has been established {see Hopkins and Roberts, 
Biochem. J. 1935, 29, 919, where the literature 
is cited) that the kinetics of fermentation by 
living yeast are precisely similar to those of an 
enzyme reaction. With low concentrations of 
sugar and relatively high concentrations of yeast 
(0*04-0*07% glucose and 5-4 g. pressed yeast 
per 100 e.c. at 30°) a imimolccular reaction 
occurs. When relatively low concentrations of 
yeast arc used (as in Slator’s experiments), the 
enz^’^mo becomes saturated and the fermentation 
rate remains constant over a long range of 
substrate concentration. Intermediate con¬ 
ditions, as in the experiments of Nord and 
Weichherz (Z. Elektrochem. 1929, 36, 612), 
result in a maximum rate followed by a decline. 

The rate increases with the temperature, but 
the temperature coefficient diminishes as the 
temperature increases. The following values 
were obtained by Slator for glucose; they are 
independent of the concentration of yeast and 
glucose, the class of yeast and presence or 
absence of nutrient materials, and remained 
the same when inhibiting agents are present: 


Temp. 


5° 

5-6 

10 ° 

3-8 

15° 

2-8 

20 ° 

2-25 

25° 

1-95 

30° 

1-6 


The temperature coefficient for an ordinary 
chemical reaction is of the same order as these 
numbers, viz. 2-3 for 10°. Slightly higher 
coefficients were obtained by HopMns and 
Roberts (Biochem. J. 1936, 29, 2486). 
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At iDoderate concentrations glucose and 
fructose are fermented at the same rate, and 
this is also the case when the fermenting power 
of the yeast is partly destroyed by beat, 
antiseptics, etc. On the other hand, mannose 
and galactose may be fermented at a rate 
difierent from that of glucose, and the rates are 
differently affected by inhibiting agents. The 
temperature coefficients for fructose and man 
nose are the same as for glucose, that for 
galactose is slightly less. 

Whilst, as just stated, fructose is fermented 
by most yeasts at approximately the same rate 
as glucose at concentrations of about at 

low concentrations fructose is fermented much 
more slowly than glucose (Hopkins and Roberts, 
Biochem. J. 1935, 29, 931), and it has been cal 
culated that the dissociation constant (K^) of 
the compound of enzyme and sugar is O-OlOb 
for glucose and 0*0225 for fructf)se. This has 
an important bearing on the remarkable fact 
that many yeasts which ferment glucose and 
fructose at approximately the same rate, never¬ 
theless remove glucose more rapidly than fruc¬ 
tose from a mixture of equal parts of the two 
{see 8obotka and Reiner, ibid. 1930, 24, 92b, 
where the literature is cited and discussed). 
On the other hand yeasts have been described 
especially Sauterne yeasts {see Sobotka and 
Reiner, ibid. 1930, 24, 1783) which ferment 
fructose 50-100% more rapidly than glucose at 
all concentrations and also remove fructose 
more rapidly than glucose (or mannose) from 
mixtures of e(|ual parts of the two. This pr(>perty 
is exj)re8sed by a selectivity factor. Tlius for 
glucose and fructose 

hiy^-^ln y 

lnz^~lnz 

where and are the initial concentrations of 
the sugars and y, z the concentrations at any 
given time. This factor according to Hopkins 
and Roberts is closely related to the ratio of 
the dissociation constants of the compounds 
of the enzyme with the sugars in question. 

Hopkins and Roberts consider that the actual 
substance fermented is, in the case of glucose, 
a form of the sugar intermediate between the 
a- and /S-forms {ibid. Jl93b, 80, 7b), and in the 
case of fructose one component of the aj3- 
equilibrium mixture, the limiting rate being 
that at which this form can be restored by 
mutarotation of the other form {ibid. 1935, 29, 
2486). 

The Factor Z .—Extracts which greatly in¬ 
crease (two or three times) the rate of fermenta¬ 
tion of sugars by living yeast (but have no effect 
on that of dried yeast) have been obtained by 
von Euler and his colleagues {see von Euler and 
Larsson, Z. physiol. Chem. 1934,223,189, where 
the earlier literature is cited) from yeast itself 
and from many plants and animal organs. The 
active substance (Factor Z) is thermostable 
and relatively resistant to oxidation. It is 
probably identical with the Bios II of Lucas 
(J. Physical Chem. 1924, 28, 1180; v. Vol. I, 
6925). 

3. Heat of Fermentation. —During the fer¬ 
mentation of sugar by yeast, a considerable 
amount of heat is evolved, so that the tempera-1 


ture of the mass rises as the fermentation pro¬ 
ceeds. The quantity of heat evolved may be 
calculated from the difference between the h<^at 
of combustion of glucose (673-7 kg.-cal.) and 
that of the alcohol formed from it {li ^ 325 7 
-=b5l-4 kg.-cal.), the remaining product, the 
carbon dioxide, being completely oxidised. 
This difference amounts to 22-3 kg.-cal., so 
that the fermcntati(m of 180 g. of glucose 
lilK^rates enoiigh heat to rai.se the tem])erature 
of 22 litres of water 1°. This thcoreti(;al number 
has been confirmed by the (‘xperiments of 
Bouffard (Compt. rend. 1895, 121, 357), who 
obtained the value 23-5 kg.-cal. In the fermen¬ 
tation of a disa(a*haride, heat is also ev olved by 
the hydrolysis to the simple sugars; but this is 
so small in amount, 4-5 kg.-cal. for cane sugar 
and 3-8 kg.-cal. for maltose (Herzog, Z. physiol. 
Chem. 1903, 37, 383), that the numbers aiitually 
observed for these sugars per gram-molecule are 
approximately twice that for glucose (Rubncj-, 
Arch. Hyg. Bakt. 1904, 48, 260; 49, 355; 
A. J. Brown, J. Inst. Hrew. 1901, 7, 93). 

4. Pttoi)i7CT.s OK Fermentation. —The earlier 
observers (Lavoisier, Gay-Lussac) considered 
that in the process of fermentation tlu* sugar was 
completely decomposed into carbon dioxide and 
alcohol, according to the e(jnation : 

CeH,20e-2C0,+ 2C,H,0 

Schmidt, in 1847, however, observed the 
occurrence of succinic aciil in all fermented 
liquors, and the amount of this substance 
formed was carefully <‘stimated by Pasteur who 
also made the important observation that- 
glycerol was an invariable }>roduct of the ft‘rmen- 
tation of sugar (Com])t. rend, 1858, 46, 857). 
According to Pasteur (Ann. C^iim. IMiys. 1860, 
(iiij, 58, 323), the products from 100 parts of 
(Jane sugar, which yield 105*36 parts of in\crt 
sugar, are: 


Alcohol . . . , 

. . . . 51-00 

Carbon dioxide . 

. . . . 49-11 

Succiniit acid. 

. . . . 0-65 

Glycerol . 

. . . . 3-40 

Cellulose, fat, and 

extractive 

matter . 

. . . . 1-30 


105-46 


The proportions of these prodinds were sub¬ 
sequently found to be variable and to depend 
on the condition of the yeast, the nature of the 
nutrient material, etc. Many other subsidiary 
products have now been recognised in addition 
to succinic acid and glycerol. Among these 
may bo mentioned wobutyloneglycol (in wine 
and cherry brandy), formic acid, acetic acid, 
propionic aidd, butyric acid, and several still 
higher acids, (hexoic, octoic, pelargonic, decylic, 
ocnanthylic), which occur as esters, and form¬ 
aldehyde, acetaldehyde, and traces of higher 
aldehydes, propyl alcohol, n-butyl alchol, iso- 
butyl alcohol, see butyl alcohol, 7i-amyl alcohol, 
f>oamyl alcohol, and alcohols containing 6, 7 
and 9 carbon atoms. 

The alcohols and aldehydes mentioned above 
are found in the spirit obtained by the distilla¬ 
tion of the fermented liquids. All such spirit 
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yields a fraction of higli boiling-point, which 
ainoiints to 01“0'7% of tho whole, and is 
known as fusel oil {q>v.). The discussion which 
had long raged over the origin of this fusel f)il 
was set at rest by the researches of Ehrlich 
(Z. Ver. Rubenzuck.-Ind. 1905, 539; Biochem. 
Z. 1906, 2, 52; 1909, 18, 391; Ber. 1906, 39, 
4072 ; and many other papers), who has proved 
in the most conclusive manner that the higher 
alcohols and the eorresijonding acids and alde¬ 
hydes which are observed in fermented liquids 
are formed by the yeast, not from the sugar, 
but from the amino-acids produced by the 
hydrolysis of the proteins of the medium and 
of the yeast cell itself. 

The reaction is a general one, and requires 
the presenc e of living yeast and sugar as well 
as the amino-acid. In these circumstances, the 
yeast not only l“ermerits the sugar to alcohol 
and carbon dioxide in tho usual way, but also 
brings about what Ehrlich terms the alcoholic 
fermentation of the amino-acids, according to 
the equation : 

RCH(NH2)C00H-i-H20 

= R CH2 OH4 NH3 } CO2 

The ammonia appears to be invariably 
assimilated by the yeast and is not found in the 
medium. This fac't probably affords the key 
to the biological significance of the reaction. 
It is by means of this change that the yeast 
acquires from the araino-acids, which are 
usually the chief available source of this element, 
the niti'ogen necessary for its existence. The 
whole (diange is rendered possible by the 
utilisation of some of the energy evolved by 
the fermentation of sugar, which is proceeding 
simultaneously. Ehrlich has shown, by careful 
experiments, that in this way leucine 

(CH3)2CHCH2CH(NH2)C00H 

yields isoamyl alcohol 

(CHalgCHCHa-CHjOH, 

and /soleiicine 

C2H3CH(CH3)CH(NH2)C00H 

yields d-amyl alcohol CgHg-CH (CH 3 )CH 2 ’OH, 
which are the main constituents of fusel oil. 

The other amino-acids yield corresponding 
products, tyrosine 

OH CeH4 CH2 CH(NH2)COOH 

being converted into p-hydroxyphenylethyl 
alcohol or tyrosol HO-CeH 4 -CH 2 CH 2 -OH, a 
substance of intensely bitter taste, and phenyl¬ 
alanine C 6 H 5 CH 2 CH(NH 2 )C 00 H into 
phenylethyl alcohol CgHg-CHa-CHj-OH, one 
of the chief constituents of oil of roses. Valine 
yields »«obutyl alcohol, and arginine a mixture 
of l:4-butyleneglycol and succinic acid (Thome). 
These changes take place under practical 
brewing conditions (Thorne, J. Inst. Brew. 1937, 
48, 288), and it is almost certain that many 
of the substances which impart flavour, bouquet 
and aroma to fermented liquors have their 
origin in this manner, so that the subject is one 
of fundamental importance for the technologist. 

Succinic acid is also formed by a reaction of 
this kind, which differs from the foregoing in so 


far as it involves an oxidation. The source of 
this substance is glutamic acid which, instead 
of yielding y-hydroxybutyric acid, as might 
have been expected, is converted into succinic 
acid 

C00HCH2CH2CH(NH2)C00H+20 

= COOH CHa CHg COOH fCOg f NH3 

Yeast is, moreover, not only capable of pro¬ 
ducing these changes in amino-acids naturally 
present in the medium or purposely added to it, 
but also decomposes in a similar manner the 
amino-acids formed by the hydrolysis of its 
own protein. »Some of the cells evidently 
utilise the products of the autolysis of others 
which have died, and hence it comes about that 
even when a pure sugar solution is fermented by 
pure washed yeast, the fermented liquid con¬ 
tains a certain small proportion of fusel oil, 
succinic acid, etc. The amounts produced 
in these circumstances are, however, small, 
as they are also when the yeast is grown in 
presence of ammonium salts. Many of the 
products {e.g. tyrosol) have a strongly inhibitory 
effect on yeast growth and a smaller effect on 
fermentation (Thorne, ibid. 1939, 45, 13). 

During the fermentation of sugar yeast 
excretes nitrogenous substances the greater 
part of which is not in the form of amino-acids 
(Lampitt, Biochem. J. 1919,18,459; Thome, 
J. Inst. Brew. 1933, 39, 608; Ivanov and 
Krupkina, Biochem Z. 1929, 212, 255). 

It seems probable, from the experiments of 
Neubauer and Fromherz (Z. physiol. Chem. 
1911, 70, 326), that the amino-acid (1) first 
undergoes indirect oxidation to the correspond¬ 
ing ketonic acid (III) and ammonia, and that 
this acid is then decomposed by the yeast, 
forming carbon dioxide and an aldehyde (IV), 
which then either undergoes reduction to an 
alcohol {e.g. fusel oil) or oxidation to an acid 
{e.g. succinic acid). 

R R R R 

9 <nh, 9< nh , 90 CHO 

COOH COOH COOH 

1. 11. III. IV. 

It is interesting to note that the reaction 
proceeds asymmetrically. 

It has now been proved by Neuberg and his 
colleagues (v. post) that the glycerol, which is 
invariably formed during fermentation, is 
derived from the sugar and, unlike the substances 
discussed above, is also produced by yeast juice 
and zymin in the absence of living yeast. 

5. Ratio of Alcohol to Carbon Dioxide. 
All these decompositions have an influence on the 
ratio of alcohol to carbon dioxide produced by 
alcoholic fermentation. The theoretical ratio 
is 46/44=1*045, and Pasteur, as quoted above, 
actually found 51*00 parts of alcohol to 49*11 of 
carbon dioxide from 100 of cane sugar. He, 
however, considered that succinic acid and 
glycerol were formed according to the equation ; 

49CeHi2O6+30H2O 

=12C4HeO4-f72C3H8O3+30COj 

and therefore ascribed 0*61 of carbon dioxide to 
the fermentation which had produced 0*66 of 
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succinic acid, thus leaving 48-50 of carbon 
dioxide as the product of the true alcoholic 
fermentation, the corrected ratio being thus 
51-00/48-50=l-051. Similar results were ob* 
tained by Jodlbauer (Z. Ver. Rubenzuck.-Ind. 
1888, 308), who found that cane sugar yielded 
49*04% of carbon dioxide. 

Buchner and Meisenheimcr (Bcr. 1910, 43, 
1773), working with pure yeast (Race 792 of the 
Berlin Collection), obtained 49*73% of the cane 
sugar as alcohol,and 49*12% as carbon dioxide; 
the ratio being 1*01. They ascribe this excess 
of carbon dioxide to the oxidation corresponding 
to the production of glycerol, the amount of 
which was not estimated. In spite of the fact 
that no nitrogenous material was added to the 
medium, the carbon dioxide and alcohol only 
represent 98-85 parts of the 105-36 of invert 
sugar to be accounted for, so that 6-51 parts had 
undergone some other change. Any ea,rbon 
dioxide formed from amino-acids produced by 
autolysis would be included in the amount 
found. 

6. Formation of Glycogen : Autofer¬ 
mentation OF Yeast. Yeast very readily con¬ 
verts a portion of the carbohydrate present in 
the medium into glycogen (CgHjQOg,)^ which is 
stored in the cell (see Harden and Young, J.C.S. 
1902, 81, 1224, where the literature is cited). 

This material acts as a reserve carbohydrate, 
and, when the yeast is preserved in absence of 
sugar solution, is slowly fermented into alcohol 
and carbon dioxide : this phenomenon is known 
as the autofermentation of yeast. As yeast 
may contain as much as 30-40% of its dry 
weight of glycogen, it follows that a very 
considerable amount of carbon dioxide and 
alcohol may be produced from yeast alone. The 
autofermentation proceeds more rapidly at high 
temperatures (Harden and Rowland, J.C.S. 
1901, 79, 1227), and is greatly accelerated by 
the addition of many salts (Harden and Paine, 
Chem. Soc. Proc. 1911,103) and of toluene. The 
conditions of formation of glycogen have been 
investigated quantitatively by Pavy and By¬ 
waters (J. Physiol. 1907, 36, 149), and micro¬ 
scopically by Wager and Peniston (Ann. Bot. 
1910, 24, 46; Wager, J. Inst. Brew. 1911, 17, 2). 

The Alcoholic Enzyme of Yeast. 

Up to 1897 all attempts to isolate from a yeast 
an enzyme capable of producing alcoholic fer¬ 
mentation had failed. It had early been shown, 
at first by Mitscherlich (1841) and then by 
Helmholtz, that the process of fermentation in 
all probability took place within the cell, and the 
efforts of later investigators had been rightly 
directed towards the extraction of an enzyme by 
some process of disintegration or treatment with 
solvents. AH such efforts were, however, made 
in vain, as were also attempts to extract the 
enzyme by freezing or plasmolysis, the products 
obtained being either inactive or owing what 
activity they possessed to the presence of un¬ 
broken yeast cells or bacteria (F. von Liiders- 
dorff, Schmidt, Pasteur, Marie von Manassein, 
Adolf Mayer, Nftgeli and Loew). A slight modifi¬ 
cation of the grinding processes which had been 
used by several of these authors, led, however, to 
success. Hans and Eduaj^ Buchner applied to 


yeast the process of grinding with sand which 
they had previously employed successfully for 
bacteria. By adding kieselguhr, at the sugges¬ 
tion of Hahn, to the pasty mass obtained, and 
submitting the mixture to a high pressure, they 
obtained a clear liquid which was capable of 
fermenting sugar (Buchner, Ber. 1897, 30, 117). 

The Nature of the Active Agent in 
Yeast Juice. —Buchner at once established the 
facts that the yeast juice, prepared as described, 
was capable in the absence of yeast cells of pro¬ 
ducing alcoholic fermentation, and that this 
property was still retained after the addition 
of chloroform, benzene or sodium arsenite, by 
precipitation with alcohol, by evaporation to 
dryness at 30-35*^, or by filtration through a 
Berkefeldt candle, whereas it was completely 
destroyed at 50". Ho therefore concluded that 
the fermentative power of the juice was due to a 
dissolved substance of the nature of an enzyme 
to which he gave the name of zynuise. Several 
of the properties of this liquid, however, sug¬ 
gested to various investigators that it did not 
contain an enzyme of the ordinary kind, but 
rather fragments of the living protoplasm of the 
yeast, which retained for some time the functions 
which they had possessed in the cell. This idea 
was in harmony with the facts that the fer¬ 
menting powt r of the juice was rapidly lost on 
preservation, and that comparatively large 
amounts of certain antiseptics did undoubtedly 
greatly diminish its activity. Other objections, 
founded on the behaviour of the juice on dilu¬ 
tion, etc., proved not to be well founded. 
Further experience of the nature of yeast juice 
has shown that this idea, has little to recommend 
it, and there seems at present no reaHf)n to doubt 
the existence of this enzyme in yeast juice. 

Preparation and Properties of Yeast 
Juice. —Fresh brewery yeast is washed and 
pressed out at about 50 kg. per sq. cm. The 
resulting mass, which contains about 70% of 
water, is mixed with an equal weight of sand, 
and from 0-2-0-3 part of kieselguhr, care being 
taken that this is free from acid. The dry 
powder thus formed is then ground in small 
portions at a time in a largo porcelain mortar 
by means of a heavy pestle, until the mass 
becomes pasty, wLic-h occurs after about 1-2 
minutes’ grinding. The grinding may also be 
done in a mixing mill. The paste is then either 
directly pressed out after being wrapped in a 
filter cloth, the pressure being gradually raised 
to 90 kg. per sq. cm. (Buchner), or is mixed with 
more lueselguhr and the dry powder pressed 
out between layers of chain cloth (Macfayden, 
Morris and Rowland). A more active juice is 
usually obtained from English top yeasts if the 
ground mass be kept for 2 hours at air tempera¬ 
ture before it is pressed out (Harden and Henley, 
Biochem. J. 1927, 21, 196). 

The yield of juice obtained from 1,000 g. 
of bottom yeast (Buchner) is about 320-460 
c.c .; that obtained from English top yeasts is 
rather smaUer, averaging 250 c.c. (Harden and 
Young). The product, after any suspended 
yeast cells have been removed by filtration or 
centrifuging, is a slightly viscid, brownish- 
yellow, opalescent, faintly acid liquid of sp.gr. 
1*03-1*06. It contains about 8*5-14% of dis- 
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solved solids, and 0*7-1 *7% of nitrogen, nearly 
all in the form of protein, so that the liquid 
coagulates when heated. The ash amounts to 
1 *4-2% and, like that of yeast, contains a large 
])roportion of phosphoric oxide. 

An active extract, known as maceration 
extract, has been obtained by von Lebedev 
(Compt. rend. 1911,152, 49; Ann. Inst. Pasteur, 
1912, 26, 8 ) by drying yeast at 25-30", and then 
macerating the dried material with 3 parts of 
water for 2 hours at 35". The liquid is then 
filtered or centrifuged and a clear active extract 
is thus obtained. JBottom yeasts in general give 
good results, whereas with some other yeasts, 
and notably with many English top yeasts, the 
process fails. In such cases better results are 
often obtainable by macerating with 0*15J[f 
K 2 HPO 4 or Na 2 HP 04 (Hagglund and Rosen- 
qvist, Biochem. Z. 1927, 180, 01). The ^'cast 
in use in Stockholm also yields a J^rcbedev extract 
which has very feeble fermenting powers (von 
Euler and Adler, Z. physiol. Chem. 1934, 226, 
200). The extract closely resembles yeast juice 
obtained by grinding, but usually contains a 
larger amount of inorganic phosphate and a 
much smaller amount of glycogen, and often 
shows a long period of induction before the 
fermentation of added sugar begins. 

When the juice is preserved, the protein 
becomes hydrolysed owing to the presence of a 
powerful proteolytic enzyme. At the same time, 
the power of producing alcoholic fermentation 
is lost, and it seems probable that this is due 
to the action of the proteolytic enzyme on the 
enzymes of fermentation (Buchner). When 
excess of sugar is added and the mixture in¬ 
cubated at 25", a steady fermentation ensues, 
(tarbon dioxide being evolved and alcohol pro- 
du(;ed iii nearly the theoretical ratio, at a rate 
which gradually decreases until the process stops, 
after 72-90 hours, not from exhaustion of the 
sugar, but owing to the destruction of the active 
agent of fermentation. In some cases (juice 
from bottom yeasts) the co-zymase (p. 15) is 
destroyed before the apo-enzyme and renewed 
fermentation occurs when eo-zymasc is added. 
The juice from bottom yeasts appears to be more 
stable and to produce a somewhat greater total 
fermentation than that from top yeasts, 25 c.c. 
of jui<*e producing on the average at 25" an 
evolution of about 1 - 1*6 grams of carbon 
dioxide in the case of bottom yeast, and 0*5-1 g. 
in the tase of top yeast. 

The juice ferments those sugars which are 
fermentable by the yeast from which it is pre¬ 
pared and, in addition, dextrin, soluble starch, 
and glycjogen, the first of which is only slowly 
and imperfectly fermented by yeast, and the 
last two not at all, as already explained. Malt¬ 
ose and cane sugar are hydrolysed before being 
fermented, and the fermentation proceeds as 
with the simple sugars, glucose, fructose, and 
mannose. Slight differences l)etween the rates 
of fermentation and the total fermentations 
produced with these three sugars, have l)een 
observed by Harden and Young. A yeast, 
which ferments galactose, yields a juice which 
also ferments this sugar, but the action is often 
much less pronounced relatively to that on 
glucose than is that of the living yeast (Harden 


and Norris; , 9 ce Grant, Biochem. .1. 1939 
29, 1661). 

Yeast juice, like living yeast, exhibits the 
phenomenon of autofermentation, which is 
carried out at the expense of the glycogen 
present. A diastatic enzyme, capable of hy¬ 
drolysing glycogen, exists in the juice {glyco- 
(jenase), but it seems probable {see heloio) that the 
glycogen is fermented without preliminary 
hydrolysis to glucose. Added glycogen is also 
I fermented, but usually at a lower rate and with 
a smaller total yield of gas than glucose. The 
autofermentation of the juic;e from top yeast is 
often very considerable in amount, and may even 
occasionally equal that produced with glucose, 
whilst it is less pronounced with juice from 
bottom yeast. Maceration juice is almost free 
from autofermentation {see Oppenheimer, Z. 
physiol. Chem. 1914, 89, 63). 

The rate of fermenlatkm of sugar varies with 
the concentration of the sugar in the manner 
characteristic of enzymes, and in this respect 
the juice closely resembles living yeast. After 
a certain small limit of (soncentration is attained, 
the initial rate is practically independ(mt of the 
con(*cntration of the sugar, but decreases 
slightly as this increases. The gradual destruc¬ 
tion of the enzymes produces a gradual fall in 
rate which simulates the course of a iini- 
molecular reaction, and has been regarded by 
some investigators as evidence that the reaction 
is of this type (von Euler, itnd. 1905, 44, 53). In¬ 
creased concentration of the sugar also increases 
both the duration of fermentation and the total 
fermentation, probably owing to a protective 
action on the fermenting mechanism. The 
rate of fermentation is diminished by dilution, 
and, with juice of high fermenting power, is 
probably proportional to the con(;entration of 
juice. The total fermentation produced is, 
at the same time, slightly diminished. 

Accompanying the decomposition of the 
sugar into carbon dioxide and alcohol, a syn¬ 
thetic action proceeds, by which a portion of the 
glucose is converted into a polysaccharide, which 
is reconverted into glucose by hydrolysis with 
acid {see Naganishi, Biochem. J. 1926, 20, 
856). Hence the observed loss of sugar as esti¬ 
mated by reducing power is usually considerably 
greater than the sum of the weights of alcohol 
and carbon dioxide produced. (This pheno¬ 
menon is, however, differently interpreted by 
von Euler; see Harden and Young, ibid. 1913, 7, 
630, where the subject is discussed.) The 
exact nature of this complex saccharide has not 
yet been determined, but observations by 
Cremer (Ber. 1899, 32, 2062) point to the 
possibility of the synthetic; production of glycogen 
in yeast juice. As already mentioned, succinic 
acid and fusel oil are not formed by yeast juice, 
whereas glycerol is procluced to the extent of 
about 3*8% of the sugar fermented. 

The action of antiseptics on yeast juice has 
been investigated in some detail. Saturation 
with chloroform or toluene or the addition of 
1% of thymol has practically no effect, whilst 
the inhibiting action of substances like phenol, 
formaldehyde, benzoic acid and salicylic acid 
is very small in 0*1% solution, more considerable 
in more concentrated eolutipnsr The fermenting 
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power is destroyed by 4% cldoral, 12% phenol, 
2% sodium fluoride, 0*55% ammonium fluoride, 
or 1*2% hydrocyanic acid; but in this last ( ase 
it is restored when the hydrocyanic acid is 
removed by a current of air. The action of 
potassium arscnite is somewhat complex, and is 
treated later. 

Fermentation by Dry Freparations of 
Yeast and Yeast Juice. Yeast juice can be 
evaporated to dryness at 37*^ without loss of 
fermenting power as measured by the total 
fermentation produced. When the juice is 
brought into 10 vol. of acetone and rapidly 
drained, washed with ether, and dried, a white 
powder is obtained which is almost completely 
soluble in dilute glycerol, and retains the fer¬ 
menting power of the original juice. Dry 
preparations can also be obtained from yeast 
without any previous grinding, either by drying 
the yeast in air, preferably at 37"", or by treating 
it twice with a large volume of acetone (or alcohol 
and ether), washing with ether and drying. The 
material prepared in the latter way amounts to 
about 30% of the pressed yeast taken, and 
is known as acetone yeast, permanent yeast 
(Dauerkefe) or zymm^ and is almost anhydrous, 
sterile and quite inca})able of growth, but 
readily produces alcoholic fermentation when 
brought into sugar solution. The general 
phenomena of fermentation by its means are 
the same as are produced by yeast juice. Both 
the total fermentation and the rate of ferrmuita- 
tion are 4-6 times greater than would be 
obtained with the yeast jui(!e prepared from the 
same weight of yeast. 

The Conditions of Action of the Fer¬ 
menting Agent Contained in Yeast Juice.— 
The investigation of the mode of a(;tion of 
yeast juice on sugar has shown that tlie process 
is very complex. A number of enzymes arc 
concerned, some of which are readily dissociable 
into therraolabile apo-enzymes and thermostable 
co-enzymes, the presence of both of which is 
essential for the production of fermentation, 
and moreover, the chemical change is not a 
simple decomposition of sugar, a<;cording to 
Cay-Lussac’s equation, but a complicated re¬ 
action in which hexose esters of phosphoric 
acid take part (Harden and Young, Proc. Roy. 
Soc. B. 1906, 77, 405; 78, 369; 1908, 80, 299; 
1909, 81, 336; 1910, 82, 321), and in which a 
number of phosphorylated 3-carbon compounds 
are formed as intermediaries. 

The Co-enzymes of Alcoholic 
Fermentation, 

I. Co-zymase (Co-dehydrogenase I). 

When yeast juice is passed under pressure 
through a Martin filter, which consists of a 
Chamberland filtering candle impregnated with 
7-10% gelatin, aU the colloidal matter of the | 
juice is retained on the filter, whilst the dialys- | 
able substances pass through. When these two : 
portions, the residue and the filtrate, are! 
separately incubated with sugar solution, it is 
found that neither of them is capable of pro¬ 
ducing fermentation. When, however, the two 
solutions are mixed, fermentation proceeds at 
almost the same rate as with the original yeast 


juice (Harden and Young, J. Physiol. 1905, 32, 
Proc. of 12.11.1904; Proc. Roy. Soc. B. 1906, 
78, 369), Wast juice, therefore, contains a 
dialysable substance essential for the prot^css of 
fermentation, and this was provisionally termed 
the co-enzyme or co-ferracnt, and was subse¬ 
quently known as co-zymaHC (H. von Euler 
and K. Myrback, Z. physiol. Chem. 1923, 
131, 179). It is also present in zymin, from 
which it can be removed by washing with water, 
an inactive residue being left {see lately p. 18). 

Little progress was at first made in our 
knowledge of the nature and functions of 
co-zymase and for many years almost the only 
facts known about it were that it was thermo¬ 
stable and dialysable, that it was destroyed by 
hydrolysis (acid or alkaline) and gradually 
disappeared from fermenting yeast juic^e, and 
that it was not precipitated by normal lead 
acetate. In 1918 Meyerhof made the important 
observation that co-zymase was also present in 
animal tissues (Z. physiol. Chem. 1918, 101, 
165; 102, 1), which was the first stop towards 
the discovery that the process of lactic acid 
formation from carbohydrate in muscle is 
chemically closely analogous to tlie fermentation 
of sugar by yeast {see later). 

The idea that co-enzymes were ne(;essary for 
the reducing action of yeast and its preparations 
was early mooted by von LcIkhIcv and (^raiznov 
(Ber. 1912, 45, 3256), and was subsequently 
supported by von EuUt and his colleagues, who 
also thought that a co-enzyme was concerned in 
the esterification of phosphoric acid {see von 
Euler and Myrback, Z. j)hysiol. (fiiem. 1924, 139, 
15; 1927, 165, 28). These ideas are now giuierally 
accepted {see Harden, “ Alcoholic Fermentation,” 
Longmans Green, 4th ed., 1932, for a more 
detailed discussion of these earl^^ theories). 

The co-zymasc of alcoholic fermentation has 
now been prepared from yeast in a condition 
approaching purity by von Euler {see von Eulcu-, 
Albers and »Schlenk, Z. physiol. Chem. 1930, 240, 
113 ; vcm Euler and Schlenk, ibid. 1937, 246. 04), 
who with his colleagues has published a long 
series of papers on the subject commencing in 
1924 {see tlie articles “ Cozymase,” by Myrback 
in Fermcntforsch. 1935, 2, 139, and by von 
Euler in Ergebn. Physiol. 19.36, 38, 1). It has 
also been prepared from red blood corpuscles by 
a different method by Warburg and Christian 
(Biochem. Z. 1936, 285, 56; 287, 291) and its 
function in fermentation has been to a con¬ 
siderable extent established. The attainment 
of this result has been greatly aided by the 
discovery of a second co-enzyme (Co-dehydro¬ 
genase II) by Warburg and Christian (Biochem. 
Z. 1931, 242, 206), which was originally pre¬ 
pared from the red blood corpuscles of the horse. 
It also occurs iu yeast, hut as far as is known, 
plays no direct part in alcoholic fermentation 
{see later under “ Phosphorylation by Co-zy¬ 
mase,” p. 39). 

This compound, w hich is spccilically necessary 
for the dehydrogenation of hexosemono- 
phosphate by yeast preparations with pro¬ 
duction of aphosphohexonic acid, was recognised 
(Warburg, Christian and Griese, Biochem. Z. 
1935, 282, 167) as a triphosphodinucleotide 
derived from adenine, the amide of nicotinic 
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acid and two niolecules of riboee. Its function 
EH a co-deh^ydrogenase was traced to the fact 
that the pyridine ring of the nicotinamide 
residue is capable of combining reversibly with 
two atoms of hydrogen. 

Co-zymase was shortly after this recognised 
as a closely allied substance, a diphospho- 
diniicleotidc also derived from adenine, nicotina¬ 
mide and ribosc (von Euler, Albers and Schlenk, 
Z. physiol. Chem. 1935, 237, 1 ; Warburg and 
Christian, Biochem. Z. 1936, 287, 291). von Euler 
terms these two co-enzymes, co-dehydrogenase 1 
(co-zymase) and co-dehydrogenase 11 (Warburg’s 
co-enzyme). Warburg terms them diphospho- 
pyridinenucleotide (co-zymase) and triphospho- 
pyridinenucleotido (Warburg’s co-enzyme). 
Adenylpyrophosphate (adenosine triphosphate) 
which was early recognised as the co-enzyme of 
lactic acid formation in muscle, also occurs in 
yeast (see p. 35), and is capable of playing a 
part in some of the stages of alcoholic fermenta¬ 
tion in which phosphorylation and dephosphor}^- 
lation occur, but cannot activate fermentation 
in the absence of co-zymase. 

PllEPARATlON OF Co-ZYMASE FROM YeAST 
Extract. —The following scheme indicates the 
stages by which co-zymase is obtained from 
yeast extract (von Euler, Albers and Schlenk, Z. 
physiol. Chem. 1936, 240, 113; von Euler and 
Schlenk, iOid. 1937, 246, 64). 

The aettivity of the preparation (ACo) is 
given by the c.c. of COg per gram of added 
co-zymase preparation which is evolved under 
fixed conditions from a mixture of washed 
dried yeast (apo-zymase), sugar, phosphate and 
hexosediphosphate, the unit (Oo) being that 
weight of co-zymase which produces an evolution 
of 1 c.c. per hour. 



Yield in 
Co. 

Average 

activity 

ACo. 

(a) Hot water extract 



from 10 kg. baker’s 
yeast .... 

1,500,000 

500 

(b) Lead acetate fil¬ 
trate from (a) 

1,350,000 

5,000 

(c) HgNOg ppt. from 
( 6 ), decomposed 
with H28 . 

675,000 

10,000 

(d) Phosphotungstic 
acid ppt. from (c), 
decomposed with 
H28O4, amyl- 

alcohol and ether . 

435,000 

36,000 

(e) Ammoniacal AgNOg 
ppt. from (d), de¬ 
composed with 

H2S . . . . 

429,000 

100,000 

(/) Cuprous salt from 
(e), decomposed 
with H 28 , co¬ 
zymase ppted. with 
alcohol 

360,000 

400,000 


The product thus obtained possessed the 
power of acting both as a co-phosphorylase and 
as a co-dehydrogenase and was found to contain 


adenylic acid and other impurities. It is best 
freed from these by successive treatments with 
baryta and lead acetate, followed by precipita¬ 
tion from concentrated solution by alcohol. 
1 g. of the ACo 400,000 product thus yields 
0-25 g. of ACo 660,000, which no longer acts as 
a co-phosphorylasc when tested in the ordinary 
way (see later “ Phosphorylation by Co-zymase,” 
p. 38), but retains the properties of a co- 
dehydrogenase. In contrast with this 1,000 litres 
of horse blood yield by the method of Warburg 
and Christian 0*93 g. co-zyraase, 1*13 g. co¬ 
dehydrogenase II and 5 g. adenylpyrophosphate. 

Reduction of Co-zvmase. —The pyridine 
ring present as nicotinamide in codehydro- 
genase 1 and 11 readily takes up hydrogen 
un<ler various conditions :— 

1. Reversible Combination with 2 Atoms of 
Hydrogen. —The chemistry of this process was 
first worked out for co-dehydrogenaso 11 
(Warburg, Christian and Griese, Biochem. Z. 

1935, 279, 143; 282, 157), and it has since 
been found that similar conditions apply to co- 
dchydrogonase I (Warburg and Christian, ibid.^ 

1936, 285, 156; 286, 811; 287, 291; Adler, 
Hellstrom and von Euler, Z. physiol. Chem. 
242, 225 ; von Euler, Adler and Hellstrom, ibid. 
1936, 241, 239; Svensk Kern. Tidskr. 1936, 47, 
290). 

(a) Beductiori by Hyposulphite (hydrosulphite, 
N 328204 ).—The pyridinenucleotides take up 
2 atoms of hydrogen when they are treated 
with N 338204 at neutral reaction. 

CVf N328204-|-2H20 -CoH2+2N3H803 

As this reaction results in the production of 
acid it can be used in the presence of N 3 HCO 3 
for the manometric estimation of the degree 
and capacity of hydrogenation of the co-enzyme 
(Warburg, Christian and Griese, l.c.). 

The resulting compound (CoHg) is identical 
with that obtained enzymically (see later) and 
is stable in the air, so that when the N 3 H 8 O 3 
is oxidised by a current of air the CoH^ remains 
almost unchanged, but undergoes a slow re¬ 
oxidation at a rate dependent on the pjf. The 
two hydrogen atoms are, however, rapidly 
removed when the C’oH 2 (however prepared) 
is exposed to oxygen and a suitable oxygen 
carrier (see later^ p. 34). 

An unstable yellow intermediate compound, 
probably monohydro-co-zymase (Hellstrom, 
Z. physiol. Chem. 1937, 246, 166), is formed 
during the reduction of co-zymase by N 3282 O 4 . 
It is only stable in alkaline solution and is 
much more readily oxidised than C 0 H 2 (Adler, 
Hellstrom and von Euler, Z. physiol. Chem. 1936, 
242, 226). 

(b) Enzymic Reduction, —Co-zymase can be 
reduced enzymically in several different re¬ 
actions : (a) the dehydrogenation of alcohol; 
(b) the dehydrogenation of phosphotriose 
(von Euler, Adler and HellstrSm, Z. physiol. 
Chem. 1936, 241, 239); (c) the dehydrogenation 
of hexosemonophosphate, with indirect pro¬ 
duction of pyruvic acid (Warburg and Christian, 
Biochem. Z. 1936, 287, 291); (d) the dehydro¬ 
genation of lactic acid (Meyerhof and Ohlmeyer, 
Naturwiss. 1936, 24, 741; von Euler, et al. 
Arkiv. Kemi, Min., Geol. 1936, 128, Nos. 24 and 
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25) provided that in all cases the proper “apo-de- 
hydrogenase ” is present. The mechanism of 
these changes is discussed later on (p, 33). 

2. Irreversible Reduction by Hydrogen in 
Presence of Platinum. —^At 9*4 Co 11, when 
treated with platinum and hydrogen, takes up 
190 cu.-mm. of Hg per mg. corresponding with 
6 atoms of hydrogen for each nicotinamide 
group. Similarly the reversibly reduced com¬ 
pound takes up 4 atoms of hydrogen and these 
phenomena may be utilised for estimating the 
amount of nicotinamide present (Warburg, 
Christian and Griese, 1935, loc. cU.). The fully 
reduced compound is not oxidised by oxygen in 
j)resence of the yellow enzyme (Hellstrom, v. s.). 

Co I behaves in this respect in a precisely 
similar manner to Co II. 

Constitution of Co-zymase and 1)i- 
HYDRO-co-ZYMASE. — (1 ) Empirical Formula from 
Acid Hydrolysis. —Acid hydrolysis of co- 
zymase (von Euler, Albers and Schlenk, l.c .; 
cf. Warburg and Christian, Biochem. Z. 1930, 
287, 21) yields 1 mol. adenine, 1 mol. nicotin¬ 
amide and 2 mols. ribose-S-phosphoric acid 
(von Euler, Karrer and Beck, Helv. chim. Acta, 
1936, 19, 1060), the condensation of which with 
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Joss of 5 mol. water leads to the empirical 
formula C 21 H 27 OJ 4 N 7 P 2 , which has been 
substantiated by elementary analysis (von 
Euler and Schlenk, Svensk Kern. Tidskr. 1936, 
48, 135). 

( 2 ) structural Formula. —The reduction of 
various derivatives of ni(U)tinamide has been 
studied by Karrer et al. (Helv. Chim. Acta, 1936, 
19, 811), with the result that the only one wliich 
was found to behave like co-zymase was the 
quaternary methiodide. The pyridine group of 
co-zymase. 


j|''^iCO-NH2 jj" 

^|C0 NH2 

U 


NMel 

NMe 

therefore probably present 

as a pyridinium 


base. 

In agreement with this result and with the 
results obtained by hydrolysis, the following 
formulai have been proposed ({Schlenk, et al., 
lx.; see also Vestin, 8 ('hlenk and von Euler, 
Ber. 1937, 70 fB], 1369). 


Co-zymase 


H,N- C- iN 

1 I 

N—C CH 



a 


+ 2H 


2H 


CONH, I-o-1 HO OH 1- ^ -1 

L=\ HO OH \ / HO OH I 

C—C-C—t—C—O—P-0—P—O—C-C-C-C-C 

H, H H H 


/ 

H H H H H, 

H H 


H,N-C = N 

I I 

N-C CH 


—N—C-N 


Dihydro-co-zymase 


A(!cording to this eo-zymase is a dinucleotide 
of adenine and nicotinamide, the two mono¬ 
nucleotide groups being united through a pyro- 
phosphoric acid group, the presence of which 
is proved by the production of adenosinedi- 
phosphoric acid by alkaline hydrolysis. 

The carbohydrate portion of the molecule is 
derived from ribo 8 e- 5 -pho 8 phoric acid and in 
the adenine nucleotide this is combined with the 
N -atom in position 9 (^ee Gulland and Holiday, 
J.C.S. 1936, 765). 

Properties of Co-zymase. — (1) Optical Pro- 
perties {see Warburg and Christian, Biochem. Z. 
1936, 286, 81; 287, 291; von Euler, Alder 
and Hellstrom, Z. physiol. Chem. 1936, 241, 
239). 

Both Co I and Co II show an absorption 
band in the ultra-violet at 260 m/i, which is 
due to the adenine and pyridine groups. When 
the CO-dehydrogenases are reduced, either 
chemically or enzymically, this band diminishes 
in intensity and a new band develops at 340 m/x 
which is accompanied by a brilliant white 

VoL. V.—2 


I fluorescence. The spectra of Co I and Co 11 
[are closely similar and the “reduction” band 
has its maximum at the same wave-length 
(340 mp) in both cases. 

(2) Stability to Acid and Alkali. —Whereas 
the unreduced co-dehydrogenases are stable 
in acid and imstable in alkaline solution 
(O'l A-NaOH inactivates them with loss of 
the nicotinamide group in one hour at room 
temperature) the relations arc exactly reversed 
with the reduced compounds. These are stable 
to 0-1 A-NaOH (co-zymase can bo boiled with 
0-1 A-NaOH without undergoing change, 
von Euler), and are to a large extent in¬ 
activated on acidification. 

(3) Products of Alkaline Hydrolysis. —Alkaline 
hydrolysis produces nicotinamide and a number 
of other products (Schlenk, et al. Z. physiol. 
Chem. 1937, 247, 23 ; Vestin and von Euler, ibid. 
1937, 247, 43; Vestin, Schlenk and von Euler, 
Ber. 1937, 70 [B], 1369) from which adenosine- 
diphosphoric acid {see later) has now been 
isolated. This substance is capable of acting 
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as a co-phosphorylase (p. 38) in a similar manner 
to adenylpyrophosphate. 

(4) Electrometric Titration. — When titrated 
eJectrometricalJy oo-zymase behaves as a mono¬ 
basic acid (von Euler and Sehlenk, Z. physiol. 
Chem. 1937, 246, 64). 

(5) Reduction of Alkaline liypoiodite.~~ Co J 
has strong reducing properties. When treated 
witli alkaline hypoiodite it reduces the equivalent 
of 6 atoms of iodine (Myrback, Z. physiol. Chem. 
1935, 242, 225). The nature of this reaction is 
unknown, but it is probably connected with 
oxidation of the nicotinamide group (Karrer, 
Sehlenk and von Euler, Arkiv. Kemi, Min., 
Geol. 1936, 12B, No. 26, 1). 

After being heated with 0 03 A^-NaOH for 
a few minutes it reduces only 2 atoms of iodine. 
This is probably due to the oxidation of an 
aldehyde group unmasked by removal of the 
pyridine group. After acid hydrolysis it 
reduces 4 atoms of iodine, a second aldehyde 
group having been unmasked by removal of the 
adenine group (von Euler and Sehlenk, Svensk 
Kern. Tidskr. 1936, 48, 135). 

Natuhal Occurrence. —It is theoretically 
probable that Co and CoH^ exist together in 
equilibrium in cells and cell preparations and 
their reactions with acids and alkalis have been 
applied to the determination of the proportions 
of the two substances actually present (Adler and 
von Phder, Svensk Kem. Tidskr. 1936,48, 221). 

The principle of the method is that extraction 
with dilute acid gives the unreduced (acid- 
stable) Cot whilst extraction with 0-01 iV- 
alkali gives the reduced (alkali-stable) CoH^. 

Preliminary exi)erimcnt8 indicate that the 
ratio Co/Go H 2 in baker's yeast is about 2, in 
dried bottom yeast 18-19 and in maceration 
extract about 1. 

II. Adenylpyrophosphate (adenosinetri- 
phosphate) and its derivatives.—It was first 
shown by Lohmann (Biochem. Z. 1931, 241, 50) 
that the readily dialysable co-enzyme of lactic 
acid formation in muscle extract consisted of two 
parts; (a) magnesium; (b) adenylpyrophos¬ 

phate. Adenylic acid itself is a nucleotide 
derived from adenine, ribose and phosphoric acid 
and is found in muscle combined with a pyro- 
phosphoric group forming adenylpyrophosphate, 
for which Lohmann suggests the formula 
(Biochem. Z. 1935, 282, 120 ). 


OH OH OH 

I I I 

P O P O P- 

L I, 

Adenine, llibose. Phosphoric Pyrophosphoric 
acid. acid. 


It a(its (in presence of the specific apo-enzyme) 
as a co-phosphorylase by losing PO 4 to some 
acceptor, e.g. glucose or hexosemonophosphate, 
yielding adenylic acid, which recombines with 
the phosphate from some donator, e.g. phospho- 
pyruvic acid. 

1. Adenylpyrophosphate -f- hexosemonophos- 

phosphate ->■ adenylic acid + hexosedi- 
phosphate. 

2. Adenylic acid + phosphopyruvic acid -> 

adenylpyrophosphate -i pyruvic acid. 


Under suitable enzymic conditions only one 
PO 4 group is removed and adenosinediphos- 
phoric acid is formed, which acts as a co-phos- 
phorj^-lase in a similar manner to adenylic acid. 
Adenylic acid (adenosinemonophosphate) may 
also act as a PO 4 donator yielding adenosine, 
which acts as a PO 4 acceptor. The formation 
of these siibstances is discussed later on (p. 37). 

III. Magnesium ions.—Mg++ appears to 
be necessary both for lactic acid formation in 
muscle and for the fermentation of sugar by 
yeast. It cannot be removed from zymin or 
dried yeast by washing with water, which 
removes adenylpyrophosphate and co-zymase, 
but it is removed when the washing is effected 
with KH 2 PO 4 solution. It appears to be 
necessary for phosphorylation but not for the 
action of the dehydrogenases. 

IV. Manganese ions. — Mn^+ appears also 
to be essential either alone or in conjunction with 
Mg++ for the attainment of a maximum rate of 
phosphorylation, the concentration required 
being about 0 001% (Ohlmeyer and Ochoa, 
Naturwiss. 1937, 25. 253). There is still some 
doubt {see p. 38) as to the function of both 
Mg and Mn {see idem^ Biochem. Z. 1937, 293, 
338). 

V. Co-carboxylase. —Washed zymin readily 
decomposes pyruvic acid (Harden, Biochem, 
J. 1913, 7, 214; Neuberg and Rosenthal, 
Biochem. Z. 1913, 51, 128), but a co-carboxylase 
is present. This can be removed from zymin 
by washing with a phosphate solution at 
7-8 or from maceration extract by dialysis 
against Na 2 HP 04 solution (Auhagen, Z. 
physiol. Chem. 1931, 204, 149; 1932, 209, 2 ). 
Co-carboxylase has l>een isolated from bottom 
yeast in the crystalline form (Lohmann and 
kSchuster, Naturwiss. 1937, 25, 26 ; Biochem. Z. 
1937, 294, 188), and according to these authors 
is a pyrophosphoric ester of vitamin B^, the 
hydrochloride having the formula 

ClaHjiOsN.PjSCI 

It has been synthesised chemically in small 
yield by the ac^tion of POCI3 on the vitamin 
(Stern and Hofer, Science, 1937, 85, 483) and 
enzymically by the action of dried yeast (washed 
free of co-carboxylase) or of the duodenal mucosa 
of the pig on a mixture of vitamin and phos¬ 
phate at Ph 6'7-6'8 (Tauber, Science, 1937, 
86,180 ; see also von Euler and Vestin, Naturwiss. 
1937,25,416; Peters, Biochem. J. 1937,31,2240). 

The orthophosphoric mono-ester, produced by 
acid hydrolysis, has no co-enzymic activity. 

Inactivation of Zymin and Dried Yeast 
BY Washing. 

When dried yeast or zymin is washed with 
water several stages of inactivation can be dis¬ 
tinguished, the most important of which are 
the following {see Stheeman, Proc. K. Akad. 
Wetensch. Amsterdam, 1929, 32, 426 (No. 4 ); 
1930, 33, 889) 

( 1 ) The residue produces no fermentation 
with glucose (or fructose) and phosphate, but 
can be reactivated by hydrogen acceptors : e.g. 
ketonic acids (Neuberg and Schwenk, Biochem. 
Z. 1913, 71, 135), aldehydes (Harden, Biochem. 
J. 1917, 11 , 64), methylene blue (Stheeman). 
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(2) A stage is reached at which hexosedi- 
phosphate can be fermented, but not the hexoses 
even in presentee of phosphate {see Meyerhof, 
“ Die chemischen Vorgange im Muskel,” 1930, 
p. 163). 

(3) After still more thorough washing the 
residue requires for activation : (a) a hydrogen 
acceptor, (6) hexosediphosphate, and (c) co-zy- 
mase. If a comparatively large quantity of 
cO'Zymase is present, hexosediphosphate is not 
required. 

(4) If the preparation be washed with a 
solution of KH2PO4 the magnesium is removed 
and such a residue cannot l)e activated unless a 
magnesium salt bo also added. 

(6) Finally, washing with alkaline phosphate 
removes the co-carboxylase (p. 18). To fer¬ 
ment sugar such a preparation requires hexosedi¬ 
phosphate, adenylpyrophosphate, co-zymase, 
co-carboxylase and a Mg salt (Lohmann and 
Schuster, Biochem. Z. 1937, 294, 188). 

The Function of Phmphates in Alcoholic 
Fermentation .—The addition of a soluble 
phosphate to a fermenting mixture ()f y(;ast 
juice or maceration extract and sugar produces 
a remarkable effect. The rate of fermentation 
is greatly increased, gradually attains a maxi¬ 
mum, and remains at this high value for a 
certain time, after which it rapidly falls until 
it is again approximately the same as before the 
addition of phosphate. During this period of 
enhanced fermentation, the amounts of carbon 
dioxide and alcohol produced exceed those 
which would have l^ee^jL formed in the absence 
of added phosphate by an amount exactly 
equivalent to the phosphate added in the ratio 
R2HP04:C02+C2 Hq 0 (Harden and Young, 
Chem. Soc. Proc. 1905, 21,189). The phosphate 
is, at the same time, converted into a mixture 
of phospho-organic compounds the phosphorus 
of which is not precipitated by magnesium 
citrate mixture or uranium salts (Harden and 
Young; Ivanov, Z. physiol. Chem. 1907, 50,281). 

It was at first thought that only one phos¬ 
phoric ester was formed, hexose^phosphate, 
C6 Hio 04(P04H2)2» and the reaction which 
occurred was formulated: 

(1) 2CeHj20e+2R2HP04-> 
CeHio04(P04R2)2+2C02+2C2H,0+2H20 

It was subsequently found that a mixture of 
hexosemonophosphoric esters C0HiiO5(PO4H2) 
was also produced (Harden and Robison, Proc. 
Chem. Soc. 1914, 80, 16; Robison, Biochem. J. 
1922, 16, 809) according to the empirical 
equation (Harden and Henley, Biochem. J. 
1927, 21, 1216; 1929, 23, 230): 

(la) 3CeHi2O0+2R2HPO4-> 
2CeH4i05(P04R2)+2C02+2C2He0+2H20 

It is a remarkable fact that, as the result of 
adding phosphate, the molecular ratio of the 
COj produced to the phosphate estorified re¬ 
mains approximately constant and equal to 
unity whatever the relative proportion of mono- 
phosphoric and diphosphoric ester produced 
(Harden and Henley, l.c.; Robison and Morgan, 
ihid. 1930, 24, 119; see also Kluyver and Struyk, 
Proc. K. Akad. Wetensch. Amsterdam, 1928, 
31, 882) (see later, p. 30). 
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The proportions in which the mono- and di¬ 
phosphoric esters are produced vary consider¬ 
ably with the nature of the yeast preparation 
and are influenced by factors not yet properly 
understood. Thus yeast juice and mac^eration 
extract may produce monophosphoric ester 
varying in amount between 10 and 80% of the 
phosphate esterified; dried yeast and zymin 
usually produce about 10-30% of mono- 
phosphoric ester. The mechanism of this 
reaction is discussed later on. 

In presence of excess of sugar the esterifica¬ 
tion proceeds according to a uni molecular 
reaction, and is most rapid at a faintly alkaline 
reaction (von Euler and Kullberg, Z. physiol. 
Chem. 1911, 74, 15). 

The existence of this reaction rendered it 
})robable that phosphates were essential for the 
alcoholic fermentation of the sugars by yeast 
juice and that in their absence n<» fermentation 
would occur. This conclusion has been con¬ 
firmed in a very striking manner by experiment. 
A mixture of enzyme, co-enzyme, and sugar can 
be prepared which contains no more than 
traces of free phosphate or hexosephos])hate 
and very little plioaphonis in any form wliich 
can yield phosphate by enzymic action. Such a 
mixture is almost completely devoid of fer¬ 
menting ]K)wer, but ferments readily when a 
small proportion of phosphate is added. In a 
particular case, the phosphate-free mixture 
only gave 1-5 c.c. of carbon dioxide, whereas in 
presence of phosphate 132 c.c. were produced 
(Harden and Young, Proc. Roy. 80c. 1911, B, 
83. 451). As the result of tin* reaction expressed 
by eiiuations (1) and (la) practically the whole 
of the free phosphate of the juice is converted 
into hexosephosphates and the fermentation 
should therefore come to a ( lose unless some 
means of regeneration of free phosphate were 
j provided. It was thought at the time that the 
necessary phosphat/C was supplied by the 
hydrolysis of the hoxosephosphate, which is 
effected by an enzyme, termed hexosephos- 
phatase, and yields a hexose and a phosphate : 

(2) CeH,,04(P04R2)2+2H20 

-=C0H,2Oe+2R2HPO4 

both the hexose and the phosphate thus formed 
entering again into reaction (1). It now appears 
that this reaction is only of subsidiary im¬ 
portance and that the hexosediphosphate is 
fermented without preliminary hydrolysis (see 
later, p. 21). 

It is now possible to understand the con¬ 
ditions which prevail in yeast juice fermenting 
glucose in the presence or absence of added 
phosphate. When the proper or optimum 
amount of phosphate is added, reactions 1 and 
la proceed at the maximum rate, and this 
rate affords a measure of the concentration of 
the fermenting complex present in the juice. 
When all the phosphate has been converted 
into hexosephosphates the rate falls to a low 
level, the so-called normal or basal rate of 
fermentation, which represents the rate of 
fermentation of a mixture of hoxosephosphate 
and glucose in absence of inorganic phosphate. 

Several minor points remain for consideration 
with regard to the action of phosphate. In the 
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first placr, phosphate not only sets up a tempo- 
rarily euhaiiceti fermentation, hut also con¬ 
siderably increases the total fermentation 
produced, apparently by means of a protective 
action of the hcxosephosphatc on the various 
enzymes concerned. Excess of phosphate pro¬ 
duces a secondary inhibiting effect, and may 
lead to a diminished fermentation instead of an 
enhanced fermentation. Excess of arsenate 
and arsenite produ(‘es similar effects but are 
much more marked in their action, often leading 
to total inhibition. A similar effect is produced 
by many other salts (Meyerhof, Z. physiol. 
Ciiem. 1918, 102, 185), so that the jdiosphate 
exerts both a specific action and a general salt- 
effect: .‘fcc Harden and Henley (Riochem. 
1921, 15, 312). 

Fructose produces a much greater rate of 
fermentation in presence of phosphate than does 
glucose, and the optimum concentration of 
phosphate is greater in presence of fructose than 
in presence of glucose, as shown by the follow ing 
numbers referring to 10 c.c. of yeast juice :— 


Opiimuni concentration of 
phosphate in terms of a 
molar solution 

Glucose Fructose 

Maximum rate of fer¬ 
mentation in c.c. of 
CO 2 per 5 minutes 
Glucose Fructose 

0034 

0-085 

7-5 

32-2 

0012 

0-120 

5-4 

28-4 

0-026 

0-130 

8-0 

17-0 

0-120 

0-180 

16-2 

31-2 


Zymin and dried yeast also react with phos¬ 
phate in a similar manner to yeast juice, but the 
rate is not so greatly increased, and the effects 
are not so marked. 

Effect of Araeruile .—When Na arsenate is 
added to a fermenting mixture of yeast juice 
and sugar, the rate of production of COg and 
alcohol is greatly increased, the maximum rate 
in presence of the optimum concentration of 
arsenate (about 10 “® M) being 5-10 times the 
normal and of the same order as the maximum 
attainable with phosphate (Harden and Young, 
Proc. Chem. Soc. 1900, 22, 283 ; Proc. Roy. Soo. 
1911, 83B, 451). This high rate continues for 
a considerable time and there is no equivalence 
between the extra amount of COg evolved and 
the arsenate added, there is no accumulation of 
hexosephosphates, nor has any hexosearsenic 
ester been isolated (c/. Braunstein, Biochem. Z. 
1931, 240, 68 ; ibid. 1934, 271, 285 ; Braunstein 
and Levitov, ibid. 1932, 252, 56). A similar 
but less marked effect is caused by arsenite. 
The effect has been traced to a specific accelera¬ 
tion of the rate of fermentation of hexosedi- 
phosphate {see p. 39). Arsenate does not 
accelerate the fermentation of hexosemono- 
phosphate. 

The Hexosephosphates of Fermentation. 

The product of fermentation of the hexoses, 
glucose, fructose, mannose and galactose by 
yeast preparations in presence of inorganic 
phosphate is a complicated mixture containing 
a number of hexosephosphoric esters, and all 
these sugars appear to yield the same products. 
There are present, in addition to hexosedi- 
phosphate, a mixture of the monophosphoric 
esters of glucose, fructose and mannose (Robi¬ 
son, Biochem. J. 1922,16, 809; 1932, 26, 2191; 


Robison and Morgan, ibid. 1930, 24, 119; 
Robison and King, ibid. 1931, 25, 323), some¬ 
times, especially when dried yeast has been 
used, trehalosemonophosphate (Robison and 
Morgan, ibid. 1928, 22, 1277), as well as small 
amounts of phosphopyruvate, triosephosphate, 
a-glycerophosphate, phosphoglycerate and 
otlier not yet identified constituents. The 
products are best separated by the method of 
Robison and Morgan (Biochem. J. 1930, 24, 
119) which consists in removing the yeast 
protein which is always present by trichloro¬ 
acetic acid (4%) and then precipitating the 
hexosediphoBphate and inorganic phosphate by 
barium acetate and baryta at pg 8*4. The 
hexosemonophosphates and trehalosephosphate 
form soluble barium salts and are precipitated 
from the filtrate by basic lead acetate. (For 
other methods of extraction, see Robison, 
Biochem. J. 1922, 16, 809; Neuberg and 
Leibowntz, Biochem. Z. 1927, 184, 489). 

Uexosedipkosphate .—The crude barium salt 
obtained as described is extracted with 200 
parts of cold water at pg 6 - 6 . The clear filtrate, 
which is free from inorganic phosphate, is 
treated with alcohol to incipient j)re(‘ij)itation, 
and then heated at 70^^ in a water-bath. The 
barium salt, which is less soluble in hot than in 
cold w’ater, is precipitated and is filtered off at 
70"^ and dried at a low temperature over P 2 O 5 
m vacuo. 

All the metallic salts arc amorphous, and the 
magnesium, calcium, barium and manganese 
salts, which are only sparingly soluble, are more 
soluble in cold than in hot water, and can bo 
purified by taking advantage of this property. 
The free acid has not been obtained in the pure 
state, but in solution is faintly dextrorotatory, 
la]i)=-f-3'4°. It is decomposed when boiled 
alone or with acids yielding phosphoric acid and 
fructose. 

Hexosediphosphato is present in freshly 
prepared yeast juice, in yeast extract and in the 
solution obtained by adding trichloroacetic 
acid to actively fermenting yeast {see p. 40), 
so that it may be regarded as certain that it is 
present in the living yeast cell. 

It is, however, remarkable that hexose- 
diphosphate is not fermented by living yeast. 
This fact was first observed by Ivanov, and has 
been confirmed by Harden and Y^oung, and by 
von Euler and Backstrom, who have also found 
that the hexosediphosphate accelerates the 
fermentation of glucose by yeast although it is 
not itself either hydrolysed or fermented. 

I Constitution of Hexosediphosphoric Ester .— 
Ivanov regarded this compound as a triosemono- 
phosphoric ester, C 3 H 502 (P 04 H 2 ), but the 
evidence on which this view rests was showoi to 
be unsatisfactory, von Lebedev, on the other 
hand, at first regarded it as a hexosemonophos- 
phoric ester, basing this view solely on the 
composition of the phenylhydrazine derivative, 

CeHgNH NH2,HaP04CHy[CH 0HV 

which is the phenylhydrazine salt of a mono- 
phosphoric ester of hexosazone. Young, how¬ 
ever, supported the original view of Harden 
and Young, which is now generally accepted. 
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that the compound is a hexosediphosphoric 
ester, CgHio 04 (P 04 H 2 ) 2 , since analyses of the 
salts agree with this formula; phosphoric acid 
is split off during the formation of the phenyl- 
hydrazine derivative, but a hydrazone con¬ 
taining two phosphoric acid groups for one 
molecule of hexoso has been prepared. 

Young concluded from his investigations that 
one phosphoric acid group occupied position 1 
in the carbon chain of the sugar. It has now 
been found that on methylation the ester yields 
a mixture of a- and jS-methylhexosediphosphoric 
esters which, on treatment with bone phosphatase 
to remove the phosphoric groujis, gives rise to 
the corresponding a- and /S-rnethylfructosides. 
These are derivatives of the y-form of fructose 
(fructo-furanose), so that the ester itself must 
also be a derivative of this form of fructose 
(Morgan, Biochem. J. 1927, 21, 675; Morgan 
and Robison, Biochem. J. 1928, 22, 1270) as 
shown in the formula 



It may be conclfided from this that the 
second phosphoric group is in position 0, as 
otherwise it would be expected that the pyranose 
form of fructose would be obtained. 

Fermentation of Hexosediphosphoric Ester .— 
Yeast preparations can be obtained which con¬ 
tain so bttle co-enzyme that they are no longer 
capable of fermenting sugars but still ferment 
hexosediphosphate. This led Meyerhof to the 
(conclusion that hexosediphosphate could be 
directly fermented without a preliminary 
hydrolysis to hexose and phosphoric acid. This 
conclusion is confirmed by the observation 
(Meyerhof, Biochem. Z. 1927, 183, 176; Ray¬ 
mond, J. Biol. Chem. 1928, 79, 687 ; Macfarlane, 
Biochem. J. 1930, 24, 1051) that in the absence 
of co-enzyme arsenate does not produce any 
acceleration in the rate of hydrolysis of hexose¬ 
diphosphate. It is therefore evident that two 
mechanisms exist for the production of alcohol 
and CO 2 from hexosediphosphate: (1) hydro¬ 
lysis to hexose and phosphoric acid, followed by 
fermentation accompanied by partial re- 
esterification of the sugar; (2) direct fermenta¬ 
tion without preliminary hydrolysis; this is 
the process which is accelerated by arsenate 
{see p. 39). This second process requires the 
presence of co-enzyme, but in much smaller 
concentration than is needed for the first process. 
In the fermentation of sugars by yeast prepara¬ 
tions these reactions probably occur simul¬ 
taneously and are jointly responsible for the 
regeneration of phosphoric acid, but the greater 
part of the change is due to direct fermentation. 

Hexoaemonophosphoric Esters. —For the further 
purification of these the basic lead salts obtained 
as described above (p. 20) are reconverted into 


barium salts which can be precipitated from 
aqueous solution by alcohol. The resulting 
product (Robison, Biochem. J. 1922, 16, 809; 
Robison and Morgan, Biochem. J. 1930, 24, 
119; Robison and King, J.S.C.L 1929, 48, 14; 
Biochem. J. 1931, 25, 323) is a mixture which 
has not yet been completely resolv(M, but the 
substances described below have so far been 
isolated from it, mainly by fractional crystal¬ 
lisation of the bruc'ine salts. 

(1) An aldose ester, glucose-C)-phosphoric ester, 
the brucine salt of which is only sparingly 
soluble in methyl alcohol. The reilucing 
power of the barium salt to alkaline hypoiodite 
corresponds to that of the glucose contained in 
it, whilst to Hagedorn and Jensen’s reagent it is 
about 78% of this. [ 0 ) 540 ^ is +20*6° for the 
barium salt, +41*4° for the free acid. It is 
very resistant to hydrolysis by acid, apparently 
yielding d-glucosc. Bone phosphatase hydro¬ 
lyses it with formation of both glucose and 
fructose. Bromine oxidises it to a phospho- 
gluconic acid, which is converted by phospha¬ 
tase into (i-gliiconic acid. It yields the same 
phospho-osazone as hexosediphosphoric ester 
and Neuberg's monophosphoric ester and, 
therefore, contains the phosphoric group in the 
same position (probably 6 ) as these compounds. 

( 2 ) A sc(!ond aldose ester, mannosemono- 
phosphoric ester (Robison, Bioclunu. J. 1982, 26, 
2191). The [ 0)5401 of the barium salt is +3*5°, 
of the free acid -f 15*1°, it yields a characteristic 
hydrazone and the same phenylosazone as that 
obtained from glucose- and fructosc-monoplios- 
phoric esters and hexosediphosphoric ester. It is 
therefore pro bablyd-manno 8 c- 6 -phoHphoricester. 

(3) A ketose ester, probably identical with 
the main constituent of Nciiborg's ester [fructo- 
furanose-Q-phosphoric ester). This is obtained 
from the more soluble fraction of the brucine 
salt, by precipitation of the barium salt, after 
oxidation of any of the aldose constituent which 
may still be present by means of bromine and 
barium carbonate. 

(4) In addition to the foregoing the presence 
of compounds of a different type is also indicated. 
When dried yeast, or bottom yeast in presence 
of toluene (Veibel, Z. physiol. CTiem. 1931, 139, 
350) (but not yeast juice) is used for the fer¬ 
mentation a certain amount of trehalose mono- 
phosphoric ester is produced (Robison and 
Morgan, Biochem. J. 1928, 22, 1277). The 
barium salt of this is prepared from the moat 
soluble fraction of the mixed barium salts and 
is finally obtained in the crystalline form by 
precipitation with alcohol. It has no reducing 
power; [a] 646 i j” +132° for the barium salt, 
+ 185° for the free acid. Bono phosphatase 
hydrolyses it to trehalose. Hydrolysis with 
acid yields glucose and a glucosemonophosphoric 
ester, the constitution of which has not yet been 
determined. The ester is fermented by yeast 
preparations. 

(5) Another interesting substance, present to 
the extent of 1-2% in the crude hexosemono- 
phosphate, gives a green coloration when 
treat-ed with orcinol and hydrochloric acid 
identical with that given by the mannoketo- 
heptose isolated from the Avocado pear by 
La Forge (J. Biol. Chem. 1917, 28, 511). The 
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constitution of this new ester and that of the 
non-fermentable reducing sugar obtained from 
it by the action of bone phosphatase have 
not yet been ascertained, but the sugar is 
probably a mixture of a maimokotohcptose with 
other sugars of a similar type (f^obison, Mac- 
farlane and Tazelaar, Nature, HK18, 142, 114). 

A similar mixture of mono-eaters obtained 
from muscle (Embden and Ziminermann, Z. 
physiol. Chem. 1927, 167, 114) is known as the 
Embden ester. The phosphoric este rproduced 
by the action of autolysed and dialysed muscle 
extract on glycogen {see p. 86) is also of a 
similar character. This reaction provides a con¬ 
venient method for preparirig the mixed eater. 

The formation of these mixtures is probably 
due to th(‘ presence of an enzyme (phospho- 
hexornutase) which rapidly converts glucose-, 
mannose- or fructose-monopho8])horic ester, 
})robably by way of an enolic form <*ommoii to 
all of them, into an equilibrium mixture of the 
three, containing about 70% aldose ester and 
80% ketose ester (Lohmanii, Bioehem. Z. 1933, 
262, 182; Robison, Bioehem. .1. 1932, 26, 
2191). This mixture, originally termed the 
Bobison ester, is so termed through tliis article, 
but Meyerhof suggests that it should be known 
as the equilibriurn ester, and the name Robison 
ester reserved for glueose-O-phosphate. The 
fermentation of hexosemonophosphate is dis¬ 
cussed later (.sec p. 30). 

The Neuberg Ester. —An ester which is prob¬ 
ably identical with the ketose ester described 
above was obtained by Neuberg (Bioehem. Z. 
1918, 88, 432) by the partial hydrolysis of 
hexosediphosphoric ester by boiling for a short 
time with oxalic acid. It lias [aJD-fO'4° for 
the barium salt, -fl*5° for the free acid, it 
reduces Hagedom and Jensen’s reagent to the 
same extent as the Robison ester, but only 
reacts to a small extent (5-10% of the hexose) 
with alkaline hypoiodite. This may possibly 
be due to the presence of some aldose ester in 
the material used for its preparation. It is a 
fructosemonophosphoric ester, which is probably 
/ rnciofy ra nose -6 -phosphoric ester. 

A substance which is probably fructoppranosc- 
1 -phosphoric ester is found among the products 
of the action of bone phosphatase on fructosedi- 
phosphoric ester. It is strongly hevorotatory 
(calc. [a].r,4g|, for Ba salt——39°, for the free 
ester — 62-2°) and is very rapidly hydrolvsed by 
acid ; h for N-HCI at l(K)°-=75x 10~3 (MacLeod 
and Robison, Bioehem. J. 1933, 27, 286). 

Another Ise vorotatory fru ctosemonophosphatc, 
r®]648i (Ba salt) is formed during the acid 
hydrolysis of hoxosediphosphate or fructose- 
monophosphate. Its formation is probably due 
to the migration of the 6-pho8phoric acid group 
(Macfarlane and Robison, Enzymologia, 1937, 
4, 125). 

An aldose-l-phosphate has been obtained by 
Cori and Cori (Proc. Soc. Exp. Biol. Med. 1936, 
34, 702 ; Cori, Colo wick and Cori, J. biol. Chem. 
1937, 121, 465) by incubating washed minced 
frog muscle in phosphate buffer (see also 
Kendal and Stickland, Chem. and Ind. 1937, 56, 
936), and can also be prepared by the action of 
rabbit muscle extract on glycogen in presence 
of iodoacetic acid (Kiessling, Bioehem. Z. 1938, 


298, 421), and by synthesis from acetobromo- 
glucose (Cori, Colowick and Cori, l.c.). Evidenc^e 
is accumulating that this substance is the first 
product of phosphorylation of glycogen and also 
that it can lie enzymically reconverted into 
glvcogen and H3PO4 (.see Kiessling, Naturwiss. 
1939, 27, 129; Schatfner, ibid. 1939, 27, 195). 
It has no reducing power (Hagedorn and 
Jensen; hypoiodite) and is very readily 
hydrolysed by acid to glucose and phosphoric 
achl. When added to dialysed muscle extract 
it rapidly passes into an equilibrium mixture of 
hexose-6-monophosphates (Embden e.ster). 

The [a],j for the Ba salt is 4-75°, for the free 
acid -f 120°. 

Hydrolysis of the PiiosnioRic Esters of 
Fermentation. —The phosphoric acid groups 
of the hexoBophosphoric esters, adenylic acid, 
aden3dpyroi)hosphate, phosphogly ceric acid, 
phosphopyruvic acid, etc., are removed by 
hydrolysis with acid, according to a unimole- 
cular law% at different rates, and this fact has 
been utilised for analytical purposes as well as 
for the identification of the various compounds. 
In pratdice the hydrolysis is carried out with 
A-HCI in a sealed capsule at 100° for a fixed 
time and the amount of inorganic phosphate 
liberated is then estimated (see Lohmann, 
Bioehem. Z. 1928,194, 306). Velocity constants 
of the hydrolysis of a number of these compounds, 


are given below. 

fcx 10* 

Hexosediphosphate. First group . 22-0 

Second „ . 4-2 

Hexosemonophosphate (Robison ester) 0*2 

Neuberg ester (fructose 6-phosphate) 4*36 

Glueose-O-phosphate.0*26 

Mannose-G-phosphate.0*29 

Fru(^tofuranose-1-phosphate . . .75 

Phosphogly ceric acid.0*14 

Adenylic acid.2*3 

Adenylpyrophosphate.250 

Pho.sphodihydroxyacetone . . . 33*7 

Phosphogly ceraldehyde . . . . 37*5 

Glucose-1-phosphate.200 


Apparent Dissociation Constants of the 
H EX osEPHOSPiiATES . — The hexosephosphates 
produced in alcoholic fermentation are stronger 
acids than phosphoric acid and their formation 
is therefore accompanied by a fall in the p^^ 
of the solution. The dissociation constants are ; 



PKi 

PK 2 

1. Phosphoric acid ^ ... . 

1*99 

6*81 

Hexosemonophosphate: 

Neuberg ester ^ ... . 

0*97 

611 

Embden ester * . . . . 

— 

6-12 

Robison ester ^ ... . 

Hexosediphosphate: 

0*94 

6*11 

Harden and Young ester ^ . 
Harden and Young ester, 1st 

1*48 

6*29 

group 1. 

Harden and Young ester, 2nd 

— 

(6-1) 

group ^. 

— 

(6-6) 

Glucose-1-phosphate * . . . 

Ml 

613 


^ Meyerhof and SuranyiJBlochem. Z. 1926, 178, 427. 

* Irving and Fischer, Froc. Soc. Exp. Biol. Med. 
1927, 24, 559. 

* Meyerhof and Lohmann, Naturwiss, 1926, 14, 1277. 

* Cori, Colowick and Cori, J. Biol. Chem. 1937, 121, 
465. 
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The Chemical Changes Involved in 
Alcoholic Fermentation. 

Many theories have been advanced suggesting 
various stages in the course of the decomposition 
of glucose to the final products—alcohol and 
carbon dioxide. Baeyer, in 1870, pointed out 
that the alternate removal and re-addition of 
the elements of water might lead to an accumu- 
ation of oxygen on certain of the carbon atoms, 
and thus render the rupture of the carbon chain 
possible. Wohl (Z. angew. Chem. 1907, 20, 
1169) proposed a modification of this idea, 
which leads to the supposition that loss of 
water and intramolecular change result in the 
formation of a ketoaldehyde which undergoes 
hydrolysis to methylglyoxal and glyceralde- 
hyde; the latter of which, by a similar series 
of changes, also forms methylglyoxal, 
CH 3 COCHO. 

This then passes into lactic acid, and this into 
carbon dioxide and alcohol. This theory re¬ 
ceived a certain amount of cx|X‘rimental support 
from the fact that small quantities of lactic acid 
apj>ear to be fermented by yeast juice (Buchner 
and Meisenheimer, Z. wiss. Landwirtschaft. 
1909, 38, 265). The idea of the occurrence of 
lactic acid as a true intermediate product of 
alcoholic fermentation has, however, now been 
abandoned, largely owing to the criticisms of 
Slator, who pointed out that this substance 
should bo fermented at least as quickly as 
glucose, and that this is not the case. The same 
criticism is valid aigainst many of the 3-earbon 
compounds which have l)een proposed as inter¬ 
mediate products, including glyceraldehyde and 
dihydroxyacetone, both of which are slowly 
attacked by j^east, whilst dihydroxyacetone is 
also fermented by yeast juice prepared by 
maceration (von Lebedev, Z. physiol. Chem. 
1913, 84, 305). 

The Pyruvic Acid Theory of Fermenta¬ 
tion. —The universal presence of carboxylase 
in yeasts capable of producing alcoholic fermen¬ 
tation creates a strong presumption that the 
decomposition of pyruvic acid actually forms a 
stage in the alcoholic fermentation of sugars. 
The fact that the evolution of carbon dioxide 
from pyruvic acid commences instantly, whereas 
there is a considerable delay in the case of 
glucose (Neuberg and Rosenthal, Biochem. 
Z. 1913, 51, 128) is interpreted to mean that 
the glucose undergoes a preliminary change 
which requires some time and results in the 
formation of pynivic acid capable of immediate 
decomposition. Other explanations of this 
delay, which is by no means invariable, can, 
however, be given. A number of observations 
have also been made by von Euler and his 
school which have led him to the same con¬ 
clusion, that some intermediate product is 
formed before the production of alcohol and 
carbon dioxide. 

Calcium pyruvate has actually been isolat/cd 
by Fembach and Sohoen (Corapt. rend. 1913, 
167, 1478; 1920, 170, 764) from the products 
formed by the alcoholic fermentation of sugar 
by c*ertain yeasts in the presence of chalk; but 
Kerb (Ber. 1919, 52 [B], 1795), using pure cul¬ 
tures of top and bottom fermentation yeasts. 


found no trace of pyruvate in the calcium salt/S 
formed (c/. Kerb and Zeckendorf, Biochem. Z. 
1921, 122, 307). 

The pyruvic acid theory of alcoholic fer¬ 
mentation (Neubauer and Fromherz, Z. physiol. 
Chem. 1911, 70, 326; Neuberg and Kerb, Z. 
Ganing8])hysiol. 1912,1, 114; Kostytschov, Z. 
physiol. Chem. 1912, 79, 130) involves three 
stages, exemplified by the following equations: 


(i) - 2 CH 3 C 0 C 00 H + 4[H] ; 

(ii) 2CH.yCO COOH- 2CH.yCHO f 200,; 

(iii) 2 CH 3 CHO+ 4 H 2 CH 3 -CH 2 0 H. 

The products of decomposition of {)yriivic 
acid by yeast being carbon dioxide and acetalde¬ 
hyde, the prod motion of alcohol from glucose 
by way of pyruvic acid must involve a proci^ss 
of reduction. That yeast possesses powerful 
reducing proj)ertie8 has long been known 
{philothion of Rey-Pailhade). These are shared 
by yeast juice and the other active preparations 
ol)tairicd from ycfist, all of which are ca])ablo 
(»f reducing many aldehydes to ab^ohols and 
various colouring matters to their leuco- 
compounds, and were therefore supposed to 
contain a reducing enzyme or rcd?/c/fiAe. Thesf; 
reactions are now recognised as belonging to the 
type of oxido-rediu'tions effected by dehydro¬ 
genases. The intervention of this retlucing 
enzyme of yeast in alcoholic fermentation was 
suggested by Griiss (Z. ges. Brauw. 1904, 27, 
689), and was siij)ported by many workers, 
notably Palladin (Z. physiol. Chem. 1908, 56, 
Hi), Kostytschev (numerous papers in Z. physiol. 
Chem. from 1912), and Lvov (1913). The 
attempts made by these investigators to show 
that in presence of reducible substances the 
fermentation of glucose was modified (Lvov; 
Kostytschev), or that the presence of glucose 
interfered with the reduction of other sub¬ 
stances, were not conclusive. Neuberg, how¬ 
ever (in a series of papers summarised in Ber. 
1919, 52 [B], 1677), has shown that in the 
presence of substances capable of combining 
with acetaldehyde the course of the fermentation 
is profoundly modified. For this purpose he 
employed normal sodium sulphite, which reacts 
with acetaldehyde according to the equation 

CoH^O+NaoSOj+HgO 

-CgH^ONaHSOa+NaOH 

In the presence of this salt, under the most 
favourable conditions, only about 30% of the 
sugar undergoes the normal fermentation, 
whilst the remaining 70% yields acetaldehyde, 
glycerol and carbon dioxide according to the 
equation C,H„ 0 ,=C.H, 0 +C 3 H, 0 ,+C 0 j, 
or, including the sulphite. 


CeHiaOe+Na^SOg+H^O 

CgH^O NaHSOgF NaHCOg 


The sulphite is best added after the fermentation 
has commenced, from 33 to 150 g. being used 
for 100 g. cane-sugar dissolved in 1-2*5 litres 
of water, and about 10-20 g. of yeast. Mole¬ 
cular proportions of acetaldehyde and glycerol 
are produced throughout the whole course of 
the fermentation, and the yield, referred to 
sugar, increases with the concentration of eul- 
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phite. Insoluble sulphites (Ca, Zn, Mg) can 
be used if the mixture is well agitated, and the 
process can also be carried out in faintly acid 
solution in the presence of acid potassium 
phosphate. 

An enhanced production of acetaldehyde 
and glycerol had previously been observed by 
Neuberg and Filrber (Biochem. Z. 1917, 78, 
2118), both with living yeast and maceration 
juice in presence of a number of alkaline salts, 
but the acetaldehyde found was not chemically 
equivalent to the glycerol. It has now been 
found, however, that in these circumstances the 
acetaldehj^do undergoes a Cannizzaro reaction, 
yielding alcohol and acetic acid, so that the 
fermentation in presence of alkalis proceeds as 
follows; SCgHigOg 

2C3H3O34 2 C 02 +C 2 He 04 C2H4O2 

One molecule of acetic acid is thus produced 
for every two molecules of glycerol. The yield 
of glycerol obtained in this way is not so high 
as in the presence of sulphite, amounting in the 
presence of sodium bicarbonate to about 35% 
of the theoretical (Neuberg and Hirscb, ibid. 
1919, 100 , 304). Neuberg explained the results 
obtained, on the general lines of the pjTuvic 
acid theory, by supi)OHing that the sulphite 
combined with the acetaldehyde and thus pre¬ 
vented its reduction to alcohol, the glycerol 
being formed by the action of the hydrogen thus 
rendered available on the precursor of pjTuvic 
acid, which he assumed to be methylglyoxal. 

Wo. Ostwald {ibid. 1919, 100 , 279; sef also 
Neuoerg, ibid. 289) has pointed out that the 
enhanced production of acetaldehyde would 
naturally follow on the removal of this substance 
from the sphere of action, the equilibrium being 
in this way constantly disturbed, so that 
this fact cannot in itself bo regarded as a strict 
proof of the theory that pyruvic acid is an 
intermediate product in the normal course of 
fermentation. In view of the fact that in the 
modified fermentation the acetaldehyde is 
produced at approximately the same rate as 
alcohol in the normal fermentation there can 
be little doubt that Neuberg’s explanation is 
in this particular correct. 

Technically the possibility of producing a 
largo proportion of glycerol from sugar by 
fermentation in presence of sulphite has been 
made the basis of a process of manufacture of 
this substance (the Protol process), which has 
been worked on such a scale as to produce a 
million kg. of glycerol per month in a yield of 
20-26% of the sugar employed (Connstein and 
Liidecke, Ber. 1919, 62 [B], 1385). 

An entirely different explanation of the origin 
of the glycerol in these fermentations is afforded 
by the newer theory of alcoholic fermentation 
(p. 30). 

Phosphorylated Intermediate Compounds 
in the Alcoholic Fermentation of Sugar. 

Since 1932 the participation of methylglyoxal 
in alcoholic fermentation has been rendered 
extremely improbable by the researches of 
Embden, Meyerhof and other workers {see below), 


according to which the sugar is first phos¬ 
phorylated and then decomposed, the first 
phosphorus-free compound to be produced 
l)eing pyruvic acid, the decomposition of which 
then proceeds as supposed by Neuberg. An 
important step in this direction w^as made when 
Meyerhof (Biochem. Z. 1927, 183 , 176) showed 
that when lactic acid was produced from glucose 
by muscle extract containing hexokinase {see 
later) the phenomena were closely analogous to 
those w'hi(;h occurred in alcoholic fermentation 
by yeast juice. In both cases a thermolabile 
enzyme system and a thermostable co-enzyme 
were required and yeast extract could supply the 
co-enzyme necessary for the muscle enzyme, and 
muscle extract that required for the yeast 
enzyme. Inorganic phosphate was rapidly 
esterified, the equation of Harden and Young 
held good and the rate of fermentation fell when 
all the inorganic; phosphate had been esterified. 
Previous to this Embden and his colleagues had 
shown {ibid. 1915, 93 , 1, 124) that hexosedi- 
phosphate added to muscle j)re8s-juice caused 
an increase in the amounts of lactic; and phos¬ 
phoric acids formed, and later Embden and 
Zimmermann (Z. physiol. Chern. 1927, 167 , 
114) isolated from muscle press-juice a hexose- 
monophosphoric ester {laclacUUxje.v, or Embden 
ester) whic;h they regarded as a precursor of 
the lactic acid. Since that time the develop¬ 
ment of our knowledge of alcoholic fermentation 
by yeast and of lactic acid formation by muscle 
has proc*eeded on parallel lines, the two subjects 
having been mutually helpful. The phenomena 
in musc'le are only dealt with here in-so far as 
they throw light on the subject of alcoholic 
fermentation. (For further information see 
Meyerhof, “ Die chemischen Vorgftnge im 
Muskel,” Berlin, 1930, and Reviews by Robison, 
Ann. Rev. Biochem. 1936, 5, 181; Parnas, 
Ergcbn. Enzymforsch. 1937, 6, 57; Meyerhof, 
Ergebn. Physiol. 1937, 39 , 10). 

As early as 1930 Nilsson observed that when 
yeast was treated with acetaldehyde in presenc*e 
of sodium fluoride, the aldehyde disappeared 
and at the same time an acid of the composition 
of phosphoglyccric acid was produced (Arkiv 
Kemi, Min., Geol. 1930, 10 , A, No. 7). At 
about the same time Lohmann (Biochem. Z. 
1930, 222, 324; Lipmann and Lohmann, ibid,. 
1930, 222, 389) found that hexosediphosphate 
was converted (to the extent of 83%) by 
diluted muscle extract into an ester which couW 
only be hydrolysed by acid with great difficulty. 
A similar substance was formed from glycogen 
and starch by muscle or its extract in presence 
of sodium fluoride and also from hexosedi¬ 
phosphate by muscle extract in presence of 
sodium fluoride. These compounds were at the 
time thought to be new forms of hexosedi¬ 
phosphate but were subsequently recognised as 
mixtures of phosphoric esters of glyceric acid 
and glycerol. 

The next step was taken by Embden, Deuticke 
and Kraft (Klin. Woch. 1933, 12, 213) who 
obtained phosphoglyccric acid from minced 
muscle in presence of certain salts (lactate, 
oxalate and fluoride of sodium) and came to the 
conclusion that Lohmann’s new esters must 
also contain this compound. 
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They further made the fundamentally im¬ 
portant observation that phosphoglyceric acid 
was decomposed by minced muscle into pyruvic 
acid (CH3COCOOH) and free phosphortr 
acid. From a consideration of these facts they 
came to the conclusion that the hoxosedi- 
phosphate underwent a primary fission into 
two molecules of phosphotriose (supposed 
by Embden to be S-phosphoglyceraldehydo, 
CH 2(0 P 03 H 2 )CH( 0 H)CH 0 ), and phos- 
pho-dihydroxyacetone, 

CH 2 ( 0 H)C 0 CH 2 ( 0 P 03 H 2 ) 

which then underwent dismutation into a 
mixture of phosphoglyceric acid and phospho- 
glycerol: 

1 mol. hexosediphosphate -> 2 mol. phospho¬ 
triose -> 1 mol. phosphoglyceric acid 
1 mol. phosphoglycerol 

CH 2 ( 0 P 03 H 2 )CH( 0 H)C 00 H 
CH2(0 P 03 H 2 ) CH(0H) CH2 0H 

They did not identify the phosphoglycerol, but 
showed that, although it was itself scarcely 
affected by minced muscle, when it was added 
to this along with phosphoglyceric acid, prac¬ 
tically the whole of both compounds was con¬ 
verted into lactic acid and H3PO4. Embden 
assumed that in this reaction the })yruvic acid 
originating from the phosphoglyceric acid was 
reduced to lactic acid whilst the phosphoglycerol 
was at the same tijpie oxidised to phosphotriose. 

Pyruvic acid f phosphoglycerollactic acid 
4 -phosphotriose. 

The latter again passed by dismutation into a 
mixture of phosphoglyceric acid and phospho¬ 
glycerol and so on until the whole was converted 
into lactic acid H 3 PO 4 . 

1 mol. hexosediphosphate-> 2 mol. phospho¬ 
triose -> 1 mol. phosphoglyceric acid-f 1 mol. 
phosphoglycerol -> 2 mol. lactic acid-f 2 mol. 

H,PO,. 

The production of phosphoglycerol was 
definitely established almost simultaneously 
with Embden’s publication by Meyerhof and 
Kiessling (Biochem. Z. 1933, 264, 40) who had 
approached the subject from a different direc¬ 
tion. It had been found that pyruvic acid could 
be isolated in large amount when the decom¬ 
position of carbohydrate by muscle extract was 
carried out in presence of sodium sulphite as a 
fixation reagent (Meyerhof and McEachern, 
ibid, 1933, 260, 417). Search for the com¬ 
plementary reduced compound showed that it 
was phosphoglycerol. 

After the untimely death of Prof. Embden 
(25.vii.1933) the further study of this branch 
of the subject was carried out mainly by 
Meyerhof and his colleagues, whose chief 
contributions are summarised below without 
any attempt, however, to record them in strictly 
chronological order. 

The mechanisms of the changes involving 
phosphorylation or dephosphorylation and of the 
oxido-reductions which occur are discussed 
later on in connection with the function of the 
co-enzyme. 
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I I. The Production of Phosphoglyceric 
j Acid and Phosphoglycerol from Hexosedi- 
[ phosphate. —This fundamental change can 
readily be experimentally realised either in 
muscle extract, as mentioned above, or in yeast- 
maceration extract, in the presence of sodium 
fluoride (005if), the function of which is to 
inhibit the further change of the phospho¬ 
glyceric acid (Meyerhof and Kiessling, ibid, 
1933, 267, 40, 313), and thus to allow the 
products of the reaction to accumulate. Further 
j analysis has shovm that, as presumed by 
Embden, the reaction takes place in two stages : 

(a) Decomposition of hexosediphosphate into 
two molecules of phosphotriose. 

{b) Dismutation of the phosphotriose into a 
mixture of phosphoglyceric acid and 
phosphoglycerol. 

Hexosediphosphate added either to dialysed 
muscle extract or to dialysed yeast-maceration 
[ extract is decomposed into two molecules of 
phosphotriose, an equilibrium being very 
rapidly attained (in a few seconds) (Meyerhof 
and Kiessling, ibid, 1933, 267, 313; Meyerhof 
and Lohmann, ibid, 1934, 271, 89). 

1 mol. hexosediphosphate ^ 2 mol. phospho¬ 
triose. 

The phosphotriose was now found to consist 
almost entirely of phosphodihydroxyacotone, 

CH 2 ( 0 P 03 H 2 )C 0 CH 20 H 

The nature of the change lias been proved, 

(а) by enzymic conversion of both natural and 
synthetic (Kiessling, Ber. 1934, 67 [Bj, 869) 
phosphodihydroxyacetone into hexosediphos¬ 
phate (Meyerhof and Lohmann, 1934, Z.c.), and 

( б ) by the preparation of phosphodihydroxy- 
acetone from hexosediphosphate in presence of 
bisulphite as a fixative at 60°, so that almost 
complete conversion of the hexosediphosphate 
occurs and large quantities of phosphodi¬ 
hydroxy ace tone can bo obtained (Meyerhof and 
Lohmann, Biochem. Z. 1934, 273, 413). 

The enzj^rne concerned was termed by 
Meyerhof zymohexase, but is now known as 
aldola.se (see p. 26); no dialysable co-enzyme is 
required for the reaction. 

The decomposition of 1 mol. of hoxosedi- 
phosphate into 1 mol. each of phosphoglyceralde- 
hyde and phosphodihydroxyacetone was postu¬ 
lated by Embden and his colleagues as an 
intermediate stage in the production of phospho¬ 
glyceric acid. 

It has been proved experimentally that the 
reaction takes place in this manner and that 
the preponderance of phosphodihydroxyacotone 
actually observed in the product is due to the 
presence of an enzyme {phosphoglyceraldehyde 
mutase) which accompanies zymohexase and so 
rapidly converts phosphoglyceraldehyde almost 
completely into phosphodihydroxyacetone that 
the phosphoglyceraldehyde cannot be isolated 
(Meyerhof and Kiessling, Biochem. Z. 1935, 
279, 40). 

Starting with pure phosphoglyceraldehyde 
the change is so rapid that it is almost complete 
before any hexosediphosphate is produced by 
the zymohexase also present. 
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When hexosediphoHjihate i« decomposed by 
zyraohexase in the presence of phenylhydrazine 
as a fixative, the hj'^drazones 

CH2(0 P03H2) CH(OH) CH:N NHPh 

and 

CHgCO PO 3 H 2 ) C:N NHPh CH 2 0H 

are formed so rapidly that the isomerisation of 
the phosphoglyceraldehyde is prevented. The 
mixed hydrazones can be decomposed by 
benzaldehyde, and the resulting mixture contains 
50% of each of the two phosphotrioses (Meyer¬ 
hof. Bull. Soc. Chim. bid. 1938, 20, 1033, 
1045; 1939,21,965). 

The reaction as it occurs in ^'-east and muscle 
preparations may therefore be formulated as 
follows: the reverse change of phosphodi- 
hvdroxyacctonc to phosj)hoglyccraldehyde takes 
place during the synthesis of hexosed4)hosphate 
from the pliosphotrioses. 

Hexosediphosphatc 

1 Ml osphod ihy( 1 roxy acetone 

+ 

1 Miosphoglyc eraldehyde ^ 

Phosphodihydroxya cetone 

The two phosphotrioses are distinguishable 
chemically by their behaviour towards iodine in 
alkaline solution. Both the original substances 
are readily hydrolysed by N-alkali at room 
temperature, yielding lactic and phosphoric 
acids, and are hydrolysed by N-HCI at 1(K)'^ to 
phosphoric acid and mcthylglyoxal. On treat¬ 
ment with iodine the phosphoglyceraldehyde 
is oxidised and the product is no longer hydro- 
lysable by alkali in this way, whereas the 
phosphodihydroxyacetone is unaffected by 
iodine. 

The enzymic equilibrium between hexosedi- 
phosphate and phosphodihydroxyacetone has 
been very thoroughly studied by Meyerhof and 
his colleagues (Meyerhof and Lohmann, Biochem. , 
Z. 1934, 271, 89; Meyerhof, ibid. 1935, 277, 77). 
The equilibrium constant 

^ f Phosphodihydroxyacetone] 2 
[Hexosediphosphate] 

varies greatly with the temperature, and has the 
values shown below. 

Temp. °C. KxlO* 

-7 018 

20 1*5 

40 2-7 

70 22 

High temperature favours the conversion into 
the phosphotriosc. At 20° the molecular pro¬ 
portions of the compounds arc almost equal, 
33% of the phosphorus being present as phospho- 
triose and 67% as hexosediphosphatc. 

By the use of the value of K for this equili¬ 
brium, the amount of hexosediphosphate present 
in an enzymic equilibrium mixture can be cal¬ 
culated from the amount of phosphate set free 
by alkaline hydrolysis in the cold (pbosphodi- 
hydroxyacetone) (c/. Meyerhof and Kiessling, 
ibid, 1935, 288, 89). 


From the change of the value with the 
temperature the heat of reaction can be calcu¬ 
lated from van’t Hoff’s equation 


and is found to bo —13,000 g.-cal. in good 
agreement with that actually measured 
( — 14,000 g.-cal.) (Meyerhof and Lohmann, ibid. 
1934, 278, 73). 

Meyerhof has further found (Meyerhof, 
Ijohmann and Schuster, ibid. 1936, 286, 301, 
319) that the action of zymohexase in breaking 
or building up the carbon chain of hexosedi¬ 
phosphate is a particular instance of the a(‘tion 
of an enzyme, termed by him aldol^bsey which 
specifically catalyses the condensation of 
phosphodihydroxyacetone with aldehydes, e.g.: 

Phosphodihydroxyacetone -f acetaldehyde 
methyl tetroseph osph ate 
Phosj)hodihydroxyacetone + glyceraldehyde 
^ fructose-1-phosphate. 

but has no effect on a mixture of phospho¬ 
glyceraldehyde and dihydroxyacetone, or of 
dihydroxy acetone and glyceraldehyde, etc. 

Aldolase (zymohexase) occurs very widely in 
animal tissues and also in yeast, but is most 
concentrated in muscle, about 1/20 of this in 
yeast and still less in animal tissues other than 
muscle (Meyerhof and Lohmann, ibid. 1934, 
278. 413). 

(b) IHsmuiation of Phosphotriose into a 
Mixture of Phosphoglycerol and Phosphoglyceric 
Acid. —^This change, which is one of the funda¬ 
mental reactions of Embdon’s scheme, can most 
easily be formulated on chemical grounds as 
proceeding by way of phosphoglyceraldehyde, 
and in view of Meyerhof’s work, it seems 
probable that it actually occurs in this way. 

2 CH 2 ( 0 P 03 H 2 )CH( 0 H)CH 0 +H 20 

Phosphoglyceraldehyde. 

-CH2(0 P03H2) CH(0H) COOH 

Phosphoglyceric acid. 

-f CH2(0 P03H2) CH(0H) CH2 0H 

Phosphoglycerol. 

The dismutation requires the presence of 
! co-zymase. It is not affected by sodium fluoride, 
but is completely inhibited by 0 006 M iodo- 
acetic acid (Meyerhof and Kiessling, ibid. 1933, 
267, 317). 

The reaction occurs with either hexosedi¬ 
phosphate or phosphotriose in fluoride-con¬ 
taining yeast-maceration extract, or muscle 
extract. When synthetic dZ-phosphoglyceralde- 
hyde is used only the (~f) component, which 
alone is fermentable by yeast (Smythe and 
Gerischer, ibid. 1933, 260, 414), undergoes the 
change. 

Experimentally stoichiometric equivalence 
is not as a rule strictly realised, phosphoglyceric 
acid usually preponderating to a greater or less 
extent over phosphoglycerol. 

If acetaldehyde be added to the mixture, the 
aldehyde is reduced to alcohol and a corre¬ 
sponding equivalent of phosphotriose is oxidised 
to phosphoglyceric acid. In presence of both 
aldehyde and glucose (and inorganic phosphate) 
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a considerable amount of esterification oet'urs 
and the amount of phosphoglyc'eric acid obtained 
may be greatly in excess of the phosphotriose or 
hexosediphosphate taken (see later). 

II. DfiCOMPOSmON OF PHOSPHOOI.yOERIC 
Acid. —It has been shown by Meyerhof that this 
de(iomposition is accomplished by way of a 
series of reactions involving (a) isomerisation of 
phosphoglyceric acid; (b) conversion of 2- 

phosphogly ceric acid into 2-pho8phopyruvic 
acid; and (c) decomposition of phosphopyruvic 
acid. 

(a) Isomerisation of Phosphogly ceric Acid 
(Meyerhof and Kiessling, ibid. 1935, 276, 239). 

The phosphogly ceric acid formed by the 
dismutation or oxidation of phosphotriose in 
muscle or yeast extract is a mixture of the two 
optically active isomers, 3-phosphogly ceric 
acid [a]i> —14-5° and 2-pho8phoglyceric acid, 
[ali> +24-3°. 

The acid barium salt of the 2-acid is more 
readily soluble than that of the 3-acid, so that 
they can be separated and isolated from the 
mixed product obtained by the action of fluoride- 
containing extract of yeast or muscle on hexose¬ 
diphosphate, acetaldehyde and glucose. 

When the salts of the pure isomers are added 
to dialysed muscle extract (containing fluoride 
to prevent the formation of pho8j)hopyruvic 
acid), an equilibrium is very rapidly set up, a 
specific enzyme, phosphoglyceromutasCf l)eing 
present in the extract. 

3-Phosphogly ceric acid^2-Phosphogly ceric acid 


Temp. ®C. 

K 

3-phospho¬ 
glyceric 
acid. 

o/ 

2-pho8pIio- 

glyceric 

acid. 

% 

20 

4-7 

82-5 

17-5 

28 

3-85 

79-3 

20-7 

60 

2-3 

70 

30 


The equilibrium is very sensitive to temf)era- 
ture as shown by the change in K as given 
above. 

The same equilibrium is set up when the 
synthetic dZ-phosphoglyceric acids (Kiessling, 
Ber. 1935, 68 [B], 143) are used, but in this 
case the equilibrium is between the naturally 
occurring isomers, the /-isomers being unaffected. 
This observation has led to a new type of bio¬ 
logical resolution of a (//-mixture (Meyerhof and 
Kiessling, Biochem. Z. 1935, 276, 239). 

(b) Conversion of 2-Phosphoglyceric Acid into 
Phospho-{enol)-pyruvic Acid .—When a phospho- 
glycerate is added to dialysed or inactivated 
muscle extract or to dialysed yeast-maceration 
extract, in addition to the equilibrium between 
3- and 2-pho8phoglyceric acids a second equili¬ 
brium is set up between 2-pho8phoglyceric acid 
(30%) and phospho-(enol)-pyruvic acid (70%) 
(Lohmann and Meyerhof, Biochem. Z. 1934, 
278, 60). 

Phosphopyruvic acid can be separated from the 
phosphoglyceric acids by means of its more 
soluble Ba salt, and it forms a crystalline AgBa 
salt. The synthetic acid, prepared by Kiessling 
(Ber. 1935, 68 [B], 597) by the action of POCIg 
on pyruvic acid dissolved in quinoline, has the 
same properties as the acid isolated from muscle 
extract. I 


It is completely hydrolysed to pyruvic and 
phosphoric acids by A^-HCI at 100° in 10 minutes. 
HgClg dded to its aqueous solution decom¬ 
poses it very rapidly into phosphoric and 
pyruvic acids. It takes up 0 atoms of iodine in 
alkaline solution, as does pyruvic acid, forming 
iodoform and phosphoric acid. It probably 
has the constitution 

CH2:C(0 POgH.,) COOH 

I’he equilibrium between 2-plio8phoglyceric 
acid and phosphopyruvic acid is complicated by 
the fact that in muscle and yeast extracts the 
isomeric 3- and 2-pho8phoglyceric acids also 
exist in enzymic ecpiilibrium. However, the 
enzyme (enolase) W'hich catalyses the phos¬ 
phopyruvic equilibrium can be obtained by 
adsorption on charcoal almost free from the 
phosphogly ceromutase (Akano, Biochem. Z. 
1935, 2^, 110), so that starting with phos¬ 
phopyruvic acid practically no formation of 3- 
phosphoglyceric acid occurs. In these circum¬ 
stances the equilibrium between 2-pho8pho- 
glyceric acid and phosphopyruvic acid is found 
to be almost independent of temperature (itj 
contrast to that betw een the isomeric phospho¬ 
glyceric acids). 77)0 constant K—2-3 so that 
in equilibrium 70% of phos|>hopyruvic acid and 
30% of 2-phoHphoglyceric acid are present. 

Where both enzymes are present, as in dialysed 
muscle or yeast extra{ t, the final equilibrium 
depends on the temperature. At 28° the 
etjuilibrium mixture contains 3-phosphoglyceric 
acid .55-2%, 2-phoHphogly(;cric acid 13'8%, 
pho8phoy)yruvic acid 31%. 

Starting with 2-pho8plioglyceri(t acid there is 
usually a rapid formation of phosphopyruvic 
acid, and the amount of this then gradually 
diminishes as the conversion of 2-phospho- 
glyceric acid into the S-isomcride proceeds. 

The reaction is completely inhibited by sodium 
fluoride but not by iodoacetic acid. It does not 
requiie a dialysable co-enzyme. 

(c) Decomposition of Phosphopyruvic Acid .— 
Both phosphoglyceric and phosphopyruvic acids 
are readily decomposed by muscle extract 
yielding pyruvic acid and phosphoric acid, 

CHjj:C(0 POgHg) COOH+HgO 

-HgPO^+CHg CO COOH 

provided that the co-enzyme system consisting 
of adenylic acid and Mg is present, and this 
reaction forms an essential part of the schemes 
of fermentation of Embden and Meyerhof. The 
fate of the phosphoric acid and the mechanism 
of dephosphorylation are discussed later on. 

In untreated yeast-maceration extra<;t, con¬ 
taining the CO-enzyme system, the same change 
occurs, but the pyruvic acid is further decom¬ 
posed into acetaldehyde and COj. This de¬ 
composition of phosphopyruvic acid is not 
affected either by iodoacetic acid or sodium 
fluoride, whereas as mentioned above, the con¬ 
version of phosphoglyceric into phosphopyruvic 
acid is completely inhibited by sodium fluoride. 

III. Reduction of Pyeuvio Acid in Muscle 
Extract and of Acetaldehyde in Yeast 
Preparations. I. Lactic Acid Formation in 
Muscle Extract .—It was found by Embden (1933) 
that the reduction of pyruvic acid to lactic 
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acid in muscle pulp was due to reaction with 
phosphoglyceroh a phosphutriost^ being probably 
formed intermediately. 

Abundant confirmation that this reaction can 
occur was supplied by the experiments of Meyer¬ 
hof and Kicssling, wlio in 1933, following 
Erab<ien, summed up the changes, commencing 
with phosphoglyceric acid, as follows {ibid. 1933, 
264, 40). 

Phosphoglyceric acid -> Pyruvic acid-f H 3 PO 4 
Pyruvic acid-f Phosphoglyccrol 

->2 mol. Lactic acid-f H 3 PO 4 

Both these changes require the presence of a 
co-ferment system. These reactions will be 
further discussed on p. 34. 

2. Alcohol For fruition in Yeast Extract .— 
In alcoholic fermentation the changes appear 
to be identical with those just described for 
lactic acid production as far as the production 
of pyruvic acid. In yeast ])reparation 8 this is 
decomposed by the carboxylase into acetalde- 
hyde-f COg. 

The aldehyde is then reduced by interaction 
with phosphotriose (Meyerhof and Kiessling, 
ibid. 1933, 267, 313) which is simultaneously 
oxidised to phosphoglyceric acid. 

Phosphotriose-f acetaldehyde-f H ' 

Phosphoglyceric acid-f alcohol. 

This reaction is inhibited by iodoacetic acid 
but not by fluoride. Its mechanism is discussed 
later (p. 32). In the rapid production of lactic 
acid from glucose in muscle extract in presence 
of phosphate (and hexokinase), however, pyruvic 
acid reacts with phosphotriose, not phospho- 
glycerol, lactic acid and phosphoglyceric acid 
being produced (along with an equivalent amount 
of hexosediphosphate), as in the analogous 
change in alcoholic fermentation (p. 31). 
Pyruvic acid can also react with hexosediphos¬ 
phate (by way of phosphotriose) in presence of 
NaF, lactic acid and phosphoglyceric acid being 
formed. 

IV. Eqttations of Alcoholic Fermenta¬ 
tion BY Yeast Prefarations. —The reactions 
just discussed can be expressed in a simple series 
of equations which give a quantitative ac(;ount 
of the decomposition of hexosediphosphate alone, 
or in presence of glucose, by yeast preparations : 

1 . Hexoscdiphosphate ^2 Phosphotriose. 

2 . 2 Phosphotriose-f 2 Acetaldehyde 2 Phos¬ 

phoglyceric acid-f 2 Alcohol. 

3. 2 Phosphoglyceric acid 2 Pyruvic acid 

+ 2H,P0,. 

4. 2 Pyruvic acid -> 2002+2 Acetaldehyde. 

In presence of glucose the H 3 PO 4 of equation 3 

is not liberated in the free state but is transferred 
to glucose, ultimately forming hexosediphos¬ 
phate, which is then decomposed as in equation 
1 , and this series of changes usually continues 
until all the glucose has been fermented. If the 
amount of co-zymase present becomes insufficient 
for the fermentation of glucose whilst sufficient 
is present for the fermentation of hexosedi¬ 
phosphate (p. 19), inorganic phosphate may 
accumulate even in presence of glucose. 

All these reactions proceed very slowly com¬ 
pared with the rate of fermentation of glucose 
in presence of phosphate, and this is in agreement 


with the observed fact that the fermentation 
of hexosediphosphate is a relatively slow process 
(Meyerhof and Kiessling, ibid. 1935, 281, 249), 
its rate of fermentation being only 3 - 6 % and 
those of phosphoglyceric and phosphopyruvic 
acids only 10-15 and 15-20% respectively of 
that of glucose in the presence of phosphate. 

Further progress was made by Meyerhof and 
Kicssling {ibid. 1935, 281, 249), who observed 
that when the fermentation of phosphopyruvic 
acid was carried out in the presence of glucose 
and phosphate, the reaction was modified : 

{a) The rate of fermentation was greatly in¬ 
creased and became equal to or greater 
than that of glucose in the presence of 
phosphate. 

{b) The phosphoric group of the phospho¬ 
pyruvic acid appeared to be transferred 
to glucose forming hexosediphosphate. 

(c) A second molecuie of glucose became 
esterified at the expense of the inorganic 
phosphate and was decomposed into 
COg and alcohol. 

The mechanism of the reaction was discovered 
by carrying out the fermentation in presence of 
NaF. Under these conditions the second mole¬ 
cule of glucose was converted into phospho¬ 
glyceric acid and not further dianged. 

The reaction under these conditions, i.e. in 
presence of NaF, may therefore be expressed by 
the two equations: 

(5a) 2 mol. Ifliosphopyruvic acid + 1 mol. 

Glucose 1 mol. Hexosediphosjfliate 
+ 2 CO 2 + 2 mol. Acetaldehyde; 

(55) 1 mol. Glucose + 2 mol. Acetaldehyde 
+ 2 H 3 P 04->1 mol. Hexosediphosphate 
+ 2 mol. Acetaldehyde ^ 2 mol. Phos¬ 
photriose + 2 mol. Acetaldehyde 2 
mol. Phosphoglyceric acid + 2 mol. 
Alcohol; 

or summarised: 

(5) 2 mol. Phosphopyruvic acid + 2 mol. 
Glucoae+ 2 H 3 P 04 -> 2 CO 2+2 mol. Al¬ 
cohol + 2 mol. Phosphoglyceric acid 
- 1 - 1 mol. Hexosediphosphate. 

In presence of iodoacetic acid which com¬ 
pletely inhibits the oxido-reduction of phos¬ 
photriose and acetaldehyde but does not 
inhibit the decomposition of either phospho¬ 
glyceric acid or phosphopyruvic acid, the 
reaction also proceeds at the high rate, but 
takes the form 

2 mol. Phosphopyruvic acid +1 mol. Glucose 

-> 2 CO 2+2 mol. Acetaldehyde +1 mol. 

Hexosediphosphate. 

The essential point seems to be the phosphoryl¬ 
ation of the extra molecule of sugar, and it is 
only when this occurs that the high rate of 
reaction is attained. Experiments with different 
sugars and their derivatives show that the rates 
of fermentation of phosphopyruvic acid in 
presence of NaF and of phosphoglyceric and 
phosphopyruvic acids in presence of iodoacetic 
acid are intimately bound up with the rate of 
esterification and fermentation of the added 
substance. Thus fructose, glucose and mannose 
all give a large increase, hexosemonophosphate 
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a lower one, glycogen a still lower one; galactose 
gives a very low increase, dihydroxy acetone and 
glyceraldehyde a still lower one, and mannitol 
which is non-fernientable only a trace of increase 
over phosphopyruvic acid alone. These in¬ 
creases correspond with the rates of fermenta¬ 
tion of the added substances in the absence of 
inhibitants. 

These results were embodied by Meyerhof and 
Kiessling {ibid. 1935, 281 , 249) in a new scheme 
of fermentation which has now been modified 
as the result of a further analysis of the in¬ 
dividual reactions. This has been rendered 
possible by the use of a restricted system of 
enzymes in which not only were pure co-enzymes 
used but the apo-enzymes were also partially 
purified. Warburg and Christian devised a 
fermentation system of this kind {ibid. 1936, 
287 , 291) for testing the efficacy of co-zymasc 
(Co-dehydrogenase 1). 

To a solution containing hexosemonophos- 
phate (Robison fermentation ester), inorganic 
phosphate and acetaldehyde the following 
additions are made: 

(a) Two “ specific proteins ” (apo-cnyzmes), A 
and B, prepared by Negelein {ibid. 
1936, 287 , 329) from yeast-maceration 
extract by precij)itation first with acetic 
acid (A) and then wdth acetone (B). 

{b) Adenylpyrophosphate and co-dehydro¬ 
genase I. 

{c) Mg ions (Mn ions are possibly also neces¬ 
sary ; N H 4 ions are present in the yeast 
preparation A). 

A coupled reaction then occurs, which w^as 
interpreted in the following way (a different 
interpretation is given by Meyerhof and his 
colleagues, p. 30): 

1. Hexosemonophosphate -f- 2 Acetaldehyde 

+ H 2 O Pyruvic acid } Phosphoglyceric 

acid+ 2 Alcohol; 

2. Hexosemonophosphate-f H 3 PO 4 

Hcxosediphosphatc-f HjO; 

or summarised: 

3. 2 Hexosemonophosphato-f 2 Acetaldehyde 

-f 1 Phosphoric acid -> 1 Hexosediphos- 
phate-j -1 Pyruvic acid 4 1 Phosphogly ceric 
acid 4 -2 Alcohol. 

Carboxylase is absent, so that the pyruvic acid 
is not further changed. 

A further study of this system has been made 
by Meyerhof, Kiessling and Schulz {ibid. 1937, 
292, 26). Although glucose is not attacked 
under these conditions and hexosediphosphate 
only very slowly, a mixture of the two is fer¬ 
mented even more rapidly than hexoseraono- 
phosphate itself. 

Function of ^'’Proteins'' A and B .—It has 
been found that protein A is essential for the 
reaction by which hexosediphosphate is formed 
by transference of phosphate from phospho¬ 
pyruvic acid to glucose or hexosemonophosphate 
(by way of adenylpyrophosphate {see Za^er,p.34)). 
Every formation of hexosediphosphate requires 
the presence of protein A. Protein B on the 
other hand contains the apo-enzymes for the 
dehydrogenase, necessary for the production of 
hexosemonophosphate from inorganic phos¬ 
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phate, by way of adenylpyrophosphate, since 
this reaction is coupled with oxido-reduction, 
and for the various enzymes concerned in the 
production of phosphopyruvic acid from hexose¬ 
diphosphate. When protein A is omitted from 
Warburg and Christian’s system, no change 
occurs, as the hexosemonophosphate cannot be 
converted into the diphosphate which is a neces¬ 
sary preliminary to its decomposition. When, 
however, protein A is omitted from the modified 
system containing glucose and hexosediphos¬ 
phate, the following reaction occurs, the hexose¬ 
diphosphate and phosphogly ceric acid being 
respectively in equilibrium with phosphotriose 
and phosphopyruvic acid: 

{a) Hexosediphosphate (;^Phosphotriose) | 2 
Glucose^ 2 H 3 PO 44 2 Acetald(?hyde --2 
Phosphoglyceric acid (^Phosphopyruvic 
acid) f 2 Hexosemonophosphate 4 - 2 
Alcohol. 

This shows that the origin of the phosj)hoglyceric 
acid in this reac tion (and of the pyruvic acid 
formed from it in reaction {b) {heiotv)) is the 
hexo 8 cdiphos])hate and not the glucose. NaF 
makes no difference except that it inhibits the 
equilibrium betw^een phosphoglyceric acid and 
phospho]>vruvic acid. If protein A be now 
added, a further reaction occurs : 

{h) 2 Phosphoglyceric acid (;^PhoSphopyruvic 
acid) -t“ 2 Hc'xosemonophosphate ~ 2 
Pyruvic acid f 2 Hexosediphosphate. 

The sum of these tw^o reactions {a-\-b) represents 
the rapid fermentation in i)re 8 enee of glucose 
and liexo 8 edi])hosphate in the restricted system, 

{a -f b) Hexosc'diphejsphato 4 - 2 Glucose 
-f 2 H 3 PO-i 2 Acetaldehyde = 2 Alc^ohol 
-f 2 Pyruvic acid-f 2 Hexosediphosphate. 

In the unrestricted system, the pyruvic acid is 
decomposed and the summarised equation 
becomes : 

(c) Hexo8edipho8phato4-2 Gluco 8 e 4 - 2 HgP 04 
- 2 CO 2 4 - 2 Alcohol 4 2 Hexosediphos¬ 
phate. 

These observations are borne out by many 
others on the effects of varying the nature and 
quantity of the substrates present and have been 
embodied by Meyerhof in his latest scheme of 
fermentation (Meyerhof, KiessUng and Schulz, 
ibid. 1937, 292, 25, 65; see also Meyerhof, 
Ergebn. Physiol. 1937, 39, 10). 

The main features of the scheme (p. 30) 
are the following: 

1. The substance broken down to 3-carbon 
compounds is always hexosediphosphate. The 
breakdown occurs in the way already described 
by way of phosphotriose, etc. This follows 
directly from the experiments with the restricted 
fermentation system. Further proof is afforded 
by the fact that when the glucose of the modified 
fermentation test is replaced by creatine 
(-f dialysed muscle extract) the formation of 
pyruvic acid, the only possible soxirce of wliich 
is the hexosediphosphate, proceeds at the usual 
high rate. The creatine not only accepts the 
phosphate from the phosphopyruvic acid formed 
intermediately, but also takes up an equal 
quantity of inorganic phosphate, this reaction 
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Meyerhofs Scheme II oj the Stationary Phase (B) {Reaction of 2 mol. glucose). 


'I 

a I M. hexosediphosphate 1 M. phospho- 1 M. phospho- 

glyceraldehyde dihydroxyacetone 

-+• 

1 M. phosphodihydroxy- 
acetone 

ri 2 M, phoHphotriose 2 JM. glucose -f 2 M. phosphoric acid -j- 2 M. acetaldehyde —< -- 

—2 M. 3-phosphoglyceric acid -f- 2 M. hexosemonophoRphate -f 2 M. alcohol 

>.8 2 M. 3-phoaphoglyceric ^ 2 M. 2-pho8phoglyceric 2 M. phosphopyriivic acid*i 2 H 2 O 

acid. acid 

6 2 M. hexoaemono- + 2 M. phoaphopyruvic 2 M. pyruvic 2 M. hexosediphosphate 
j)ho8phate acid acid I 


} ^2 M. phos- 
photriose 


^ 2 M. pyruvic acid 2002+2 M. acetaldehyde 


being (coupled with the oxido-reduction. Four 
mol. of phosphocreatine are thus produced. 

2. The oxido-reduction of 2 mol, of phos- 
photriose and acetaldehyde, yielding phospho- 
glyceric a(ad and alcohol, is accompanied in 
presence of gluc^ose and inorganic phosphate by 
the phosphorylation of 2 mol. of glucose by in¬ 
organic phosphate to form hexosemonophosphate. 
This requires co-zymase (co-phosphorylase and 
CO-dehydrogenase) and protein B and is catalysed 
by hexosediphosphate. Hexosemonophosphate 
is thus the primary product of esterification of 
glucose. Further evidence in support of this 
conclusion is given in the section on Phosphoryla¬ 
tion (p. 37). 

3. The hexosemonophosphate is converted 
into hexosediphosphate by transference of 
phosphate from phosphopyruvic acid. (This 
requires protein A, Mg(Mn) and adenylic acid 
or other co-phosphorylase (see later, p. 34).) 

4. In agreement with Harden and Young’s 
original equation, the products formed from 2 
mol. of glucose are 2 mol. each of CO™ and 
alcohol+1 mol. hexosediphosphate. The scheme 
shows that it is in the coupled reaction (tj), in 
which 2 mol. phosphotriose are oxidised to 
form 2 mol. phosphoglyceric acid, that 2 mol. of 
inorganic phosphate are esterified to form 2 mol. 
hexosemonophosphate. These 2 mol of hexose¬ 
monophosphate are subsequently further esteri¬ 
fied to hexosediphosphate by transference of the 
phosphate of the 2 mol. of phosphopyruvic acid 
resulting from the same coupled reaction. The 
CO 2 (2 mol.) arising from the decomposition of 
the pyruvic acid thus formed is accordingly equi¬ 
valent to the inorganic phosphoric acid (2 mol.) 
which has been esterified. 

It is not yet fully understood why the oxida¬ 
tion of 2 mol. of phosphotriose should be coupled 
with the esterification of precisely 2 mol. of 
H 3 PO 4 ratheor than with less or more (cf. Need¬ 
ham and Pillai, Biochem. J. 1937, 81, 1837), but 
the reason is probably to be sought in the energy 
relations of the two changes. It has been stated 
that in the fermentation of glycogen this relation 


does not hold, more phosphoric add being 
esterified than corresponds with the CO™ evolved 
(p. 37). 

Meyerhof (Biochem. Z. 1937, 292 , 25) sug¬ 
gests that the presence of hexosemonophosphate 
in the products along with hexosediphosphate 
without disturbance of the ratio C 02 /e 8 terified 
phosphoric acid (see p. 19) may be explained 
by the transference of the phosphoric acid of 
some of the phosphopyruvic acid directly to 
glucose, a corresponding amount of hexosemono¬ 
phosphate being left unchanged. 

Fermentation of Hexosemonophosphate. 
—The experiments of Meyerhof, Kiessling and 
Schulz (ibid. 1937, 292 , 25) with Warburg and 
Christian’s restricted system (p. 29) have shown 
that in the main path of the alcoholic fermenta¬ 
tion of glucose hexosemonophosphate is pro¬ 
duced by the phosphorylation of glucose by 
inorganic phosphate (by way of adenylpyro- 
phosphate). It is then converted into hexose¬ 
diphosphate before being broken down to phos- 
photriose. This takes place by transfer of 
phosphate from phosphopyruvic acid. In War¬ 
burg and Christian’s original test hexosemono¬ 
phosphate undergoes two reactions, the first of 
which is catalysed by hexosediphosphate and 
the second of which requires protein A. 

(1) 1 Hexosediphosphate (^2 phosphotriose) 

+ 1 Hexo8emonophosphate+2 Acetalde- 
hyde+HjPO^ ->2 Phosphoglyceric acid 
+ 2Alcohol+l Hexosediphosphate. 

(2) 1 Hexosemonophosphate + 1 Phospho¬ 

glyceric acid 1 Hexosediphosphate +1 
Pyruvic acid. 

The hexosediphosphate in (1) appears to 
remain unaltered but in fact acts catalytically, 
being broken down and oxidised to phospho¬ 
glyceric acid, whilst a fresh quantity is formed 
by the phosphorylation of hexosemonophos¬ 
phate. In the presence of NaF more mono¬ 
phosphate is phosphoiylated and hence hexose¬ 
diphosphate accumulates. When hexosemono¬ 
phosphate is acted on by unrestricted yeast 
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preparations, a rapid reaction ensues if in¬ 
organic phosphate is present, part of the mono¬ 
phosphate being fermented to COj and alcohol 
and part converted into hexosediphosphate 
(Harden and Robison in “ Alcoholic Fermenta¬ 
tion ” (Harden), 1932, p. 139; Meyerhof and 
Lohmann, Biochem. Z. 1927, 185 , 113; 

Meyerhof, ibid. 1934, 278 , 80; r/. von Euler and 
Myrb&ck, Annalen, 1928, 464 , 56). The change 
has not been very thoroughly investigated, but 
it appears closely to correspond in prin<‘iple 
with reactions 1 and 2 above. An analogous 
change is produced by muscle extract. 
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In all cases, according to Meyerhof, hexose- 
monophosphate is fermented by way of hexose¬ 
diphosphate and phosphotriose. 

The Main Path of Lactic Acid Fokmatk^n 
IN Muscle Extract.— Many of the reactions 
which are involved in the production of lactic 
acid in muscle extract have been incidentally 
discussed in the foregoing pages. Meyerhof 
sums them up in the following scheme (Ergebn. 
Physiol. 1937, 39 , 69) which applies strictly to 
the changes undergone bj^'liexoses, in the absence 
of creatine, in muscle extract to which hexokinase 
has been added. 


Modified Scheme for the Main Path of Lactic Acid Formation. 


1. 2 M. hexosediphosphate ^ 2 M. phosphodihydroxyacetone -> 2 M. phosphoglycerol 

+ it 

2 M. pho 8 phv)glyccraldehyde ->2 M. 3-pho8phoglyceric acid 

2. 2 M. 3-phosphoglyceric ^ 2 M. 2-pho8phoglyeeric 2 M. phosphopyruvic acid 

acid acid 

_t 


за. 

зб . 

4a. 


or 

46. 


1 M. hexose -f 1 M. phosphopyruvic* ^ 1 M. hexosemono- f 1 M. pyruvic acid 
acid phosphate 

1 M. hexosemono- -f 1 M. phosphopyruvic 1 M. hexosediphosphate 1 1 M. pyruvic; 
phosphate acid acid 

1 M. hexose 4 - 2 M. phosphoric acid + 2 M. pyruvic* acid 4 - 1 M. hexosediphosphate 

(^ 2 M. phos- — 1 M. hexosediphosphate 4 2 M. phoaphoglyceric 4- 2 M. lactic 
photriose) acid acid 

i 


1 M. hexosemono- - 4 - 1 M. phosphoric -f 2 M. pyruvic acid 4 - 1 M. hexosediphosphate 
phosphate acid 

(^ 2 M. phos- = 2 M. hexosediphosphate 4 - 2 M. phosphoglyceric 4 - 2 M. lactic 
photriose) acid acid 

_ I 


Creatine, as already explained, acts in presence 
of the adenylic acid system as a phosphate 
acceptor, and as such it can replace the hexose 
in reaction 4a. (For a detailed discussion of 
lactic acid formation in muscle, see Pamas, 
Ergebn. Enzymforsch. 1937, 6 , 57.) 

Initial Phase of the Fermentation .—Before 
reactions 17 , 8 , By { (p. 30) can take place at the 
maximum rate, there must be a sufficient supply 
both of phosphotriose, derived from hoxosedi- 
phosphate, and acetaldehyde. As these are 
produced at a late stage of the reaction in the 
stationary phase (equations B and Q there is 
an initial phase during which the supply of 
these substances and the rate of fermentation 
gradually increase. 

Phosphoglyceric acid, from which the acet¬ 
aldehyde is derived (equations 8, B and {), is 
form^ from phosphotriose by dismutation 
and the dismutation is accompanied by the 
esterification of a molecule of glucose first to 
hexosemonophosphate and then to hexosedi¬ 
phosphate. .This reaction was formulated by 


Meyerhof and Kiessling (Biochem. Z. 1933, 267 , 
313) and embodied in their first scheme of fer¬ 
mentation {ibid. 1936, 281 , 249) as follows : 

A. Glucose -f hexosediphosphate 4- 2 H 3 PO 4 
-> [4 phosphodihydroxyacetone -> 4 phos- 
phoglyceraldehyde] -> 2 a-phosphogly- 

cerol-f 2 phosphoglyceric acid. 

It has now been further analysed into reactions 
a, jS and y of Meyerhof’s Scheme IT for the initial 
phase of the fermentation (see Meyerhof, 
Ergebn. Physiol. 1937, 89 , 65). 

The phosphoglyceric acid is then decjomposed 
according to reactions 8 and e (p. 32). 

The phosphoglycerol simultaneously produced 
takes no further part in the reaction, but is 
rapidly hydrolysed by the glycerophosphatase 
present and is the source of the glycerol which 
was first observed among the products of fer¬ 
mentation by Pasteur. 

These reactions (a, y) continue until suffi¬ 
cient acetaldehyde and phosphotriose are being 
produced for the reactions of the stationary 
phase to proceed at the maximum rate. As soon 
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Meyerhof's Scheme 11 of the Initial Phase {A) {Reaction of 2 mol, glucose). 


a 2 M. hexosedi- 2 M. phosphoglycer- ^ 2 M. phosphodihydroxy- ^ 

phosphate aldehyde acetone I ^ jyj pjjogpho- 

2 . M. phosphodihydroxy- j trioee 

acetone. J 

yS 1 M. phosphoric acid + 1 M. glucose -f 2 M. phosphotriose 

— 1 M. hexosemonophosphate + 1 M. phosphoglycerol + 1 jihosphoglyceric acid 

y 1 M. phosphoric acid 1 M. hexosemonophosphate + 2 M. phosphotriose 

1 M. hexosediphosphate + I M. phosphoglycerol + 1 M. j)hosphoglyceric acid 


8 2 M. 3'phosphoglyceric 2 M. 2-pho8phoglyceric ^ 2 M. phosphopyruvic acid + 2 H 2 O 
acid a(*id 


€ 2 M. phosphopyruvic -f 1 M. glucose 
acid 


1 M. hexosediphosphate + 2 M. pyruvic acid 

I 

__I_ 

2 CO 2 -f 2 M. acetaldehyde 


as this is the case, the fermentation passes com¬ 
pletely into the stationary j)hase and the further 
changes appear to be effected entirely by re¬ 
actions a, rj, 8, 6, J. Phosphoglycerol ceases 
to be produced, whilst the hexosediphosphate 
(which is mixed with monophosphates) accumu¬ 
lates as shown in equation 6. 

Period of Induction .—During the initial phase, 
the velocity of fermentation gradually increases, 
sometimes very slowly, until tlie rate correspond¬ 
ing with the stationary phase is reached. A pro¬ 
longed period of induction is frequently observed 
with maceration extract (von Lebedev, Ann. 
Inst. Pasteur, 1912, 26, 8) and with zymin or 
dried yeast suspended in a large volume of sugar 
solution {see Harden, “ Alcoholic Fermentation,” 
1911, p. 40). This period is abolished by the 
presence of very small amounts (()'2 millimole- 
cules) of hexosediphosphate (Meyerhof, Z. 
physiol. Chem. 1918, 102, 185), of substances 
which readily lead to its formation, such as 
adenylpyrophosphate {see Ohlmeyer, J3iochem. 
Z. 1936, 287, 226), or of the intermediate pro¬ 
ducts of its decomposition, phosphogly ceric acid 
(Lipmann, ibid. 1934, 274, 412) and phospho¬ 
pyruvic acid (Meyerhof and Kiessling, ibid. 1936, 
280, 99). Hence no prolonged induction period 
is observed with yeast juice in which, in contrast 
to what happens in maceration extract, these 
substances are produced by the autofermentation 
which is always going on. {See also on this sub¬ 
ject Harden and Macfarlane, Biochem. J. 1928, 
22, 786; Katagiri and Yamagashi. ibid. 1929,23, 
664 ; Patterson, ibid, 1931, 1693 ; Raymond 

and Levene, J. Biol. Chem. 1928, 79, 621; 
Mayer, Biochem. Z. 1927, 186, 313; Nilsson, 
Arkiv Kemi, Min., Geol. 1930, 10, A, No. 7). 

The period of gradual rise in the velocity of 
fermentation (G&ranstieg) which occurs when 
a phosphate is added to yeast preparations 
and sugar is one in which a similar increase 
of the rate of production of phosphotriose and 


acetaldehyde occurs. Its duration is greatly 
diminished in the presence of acetaldehyde and 
other reducible substances (Harden and Henley, 
Biochem. J. 1920, 14, 642 ; 1921, 15, 176) which 
act, as suggested by Nouberg, as hydrogen 
acceptors. This is probably the explanation 
of the stimulating elfect on fermentation of 
many reducible substances which has been 
observed by Ncuberg and his colleagues (Bio¬ 
chem. Z. 1918, 88, 145; 1920, 101, 239, 276; 
109,290; 1921,120,216). 

Oxido-Reduction and Phosphorylation 

In the foregoing scheme no reference is made 
to the mechanisms of the reactions. Two of the 
processes involved have received much atten¬ 
tion ; (a) the transfer of hydrogen in the oxido- 
reductions which occur; {b) the introduction of 
phosphoric groups into the sugar molecule. 

Function of (Jo-zymase (Co-dehydrogenase 
I ; Go) IN THE Reduction of Acetaldehyde 
I and Oxidation of Phosphotriose. 1 . The 
Reversible Action of Alcohol Dehydrogenase ,— 
It can readily be demonstrated by the use of 
purihed co-zymase that the reaction between it 
and alcohol only occurs in presence of a specific 
apo-dehydrogenase (prepared from yeast) and is 
reversible, the equilibrium being far to the left 
of the equation given below. 

Oof alcohol ^ Go H 2 +acetaldehyde 

Acetaldehyde in presence of GoHg will therefore 
be almost completely reduced to alcohol, and it 
is this reaction which is responsible for the pro¬ 
duction of alcohol in alcoholic fermentation. 

The change in the CoH^ can be followed ex¬ 
perimentally by measurement of the extinction 
coefficient (von Euler, Adler and Hellstrom, 
Z. physiol. Chem. 1936, 241, 239; Warburg and 
Christian, Biochem. Z. 1936, 286, 81; 287, 291). 
This reaction can also be demonstrated visually 
because the GoHg fluoresces brilliantly in ultra- 
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violet radiation. The addition of alcohol to a 
solution containing co-dehydrogenase I and its 
apo-dehydrogenase and exposed to ultra-violet 
rays (340 mp) is followed by fluorescence of 
the solution. Subsequent addition of acetalde¬ 
hyde removes the 2 atoms of hydrogen from 
almost the whole of the CoHg and the fluores¬ 
cence ceases, provided that the apo-dehydro¬ 
genase is still present, but not if it has been 
inactivated by heat. 

The constant of equilibrium is independent 
of the concentration of the enzyme but varies 
greatly with the pg (K==7*8xl0~^ at pjj 6*4; 
0-8 X 10“^ at Ph This is because the rate of 
dehydrogenation of alcohol is at its maximum 
at pH 8 whereas the rate of hydrogenation of 
acetaldehyde is at its maximum at pn 6-6-4. 

2. Fhosphotriose Dehydrogenase .—The function 
of co-zymase in the dehydrogenation of phos- 
photriose and in the dismutation of this sub¬ 
stance to phosphoglyceric acid and phospho- 
glycerol has not been so thoroughly studied as 
its function in the alcohol-acetaldehyde reaction 
because the specific apo-dehydrogenase is diffi¬ 
cult to obtain free from other apo-eiizymes. It 
has, however, been investigated by experiments 
in which the hydrogen taken up by the Co from 
the substrate is transferred from the resulting 
L'oH 2 to Methylene Blue. This does not occur 
directlj^ but probably in the main by way of 
the enzyme diaphorase (von Euler, see }>. 346) 
and only to a smaller extent by way of War¬ 
burg’s flavin enzyme. These enzymes have the 
property of taking up 2H from the C’oHg and 
transferring it to the Methylene Blue, which is 
thereby decolorised. It has thus been found 
(von Euler and Adler, Arkiv Kemi. Min., Geol. 
1936,12, B, No. 16) that in a mixture containing 
apo-dehydrogenase (alcohol precipitate from 
yeast maceration extract; von Euler and 
Adler, Z. physiol. Chem. 1934, 226, 196, 205), 
co-zymase, diaphorase, phosphate buffer of Ph 
7-6 and Methylene Blue, rapid decoloration 
occurs when phosphoglyceraldehyde is added, 
but only when co-zymase and diaphorase (or 
flavin enzyme) are present. 

Dismutation of Phosphotriose to Phospho- 
glyceric Acid and Phosphoglycerol (Glycerophos- 
phoric Acid ).—As already explained (p. 316), this 
change is only of importance in the processes of 
alcoholic fermentation and lactic acid production 
in the initial stage and is replaced by the oxido- 
reduction of phosphotriose and acetaldehyde 
(or pyruvic acid) as soon as sufficient of these 
compounds is being produced for the establish¬ 
ment of the stationary phase in which acetaldo- 
hyde (or pyruvic acid) acts as a hydrogen 
ac( 5 eptor. The reaction may be formulated as 
follows (Adler and Hughes, ibid. 1938, 253, 71), 
the transfer of hydrogen being effected as in the 
case of the alcohol dehydrogenation by way of 
the reversible change Co CoH^. 

(а) Phosphotriose (phosphoglyceraldehyde) 

+ Go-phosphotriose - apo-dehydrogenase 
Phosphogly ceric acid -f- CoH^- phos¬ 
photriose—apo-dehydrogenase. 

( б ) Phosphotriose (phosphodihydroxyacetone) 

-f GoHj ~ phosphoglycerol- apo-dehydro¬ 
genase ^ Phosphoglycerol-f Go-phospho- 
glycerol-apo-dehydrogenase. 

VoL. V.—3 
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Different apo-dehydrogenases but the same co- 
dohydrogenase (co-zymase) are required for the 
two reactions. Evidence in support of this inter¬ 
pretation of the facts is that an extract can be 
prepared from brain which ( an effect the oxida ¬ 
tion of phosphotriose to phosphoglyceric acid, 
but not its reduction to phosphoglycerol (absence 
of phosphoglycerol-apo-dehydrogenase) or the 
oxido-rcduction of phosphogly/cerol and pyruvic 
acid (Adler and Hughes, l.c.). In such an extract 
the presence of the phosphotriose dehydro¬ 
genase can be demonstrated by the reduction of 
Methylene Blue when diaphorase (p. 34) is 
added and the production of CoH^ (Eq. a in the 
scheme on p. 336) can be demonstrated spectro¬ 
scopically. In muscle extract which contains all 
three dehydrogenases the 6 ’oH 2 is rapidly 
dehydrogenated and cannot be detected .spectro¬ 
scopically. 

It has been already stated that in all these re¬ 
actions it is the complex of co-dehydrogenase 
and apo-dehydrogenase which reacts with the 
substrate. 

In contrast with this “ two enzyme theory ” 
of the mechanism of this reaction, is the opinion 
held by Green and his colleagues (Dewan and 
Green, Biochem. J. 1937, 31, 1074; 1938, 32, 
626; Green, Needham and Dewan, ibid. 1937, 
31, 2327; Straul), Corran and Green, Nature, 
1939, 143, 119), who consider that the dismutu- 
tion is effected by a single enzyme, phospho- 
triosernutase^ which probably has two active 
centres. 

The experiments of Quastel and Wheatley 
(Biodiem. J. 1938, 32, 936) on the enzymic 
reduction of K ferricyanide by various sub¬ 
strates in presence of muscle extract afford very 
strong evidence against the existence of specific 
mutases for these reactions. 

3. OxidoJteduction of Phosphoglyceraldehyde 
and Acetaldehyde .—The cpiestion of the enzymic 
transference of hydrogen from pliosphoglycer- 
aldehyde to acetaldehyde in presence of co- 
zymaso Co I was studied (von Euler, Alder and 
Kyrning, Z. physiol. Chein. 1936, 242, 215) by 
examining various apo-dehydrogena.se prepara¬ 
tions from yeast by means of the Methylene Blue 
technique for their ability in presence of co¬ 
zymase to activate alcolufl, phosphotriose and 
hexosediphosphate. It w^as thus found that 
different apo-dehydrogenases are required for 
the reactions with alcohol and pho.sphotrio 8 e. 
Hexosediphosphate only reacts in these con¬ 
ditions when zymohexase (aldolase) is present, 
which produces phosphotriose from it enzyrai- 
cally. 

An apo-dehydrogenase specific to the alcohol 
reaction and inactive towards phosphotriose can 
bo prepared by autolysing bottom yeast in 
presence of ethyl acetate and partially precipi¬ 
tating with alcohol. A solution of this precipi¬ 
tate in water is then treated with 3 vol. saturated 
ammonium sulphate solution and the precipitate 
dissolved in water and dialysed. An apo-de¬ 
hydrogenase for the phosphotriose reaction has 
so far been obtained only as a mixture with the 
aleohol-apo-dehydrogenase. 

In the light of these experiments von Euler 
(Ergebn. Physiol. 1936, 38, 1; von Euler, Adler 
and Hellstrbm, Svensk Kern. Tidskr. 1935, 47 , 
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290; Z. physiol. Chem. 1930, 241, 239) sug¬ 
gested that theoxido-reductionof phosphotriose 
and ac^etaldehydr to phosphoglyceric acid and 
alcohol might take place in the following stages. 

is the apo-dehydrogcnase specific to phos- 
photriose ; that specific to alcohol; R .C HO 
is phosphotriose; F flavin enzyme; co-zymase {Co) 
is the dissociable prosthetic group of both of these 
apo-dehydrogenases and is distributed between 
them. 

1. R CHO+HgO+DTCo 

^ R COOH+DTt^oHg 

2. DTCoHg+F DTr;o+FHj,. 

3. D^CVf FHg ^ DAroHg f F. 

4. DAC'oH^+CHaCHO 

^ DACo+CHa CHg-OH 

The intervention of the flavin enzyme is not 
accepted by all workers {see Warburg, Die 
Lmschau, 1938, Heft 2), and in view of later 
work its place should perhaj)s be taken by 
diaphorasc {see below). 

OXIDO-ReDUCTION of PllOSniOTRIOSE AND 

Pyruvic Acid. —The changes which occur in 
lactic acid formation in muscle extract may 
probably be formulated in a similar manner to 
those in yeast preparations just described, sub¬ 
stituting pyruvic acid and lactic acid for acet¬ 
aldehyde and alcohol. Co-zymase and two apo- 
dehydrogenases appear to bo involved—phos¬ 
photriose—and lactic—apo-dehydrogenase. 

OxiDo-R eduction of Phospiioglyceeol and 
Pyruvic Acid, yielding phosphotriose and lactic^ 
acid, is of importance in the process of lactic acid 
formation in muscilc extract and is to be formu¬ 
lated on similar lines to the oxido-reduction of 
phosphotriose and pyruvic a(;id, co-zymase and 
two distinct apo-dehydrogenases—phosphogly- 
cerol—and lactic—apo-dehydrogenases—being 
involved {see Adler, von Euler and Hughes, Z. 
physiol. Chem. 1938, 252, 1). 

The reactions which occur in j'cast prepara¬ 
tions are similar to those which occur in muscle 
extract, but as already explained (p. 3), phos- 
phoglycerol does not appear to react with 
acetaldehyde but is rapidly hydrolysed with 
formation of glycerol and phosphoric acid {see 
Adler and Gunther, ibid. 1938, 253, 143). 

Diaphorase. — {Green's co-enzyme factor.) 
The dehydrogenation of C’oHg cannot bo 
directly effected by such hydrogen acceptors as 
Methylene Blue or molecular oxygen, but pro¬ 
ceeds by way of a specific enzyme which is 
present in muscle extract and is termed dia¬ 
phorase by von Euler, co-enzyme factor by 
Green (Adler, von Euler and Hellstrdm, Arkiv 
Kemi, Min., Geol. 1937, 12, B, No. 38; Adler, 
von Euler and Hughes, Z. physiol. Chem. 1938, 
252, 1; Dewan and Green, Nature, 1937, 140, 
1097; Green, Dewan and Leloir, Biochem. J. 
1937, 81, 76). Its specific function is to transfer 
the hydrogen of CoHj cytochrome or Methy¬ 
lene Blue, etc. According to Straub, Corran and 
Green (Nature, 1939, 143, 119) it is a flavopro- 
tein, found also in heart muscle (Straub, ibid, 76), 
the prosthetic group of which is a flavin-adenine 
dinucleotide. Warburg’s yellow enzyme, which 
is a flavoprotoin, the prosthetic group of which 
is phospholactoflavin* (pho8pho-6:7-di-methyl- 
9"d*l'-ribityl-isoalloxazine; see Karrer and 


Meerwein, Helv. Chim. Acta, 1936, 19, 264) 
discharges a similar function, but is much less 
efficient than dia-phorase. 

Another enzyme of analogous properties 
(distinguished as diaphorase 11) is present in 
many animal tissues and dehydrogenates Coll H 2 
and transfers the hydrogen to Methylene Blue or 
cytochrome (Adler, von Euler and Gunther, 
Nature, 1939, 143, 641). 

Function of Co-zymase in Lactic Acid 
Formation in Muscle Extract. —Until re¬ 
cently no experimental evidence had been 
obtained of the intervention of a co-dehydro¬ 
genase in the production of lactic acid in muscle 
extract, although the nature of the changes 
involved (oxido-reduction of pyruvic acid and 
phosphotriose yielding lactic acid and phospho¬ 
glyceric acid) rendered it })robabIo, from analogy 
with alcoholic fermentation, that su(;h a co- 
enzyme was present. Dialysed muscle extract 
(+adenylic acid d Mg) converted glycogen into 
lactic acid without the addition of a dehydro¬ 
genase {see Lohmann, Biochem. Z. 1931, 241, 
60). Very prolonged dialysis irreversibly in¬ 
activated the enzymes so that the faculty of 
converting glycogen into lactic acid could not 
be restored. 

It has since been found (Meyerhof and Ohl- 
meyer, Naturwiss. 1936, 24, 741; Biochem. Z. 
1937, 290, 334) that prolonged dialysis of muscle 
extract (36-48 hours) renders it incapable of 
bringing about the oxido-reduction of pyruvic 
acid and phosphotriose (or of hexosodiphosphato 
in presence of zymohexase) either alone or in 
presence of adenylic acid and magnesium. The 
addition of co-zymase restores the activity com¬ 
pletely. As little as 0-4 pg. of a 40% active 
“ co-zymase ” restored 10%, 5 pg. 60% and 
150 pg. the whole of the original activity. All 
these experiments were carried out in presence 
of NaF to prevent the further decomposition of 
the phosphoglyceric acid. 

von Euler and his colleagues (Adler, von 
Euler and Hellstrdm, Nature, 1936, 138, 968; 
von Euler, Adler and Gunther, Arkiv Kemi, 
Min., Geol. 1936, 12, B, No. 31; von Euler, Adler, 
Gunther and Hellstrdm, Z. physiol. Chem. 1937, 
245, 217) have confirmed these observations 
and have also shown by direct spectroscopic 
measurements that Co and GoH# take part 
(a) in the reversible acJtion of heart-muscle 
dehydrogenase on lactic acid, for which a 
co-enzyme was known to be necessary (c/. 
Green and Brosteaux, Biochem. J. 1936, 30, 
1489); {b) in skeletal muscle extract in the 
reversible dehydrogenation of lactic acid and 
in the reduction of phosphoglyceraldehyde to 
phosphogly cerol. 

Phosphorylation 

1. Phosphorylation by the Adenylic 
Acid System in Lactic Acid Formation.— 
After Lohraann’s (Biochem. Z. 1931, 237, 446) 
discovery that the readily dialysable co-enzyme 
of lactic acid formation in muscle extract 
consisted of two parts {see p. 186): (a) 
magnesium, (6) adenylpyrophosphate (adeno- 
sinetriphosphate), it was early suggested 
(Meyerhof and Lohmann, Naturwiss. 1931, 
19, 376; Biochem. Z. 1932, 258, 431) that the 
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esterification by phosphoric acid (phosphory¬ 
lation) which precedes the decomposition of the 
carbohydrate in lactic acid formation is accom¬ 
panied by a partial dephosphorylation of the 
adenylpyrophosphate, which is resynthesised in 
the further course of the reaction. Evidence 
that this was actually the (^ase gradually accu¬ 
mulated (for reference to early instances of this 
kind, ste, Meyerhof and Kiessling, Biochem. Z. 
1935, 283, Ififi). 

The next positive step was made by Lohmann 
{ibid. 1934,271,264), who showed that in dialysed 
muscle extract phosphoric acid groups were 
transferred from phosphofTcatine to adenylic; 
acid yielding adenylpyrophosphate and creatine;: 

2 t^hosphocreatine4 Adenylic acid 

-> 2 Creatine+Adenylpyrophosphate, 

The next important advance was made by 
Farnas and his colleagues, llamas was led to 
these investigations by observations on the pro¬ 
duction of ammonia in muscle pidp. The origin 
of the ammonia was trjused to the action of a 
specific dtamim.8& on the adenylic acid formed 
by the partial dephosphorylation of adenylpyro¬ 
phosphate by a phosphafAisc present in the 
muscle; the adenylpyrophosphate itself is not 
attacked by the deaminase : 

Peaminafic 

Adenylic acid- > Inoainic acid-j-N Hg 

When conditions were favourable for the re¬ 
synthesis of adenylpyrophosphate from the 
adenylic acid, the liberation of ammonia ceased. 
(For a general account of this work,«ec Pariias, 
Klin. Woch. 1935, 14, 1017; Ergebn. Enzym- 
forsch. 1937, 6, 57.) 

Parnas and his colleagues (Parnas and Ostern, 
Nature, 1934, 134, 627; Parnas, Ostern and 
Mann, Biochem. Z. 1934, 272, 64; 1935, 275, 
74) found that when adenylpyrophosphate w’as 
added to muscle pulp poisoned by iodoacetic 
acid, the adenylpyrophosphate was decomposed 
and deaminated; scarcely any phosphoric acid 
was liberated, but, as judged by the rate of 
hydrolysis of the products by A-HCI at 100, 
hexosediphosphate was formed. Hence the 
change which had occurred was presumed to be 

Adenylpyrophosphate-f glycogen 

-V Adenylic acid-fHexo8edij)hosphate 
Adenylic acid -> Inosinic acid-f N Hg 

The decomposition of the adenylic acid under 
these conditions was stopped by the addition of 
phosphogly ceric acid, and adenylpyrophosphate 
and phosphocreatine were then found to be 
present. Hence it was presumed that the phos¬ 
phoric group of phosphoglyceric acid, or of 
some closely related derivative (subsequently 
found to be phosphopyruvic acid, Parnas, 
Ostern and Mann, Biochem. Z. 1935, 275, 163), 
was transferred to creatine and adenylic acid. 
Whether the phosphorylation of creatine was 
direct or indirect was not at first determined, 
but this information was subsequently supplied 
independently and almost simultaneously by a 
number of workers (Ostern, Baranowski and 
Reis, ibid. 1936, 279, 985 ; Ijchmann, ibid. 1935, 
281, 271; Meyerhof and Lehmann, Naturwiss. 
1936, 23, 337; Needham and van Heyningen, 


Biochem. J. 1935, 29, 2040; Nature, 1935, 136, 
585), who found that adenylic acid was essential 
for the change, whereas cTcatine alone had no 
effect and was not phosphorylated unless 
adenylic acid were present. 

(1) 2 Phosphopyruvic acid j Adenylic acid 

-> 2 Pyruvic acid -f Adenylpyrophosphate. 

(2) Adenylj)yropho8phate } 2 Creatine 

Adenylic acid-f 2 PhosphocToatine. 

Reaction 2 is the reverse of Lohmann’s reaction 
and it appears that the reaction is reversible, an 
equilibrium being in all eases attained. 

The importan(*o of the observations made by 
Parnas and his eolleagues Jay in the fa(‘t that 
they proved that the adenylpyrophosphate was 
reconstituted during the glycolysis from the 
adenylic acid formed at another stage of the 
decomposition {see equations 1 and 2, p. 185). 

Phosphorylation and Fermentation of Ilexoses 
in Muscle AV/mci.—Muscle extract, prepared by 
extracting rabbit or frog muscle in the cold with 
water or KCI solution, rapidly eonvorts gly¬ 
cogen into lactic acid in prcsen(;c of phosphate, 
hexosephosphoric esters, chiefly the diphos¬ 
phate, acTurmdatiiig as in the alcoholic fermen¬ 
tation of glycogen by yeast preparations (p. 365). 
The extract only attacks the fermentable 
hexoses slowly, hut in the presence of a thermo- 
labile activator {hexohnase)., obtained from auto- 
lysed yeast by prpfi]>itation with alcohol, it 
rapidly c-onverts added hexoses in the presence 
of phosphate into lactic acid (Meyerhof, Bio- 
ehera. Z. 1927, 183, 176). Hexokinase has been 
fouml to be an apo-phosphoryl<is€^ capable of 
catalysing the transference of phosphate from 
adenylpyrophosphate to the hexoses, with for¬ 
mation of hexosemonophosphate (Meyerhof, 
Naturwiss. 1935, 23, 850), which is readily 
attacked by the muscle enzyme. 

Fii(3sphorylation by the Adenyuc Acti) 
Sy.stem in Alcoholic Fermentation. —Adenyl- 
pyrophospliate has been isolated from yeast in 
the pure state Wagner-Jauregg, Z. physiol Chem. 

1936, 238, 129; see also von Euler, Adler and 
Petursson, Svensk Kcm. Tidskr. 1935, 47, 249). 
It probably o(;eurs in fresh yeast in the form of 
diadenosine-5-5'-tetraphosphoric acid (Meyerhof 
and Kiessling, Naturwiss. 1938, 26, 13). The 
adenineniicleotide (yeast adenylic acid) formed 
hy the hydrolysis (enzymic or otherwise) of 
yeast nucleic acid is adenosine-S-phosphoric acid 
and has no co-enzymic activity. It is rapidly 
hydrolysed by a phosphatase present in yeast 
to form adenosine and phosphoric acid. This 
adenosine is converted into adenosine-S-phos- 
phoric acid (muscle adenylic acid), not the 
original 3-phosphoric acid, by treatment in 
presence of yeast extract with hexosediphos¬ 
phate and phosphoric acid (oxido-reductive 
phosphorylation) or with phosphoglyceric acid. 
(Ostern and Terszakowee, Z. physiol. Chem. 

1937, 250, 155; Ostern, Baronowski and 

Terszakowee, ibid. 1938, 251, 258; Ostern, 
Terszakowee and St. Hubl. ibid. 1938, 255, 104.) 

It was shown independently and almost simul¬ 
taneously hy Lutwak-Mann and Mann (Biochem. 

Z. 1935, 281, 140) and, less definitely, by von 
Euler and Adler (Arkiv Kemi, Min., Geol. 1935, 
12, B, No. 12) that adenylic acid added to yeast 
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preparations played essentially the same part 
as in muscle cxtrac't in the transference of the 
phosphate group from phosphopyruvic acid to 
glucose. The former workers, by the use of a 
fixation method, demonstrated the production 
of pyruvic acid in the reaction. They also 
showed that when added to hexosediphosphate 
in yeast-maceration extract adenylic acid was 
converted into adenylpyrophosphate and con¬ 
versely that the pyrophosphate added to glucose 
yielded hexosediphosphate. 

Adcnylpyrophosphate-f glucose ^ adenylic acid 

-f hexosediphosphate. 

This last reaction they regarded as the starting 
point of alcoholic fermemtation. 

According to Ostern and his colleagues (/.c.) 
muscle adenylic acid may function in the trans¬ 
fer of phosphate groups in yeast preparations 
either by cyclic conversion into adenosine, or by 
being further phosphorylated to adenosinedi- 
phosphoric acid and adenosinetriphosphoric acid 
(adenylpyrophosphate). In muscle extracts the 
dephosphorylation of adenylpyrophosphate does 
not proceed below the adenosinemonophosphate 
(adenylic acid) stage and under some conditions 
only goes as far as adenosinediphosphorio acid 
(see Meyerhof, Schulz and Schuster, Biochem. Z. 
1937, 293, 309). Under suitable conditions 
adenosine, adenosinephosphoric acid and adeno- 
sinediphosphoric acid can all act as phosphate 
acceptors; the mono-, di and tri-])ho8phoric 
acids as donators. 

PnOSniORYLATION BY INORGANIC 1’HOSPHATE. 
—All the cases of phosphorylation so far con¬ 
sidered have involved the transference of phos¬ 
phate from one compound to another without 
any increase in the total amount of combined 
phosphorus. There arc several reactions, how¬ 
ever, in the processes of alcoholic fermentation 
and lactic acid formation by preparations of 
yeast or muscle in which inorganic phosphate is 
estcrified. 

1. Phosphorolysis of Glycogen: A. In Muscle 
Extract .—When glycogen and inorganic phos¬ 
phate are added to muscle extract which has 
been submitted to autolysia and dialysis, gly¬ 
cogen and inorganic jDhosphate disappear and 
hexosemonophosphate (Embden ester) is formed 
(Ostern, Guthke and Terszakowee, Z. physiol. 
Chem. 1936,243, 9). The method maybe used 
for the preparation of hexosemonophosphate, 
but unless care is taken the product may contain 
glycogen. The addition of adenylpyrophos¬ 
phate or phosphocreatine is not required for the 
reaction, and under the foregoing conditions it 
only occurs with glycogen and not with glucose 
or fructose. 

Pamas (see Ergebn. Enzymforsch. 1937, 6, 
57) regards the process as a phosphorolysis in 
which phosphoric acid plays the part played by 
water in hydrolysis. There is no indication of 
the intermediate formation of glucose or any 
other hexose. Muscle, however, contains an 
active amylase (see Willstatter and Rohdewald, 
Compt. rend. Trav. Lab. Carlsberg, 1938, 22, 
663) so that the possibility of amylase action 
has uO be considered. 

If adenylpyrophosphate is added to the mix¬ 
ture in which hexosemonophosphate has been 


produced, a further reaction, which is not in¬ 
hibited by iodoacetic acid, occurs and the 
hexosemonophosphate is converted into hexose¬ 
diphosphate 

2 Hexosemonophosphate + Adenylpyrophos¬ 
phate 2 Hexosediphosphate + Adenylic 
acid. 

Confirmatory evidence that the formation of 
hexosediphosphate in muscle extract takes this 
indirect course is furnished by the effect on the 
process of phloridzin, which inhibits the for¬ 
mation of the monophosphate much more 
strongly than its further phosphorylation. 
Hence in autolysed and dialysed muscle extract 
containing monoiodoacetic acid and phloridzin 
no hexosemonophosphate is formed from gly¬ 
cogen and phosphate, whereas when mono¬ 
phosphate and adenylpyrophosphate are added 
hexosediphosphate and adenylic acid (which 
becomes deaminated) are formed. 

The role of co-enzymes in this reaction has 
been much discussed. Pamas at first (Ergebn. 
Enzymforsch. 1937, 6, 57) held the view that 
no co-enzyme was required, but subsequently 
(Pamas and Mochnacka, Compt. rend. Soc. 
Biol. 1936, 123, 1173) found that some muscle 
extracts could be inactivated by autolysis and 
dialysis and by other methods, and could then 
bo reactivated by adenylpyrophosphate, adenylic 
acid or inosinic acid, von Euler also considers 
(Bauer, von Euler and imndberg, Z. physiol. 
Chem. 1938, 255, 89) that the adenylic acid 
system is required and in this he is supported by 
Kendal and Stickland (Biochem. J. 1937,31,1758; 
1938, 82, 572). As regards the nature of the 
hexosemonophosphate formed, it seems probable 
that the first product is the non-reducing Cori 
ester (glucopyranose-1-phosphate ; see p. 226), a 
glycosidic linkage being first formed between 
the phosphoric acid and the hexose, and that, 
under the influence of a enzyme system, the 
action of which is greatly accelerated by mag¬ 
nesium ions, the phospho-group wanders to the 
6-carbon atom, glucopyranose-fi-phosphate being 
formed which in its turn passes into the equili¬ 
brium Embden ester (Cori, Colowick and Cori, 
J. Biol. Chem. 1937, 121, 465). 

It should be emphasized that of the hexose- 
monophosphates which are known to occur in 
the crude hexosemonophosphate obtained either 
in muscle extract or in yeast preparations, i.e. 
glucose-, mannose- and fructose-6-phoBphate, 
only the last can be converted by direct phos¬ 
phorylation into hexosediphosphate (fructose- 
lib-diphosphate). Lohmann’s phosphohexo- 
mutase (Biochem. Z. 1933, 262, 1937), however, 
rapidly converts any one of these monophos¬ 
phates into an equilibrium mixture of all three 
(see p. 22a). Hence, in presence of this enyzme, 
further phosphorylation of hexosemonophos¬ 
phate may proceed in every case by way of 
fructose-b-phosphate. 

B. Phosphorylation of Glycogen and Hexoses by 
Yeast Preparations .—In the fermentation of 
glycogen, present in or added to a yeast pre¬ 
paration, the relation between fermentation and 
esterification is different from that which obtains 
in glucose fermentation, the ratio of phosphoric 
ester produced to CO, evolved being much 
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higher {see also p. 196). In presence of fluoride, 
which completely inhibits the esterification of 
the hexoses, the fermentation (evolution of COj) 
of glycogen is almost completely inhibited, 
whereas esterification still goes on, although 
more slowly (70%), and hexosediphosphate accu¬ 
mulates along with phosphoglyceric acid and 
phosphoglycerol formed from the diphosphate. 
If acetaldehyde be present, phosphoglyceric acid 
is the main product of the oxido-reduction. In 
presence of N a F this oxido-reduction is catalysed 
by the hexosediphosphate produced from the 
glycogen. 

Isolated observations were early recorded, 
which pointed to the probability that hexose- 
monophosphate was the primary product of the 
phosphorylation both of glycogen and hexoses 
by yeast preparations. Thus Nilsson (Arkiv 
Kemi, Min.,Oeol. 1930, 10, A, No. 7) found that 
when washed dried yeast, free from co-zymase 
but containing glycogen, was treated with phos¬ 
phate, hexosemonophosphato w as formed. This 
reaction was inhibited by iodoacetato but not 
by fluoride (Nilsson, Zeile and von Euler, Z. 
physiol. Chem. 1931, 194, 63). 

According to Schilffner and his colleagues 
{ibid. 1936, 232, 213; 234, 146; 1936, 238, 
111; 1938, 261, 144) the systems required for 
the phosphorylation of glucose and glycogen in 
yeast preparations are quite distinct and can 
be experimentally separated. Dialysed I^bedev 
extract phosphorylates glycogen without any 
addition of co-enzymes, but only phosphorylates 
glucose when co-zymase and Mg are added, 
and when the coupled oxido-reduction of phos- 
photriose occurs simultaneously. One com¬ 
ponent of the Lebedev extract which is essential 
for the phosphorylation of glucose is very 
sensitive to alkali (p^ 8-6), but this component 
is not required for the phosphorylation of 
glycogen. The product in both cases is hexose- 
monophosphate. 

2. Phosphorylation op Mannose by Yeast 
Preparations. —It has been found (Jepheott 
and Robison, Biochem. J. 1934, 28, 1844) that 
when dried yeast acts on mannose at 38"^ only 
a comparatively small proportion of hexose¬ 
diphosphate is produced and the large mono¬ 
phosphate fraction consists almost entirely 
of manno80-6-phosphate, whereas at 25° more 
hexosediphosphate is formed and the mono¬ 
phosphate fraction contains more glucose- and 
fructose-phosphates. A suggested explanation, 
which requires further experimental confirma¬ 
tion, is that normally mannosemonophosphate 
is the first product, but passes, under the in¬ 
fluence of Lehmann’s phosphohexomutase (p. 22a) 
into a form which is converted by direct phos¬ 
phorylation into hexosediphosphate. At the 
higher temperature the action of this enzyme 
may be supposed to be inhibited and the 
mannos'e monophosphate remains unchanged. 

Direct evidence that in the fermentation 
of glucose by yeast preparation the formation 
of hexosemonophosphate precedes that of the 
diphosphate was obtained by Meyerhof (Bio¬ 
chem. Z. 1934, 27, 380) by estimating the 
amounts of the two esters at intervals during 
the first 20 minutes of the fermentation. It was 
also found that the esterification preceded the 


evolution of CO 2 {see also Boyland, Biochem. J. 
1929,23,219; 1930,24,7). 

The interesting hypothesis that the first stage 
in the fermentation of sugars by j'^east is their 
condensation to glycogen wluch is subse^quently 
converted into alcohol and COn has been sup¬ 
ported by Willstatter and Rohdewald (Z. 
physiol. Chem. 1937, 247, 269) mainly on the 
ground that when yeast is added to a solution 
of glucose, a definite amount of the sugar dis¬ 
appears from the solution before fermentation 
can be detected and this amount can be recovered 
from the washed yeast by hydrolysis with acid 
or by Pfliiger’s method. However, the differ¬ 
ences mentioned above between the phenomena 
of fermentation of glycogen and of glucose 
provide a strong argument against Willstatter 
and Rohdewald’s explanation of their obser¬ 
vations {see also Myrback, Ortenblad and 
Ahlborg, Enzymologia, 1937, 3, 210); Goda, 
Biochem. Z. 1938, 298, 431). 

3. Phosphorylation of Glucose by In¬ 
organic Phosphate in Presence op Phos- 
photriose, Acetaldehyde and Traces of 
Hexosediphosphate. —This is the main reaction 
in which esterfication is effected by inorganic 
phosphate (Equation 1 ; in Meyerhof’s scheme). 
It has already been discussed on p. 30, where 
it was shown (a) that the presence of a co-phos- 
phorylase was essential, and (6) that the esteri¬ 
fication of the phosphate was coupled with oxido- 
reduction of phosphotriose and acetaldehyde. 

This reaction has been intensively studied 
by Needham and Pillai (Biochem. J. 1937, 31, 
1^17) and by Meyerhof and his colleagues (Bio¬ 
chem. Z. 1937, 293, 309; 1938, 297, 90, 113). 
The former workers found that in an aqueous 
extract of the aectonc-powdor prepared from 
muselo extract the esterification of adenylic 
acid {AA) by inorganic phosphate to form 
adenylpyrophosphato {ATP ; adenosine triphos¬ 
phate) was coupled with the oxido-reduction of 
phosphotriose and pyruvic acid (yielding phospho- 
glyceric acid and lactic acid) and did not 
proceed unless oxido-reduction occurred simul¬ 
taneously. The phosphorylation could be coupled 
with several other oxido-reductions : dismutation 
of phosphotriose, oxido-reduction of phospho¬ 
triose and oxaloacetic acid or of phosphoglycerol 
and pyruvic acid but not of glyceraldehyde and 
pyruvic acid or oxaloacetic acid. 

Meyerhof, working with a restricted system of 
enzymes based on the employment of the B 
protein from yeast {see p. 296), has found that 
in these conditions the coupled reactions are the 
esterification of adenosine-diphosphate {ADP)^ 
not by inorganic phosphate, yielding ATP^ 
and the union of co-zymase with hydrogen, 
derived most probably from the phosphogly- 
ceraldehyde form of phosphotriose, yielding 
phosphoglyceric acid and dihydro-co-zymase ; 

(1) ADP^H^PO^^ ATP; 

(2) Co+phosphoglyceraldehyde 

^ Go H 2 +phosphoglyceric acid; 

or summarised: 

(3) A DP -f Hg P 04 -f Go -b phosphoglyceralde- 

hyde^^TP -f GoHg + phosphoglyceric 

acid. 



38 


FERMENTATION, ALOOHOLir. 


When glucose is present a further reaction 
occurs and A I)t* is reformed along with hexose- 
monophosphate : 

( 4 ) ATP^ glucose . 4 Z>iM hcxosemonophos¬ 

phate. 

The rtjaction repres('nt(‘d by the summarised 
equation (5) : 

(5) ADF H 3 PO 4 4 -phosphoglyceraldehyde 

-I" Co 4 glucose -V ylTP+phosphoglyceric 

acidf CoHgd hexosemonophosphate 

proceeds in presence of B protein until prac¬ 
tically the whole of the co-zymase is reduced. 
The reduction of co-zymase by alcohol (or lactic 
acid) and the dehydrogenation of CoH^ by 
acetaldehyde (or pyruvic acid) are not coupled 
with phosphorylation. 

Reactions (1), (2) and (3) are reversible. Direct 
experimental evidemre has been obtained that 
in the presence of protein B from yeast, phos- 
phoglyceric acid and reduced co-zymase react to 
form phosphotriose and co-zymase and that this 
change is coupled with the liberation of one PO 4 
group from ATPy yielding A DP. Mixtures 
made up ( 10 “^ilf) to correspond with the mole¬ 
cular quantities in the two sides of equation ( 3 ) 
attain approximately the same equilibrium ( 2/3 
of Co and 1/3 of CoH^), and this is affected by 
excess of any of the constituents in general 
agreement with the law of mass action. As the 
active mass of some of the components {e.g, 
co-zymase, pho 8 X)hoglyceraldehyde) may differ 
very materially from the amounts added, no 
very close agreement can be expected. 

When the amount of Co present is diminished 
to catalytic proportions and alcohol is added 
the following reaction ( 6 ) oc'curs : 

(0) Phosphoglyceric acid 4 alcohol + ATP 

-> Phosphotriose -f aldehyde -}- A DP 

+ H 3 PO 4 . 

If KCN is used as a fixative for phosphotriose 
the reaction represented by equation ( 3 ) read 
from right to left goes almost to completion, as 
does also the reaction corresponding with equa¬ 
tion ( 6 ). 

As regards the energy relations of the coupled 
reaction, it is pointed out by Meyerhof that the 
induced (endothermic) phosphorylation of ATP 
is rendered possible by the spontaneous (exother¬ 
mic) oxido-rcduction of phosphoglyceraldehyde 
and co-zymase, whilst in the reverse reaction the 
induced reduction of phosphoglyceric acid and 
dehydrogenation of C'oHg are rendered possible 
by the energy derived from the spontaneous 
hydrolysis of ATP^ yielding A DP and phos¬ 
phoric acid ( 4 - 11,000 g.-cal.). 

Phosphorylation by Co zymase. —^Much 
work has been done on this subject without a 
definite result having been obtained. The 
earlier investigations all tended to show that 
co-zymase could replace adenylic acid both in 
muscle and yeast preparations and that it played 
a similar part to adenylic acid in aiding the 
transference of phosphate (von Euler and 
Gunther, Z. physiol. Chem. 1935, 235, 104; 
287,221; 1936,239,83; von Euler and Vestin, 
ibid, 1935, 237, 1; Vestin, ibid. 1936, 240, 99; 
von Euler and Adler, Arkiv Kemi, Min., Geol. 


1935, 12, B, No. 12). A remarkable feature of 
these experiments was that co-zymase which 
had been heated with () ()3 A^-NaOH, and there¬ 
by inactivated as regards the initiation of 
alcoholic fermentation, was still abhi to rej)la(!e 
adenylic- acid and was even more active than 
the original untreated preparation. These* pro¬ 
perties were shown by very highly concentrated 
preparations of co-zymase (.46’o=400,000). 

More recent work, however, showed (von 
Euler et al, Arkiv Kemi, Min., Geol. 1936,12, B, 
No. 24) that co-zymase could be prepared (p. 16c) 
in a higher state of purity than had previoTisly 
been attained, and that in this form it was 
unable to replace adenylic acid until it had been 
treated with alkali. 

This apparent inactivity of pure co-zymase 
has been found (Ohlmeyer and Ochoa, Biochem. 
Z. 1937, 293, 338) to l>o duo to the presence in 
the experimental mixtures of Na ions {rf. 
Harden, Biochem. J. 1913, 7, 214) whicth inhibit 
the transference of PO 4 from pliosphopyruvic 
acid to glucose by co-zymase and, to a less extent, 
by adenylic acid. If Mn is added, this in¬ 
hibitory effect is removed and the co-zymase 
becomes about half as active in the transfer of 
PO 4 as is adenylic acid under the same con¬ 
ditions, without losing more than 5% of its 
activity as a dehydrogenase. Hexahydro- 
co-zymase (C'oHg), which is ina(*tive as a co-de- 
hydrogeiiase, behaves as a })hosphoryIa 8 e in a 
similar manner to the unreduced co-zymase but 
is even more active, equalling adenylic acid. 
The inhibiting effect of Na is also removed by 
Mg, NH 4 and K, the relative efficiencies 
(atomic) being Mn:Mg:NH 4 :K as 1:50: 
1,000:2,000. In the absence of glucose, the 
production of readily hydrolysable P can be 
detected, but only about 10 % of the co-zymase 
appears to be phosphorylatcd. “ Co-zymase- 
pyrophosphate ” has been isolated as a Ba salt 
I (Meyerhof and Kiesshng, Naturwiss. 1936, 24, 

1 361, 557), but its constitution has not yet been 
determined. 

The increase in activity caused by treatment 
with alkali (which is known to remove the 
nicotinamide group of the co-dehydrogenase) is 
almost certainly due to the formation of a 
phosphorylating compound, and such a com¬ 
pound has been isolated from the products of 
the action of alkali (Schlenk and von Euler, 
Arkiv Kemi, Min., Geol. 1936, 12, B, No. 20); 
it is probably a compound of adenine with 

2 molecules of ribosephosphate, but its constitu¬ 
tion is not yet known (see von Euler, Ergebn. 
Physiol. 1936, 38, 1). In the light of the fore¬ 
going observations it may be taken provisionally 
that pure co-zymase in the presence of a suffi¬ 
ciency of Mn and Mg ions is able to act as a 
co-phosphorylase both in muscle and yeast 
preparations, but the mechanism of the re¬ 
actions is not yet known with certainty. 

In this connection great interest attaches to 
the observations of von Euler and his col¬ 
leagues (von Euler, Adler and Steenhoflf Eriksen, 
Z. physiol. Chem. 1937, 248, 227; von Euler 
and Adler, ibid. 1938, 252, 41; Vestin, Natur¬ 
wiss. 1937, 25, 667; von Euler and Vestin, 
Arkiv Kemi, Min., Geol. 1936,12, B, No. 44 ; von 
Euler and Bauer, Ber. 1938, 71 [B], 411) who 
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have found that co-zymaHe (co-dehydrogenase ]) 
and co-dehydrogenase II can each be converted 
into the other by yeast preparations. Thus 
when co-dehydrogonase II (free from co-zymase) 
is added to the apo-zymase system used for test¬ 
ing co-zymase, fermentation sets in after a pro¬ 
longed induction period. The boiled filtrate 
from such an experiment is immediately active 
in the test showing the presence of co-zymase. 
The reverse change also occurs, as judged by the 
Warburg and Christian test for co-dehydrogenase 
IT, but the evidence is not so satisfactory as in 
the former case, von Euler {see article in 
“ Hyllningskrift till Bertil Almgren Pa Sextio- 
Arsdagen,” Stockholm, 1938, p. 281) makes the 
interesting suggestion (which requires further 
experimental investigation), that phosphoryl¬ 
ation by co-zymase may be due to this reversible 
change. 

C0I+H3PO4 ^ Co II 

Fermentation of Hexosediphosphate in 
pRESENOE OF Adenyijc Aoid. —Tho rate of fer¬ 
mentation of hexosediphosphate can be in¬ 
creased approximately to that of glu<‘ose by 
simple addition of adenylic acid (Ohlmeyer, 
Biochem. Z. 1935, 283,114), whereas adenylpyro- 
phosphate has practically no effect. The re¬ 
actions involved are complex and not yet fully 
understood, but the essential feature seems to be 
the transference of phosphate to the adenylic 
acid with formation of adenylpyrophosphate and 
hexosemonophosphate. 

2 Hexosediphosphate + adenylic acid 
adenylpyrophosphate+ 2 hexosemono¬ 
phosphate. 

This is apparently coupled with a second reaction 
representing a rapid fermentation, 

Hexosediphosphate-f-adenylic acid ->adenyl- 
pyropho 8 phato+ 2 C 02+2 alcohol 

but the exact mechanism of the change is not yet 
understood, particularly the part played by the 
hexosemonophosphate. The reaction only pro¬ 
ceeds rapidly as long as adenylic acid is present 
as there is no mechanism for the dephosphoryl¬ 
ation of the adenylpyrophosphate produced. 
The comparatively slow rate of fermentation of 
hexosediphosphate by yeast preparations is 
attributed to the fact that the adenylic acid 
necessary for the fermentation can, under these 
conditions (absence of a PO 4 receptor), only be 
reformed from the adenylpyrophosphate by 
enzymic hydrolysis {see Lutwak-Mann and 
Mann, Biochem. Z. 1935, 281, 140), a slow pro- 
< 5688 , and not by transference of the phosphate 
as in the fermentation of glucose. 

Fermentation of Hexosediphosphate and 
Glucose in Presence of Arsenate. —The 
mechanism of this remarkable reaction {see 
p. 20a) is even yet not fully understood. The 
rate of conversion of hexosediphosphate in 
presence of acetaldehyde and fluoride into phos- 
phoglycerio acid is incretised about 20 times by 
arsenate (Meyerhof, ibid. 1934, 273, 80), and the 
rate of decomposition of phosphopyruvic acid 
in absence of glucose is similarly increased 
(Meyerhof and Kiessling, ibid. 1935, 280, 99). 
Experiments with tho restricted system of 
Warburg and Christian (Meyerhof, Kiessling 
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and Schulz, ibid. 1937, 292, 25) show that in 
absence of protein A and in presence of protein B 
and 10~* to 10 '® M arsenate, hexosephosphate 
is very rapidly oxidised to phosphoglyceric acid 
(Equation A). 

A. Hexosediphosphate (;^ phosphotriose) | 2 

acetaldehyde -> 2 phosphogly ceric acid 

(;f^ phosphopyruvic acid)+2 alcohol. 
Adenylic acid. Mg and Mn can all be omitted. 
When these factors and protein A are added the 
j>hosphoglyceric acid is rapidly decomposed 
(Equation B). 

B. 2 Phosphoglyceric acid (.^phosphopyruvic 

acid) ->2 pyruvic acid 4 - 2 H 3 p 04 . 
Reaction B, however, does not proceed unless 
hexosediphosphate is present along with an 
active oxido-reduction system. Added adenylic 
acid is converted into adenylpyrophosjdiate, but 
the dephosphorylation of this is not accelerated 
by arsenate under these conditions. The 
mechanism of this reaction is not yet understood. 

Pillai (Biochem. d. 1938, 32, 1087, 1901), who 
worked with a system of enzymes diffenuit from 
that used by Meyerhof, the dialysed extract of 
the acetone precipitate from muscle extract, has 
obtained evidence that the fundamental reaction 
in the acceleration produced by arsenate is the 
rapid dephosphorylation of adenylpyrophosphate 
yielding aihmylic acid and inorganici phosphate. 
This occurs in the absence of adenylpyrophos- 
phatase but recpiires the presence of co-zymase 
and traces of phosphoglyceric acid (the decom¬ 
position of which was prevented in Pillai's experi¬ 
ments by the addition of sodium fluoride). The 
function of the phosphoglyceric acid is not yet 
understood. 

It has been pointed out {see iVIeyerhof, Kiess¬ 
ling and Schulz, Biochem. Z. 1937, 292, 25; 
Meyerhof, Ohlmeyer and Mohle, ibid. 1938, 297, 
90; Nee(iham and Pillai, Biochem. J. 1937, 31, 
1837) that the fundamental eft'ect of arsenate is 
to annul the esterificjition of adenylic^ acid (or 
adenosinediphosphate) by inorganic phosphate, 
which in the absence of arsenate is coupled 
with the reduction of Co, without at the same 
time lowering the rate of this reduction. Tho 
change is represented by the equation Phos- 
photrio8e+ Co -> Phosphoglyceric acid f Co H g 
which is in agreement with the experimental 
result that no phosphoric esters accumulate. 
How the rapid rate of hydrogenation of Co is 
maintained is not yet understood. In the 
absence of arsenate this rapid rate is only 
observed when the coupled esterification of 
adenylic acid (or A DP) occurs. The dehydro¬ 
genation of C’oHg by acetaldehyde is not 
affected by arsenate (Meyerhof, Ohlmeyer and 
Mohle, Biochem. Z, 1938, 297, 90). 

The Nature of the Process of Fermenta¬ 
tion iK THE Jhvino Yeast Cell. —When the 
fermentation effects produced by yeast prepara¬ 
tions are compared with those due to living yeast 
cells, three main points of difference appear: 
(a) The basal rate of fermentation by the pre¬ 
parations is much lower than that characteristic 
of the cell, {h) The rate of fermentation of the 
preparations is greatly increased by the addition 
of phosphate (or arsenate) whereas that of the 
living cell is unaffected by these substances. 
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(c) The high rate of fermentation by the pre- 
paratioriR in presence of phosphate is accom¬ 
panied by the progressive accumulation of 
hexosephosphoric esters in stoichiometric pro¬ 
portion to the amount of sugar fermented. 
This does not occur and in fact is impossible in 
the living cell owing to the small amount of P 
available. 

It is only in the presence of arsenate {see p. 20a) 
that the results given by the preparations 
approach those characteristic of the cell—a con¬ 
tinuous high rate of fermentation unaccompanied 
by the accumulation of hexosephosphoric esters. 

When the fermenting powers of yeast juice 
or zymin are compared with those of living yeast 
it is found that yeast juice ferments glucose at a 
rate which is only about 4 V of that of the yeast 
from which it was prepared, whilst zymin fer¬ 
ments at a rate which is J-rj of that of yeast. 
In the presence of fructose and phosphate, the 
rate of fermentation of yeast juice may be in¬ 
creased as much as 20 -fold, then amounting to 
about one-half the rate of that of living yeast, 
whilst tliat of zymin may be increased to approxi¬ 
mately the same relative value. Similar rela¬ 
tions exist in the cases of maceration extract and 
dried yeast. Assuming, as appears justified, 
that the process of fermentation is of the same 
general character in yeast as in yeast juice, it 
follows that yeast juice contains a large fraction 
of the fermenting complex present in yeast, but 
ferments hexosephosphates slowly and therefore 
regenerates inorganic phosphate slowly. Zymin 
appears to contain a somewhat smaller propor¬ 
tion of the fermenting complex, but has a much 
greater power of regenerating phosphate than 
yeast juice. An effect similar to that which is 
produced by grinding yeast, treating it with 
acetone or drying and heating it, is also produced, 
but to a smaller degree, by treating it "with 
toluene (Harden) and various other substances 
(Kerr and Young, Austral. J. Exp. Biol. 1926, 
8 , 177; Harden and Macfarlane, Biochcra. J. 
1930, 24, 343) so that all these processes must 
result in some similar change which is rendered 
evident by the loss of the property of regenera¬ 
ting phosphate from hexosephosphate. 

Of the nature of this change wo are, at present, 
ignorant, but many facts strongly suggest that 
it is in some way due to the disorganisation of 
the cell. 

The change in type of the fermentation can 
readily be observed when yeast is ground with 
sand and the ground mass directly tested at 
intervals with sugar and phosphate. As the 
grinding proceeds the basal rate with sugar 
gradually falls and the mass becomes progres¬ 
sively more sensitive to the action of phosphate , 
(Harden and Macfarlane, Biochem. J. 1930, 24,1 
343). j 

The lack of response by the living cell to phos¬ 
phate and arsenate may possibly be due (a) to 
the selective permeability of the cell, or \h) to 
the existence in the ceU of conditions for rapid 
fermentation which are already optimum so that 
the rate of fermentation is not affected by in- i 
crease in the concentration of phosphate or by 
the presence of arsenate. The lack of progres¬ 
sive accumulation of hexosephosphates in the 
living cell implies either (a) that the cycle in the 


cell does not involve the formation of hexose¬ 
phosphate esters by reactions p and 8 of Meyer¬ 
hof’s scheme, or ( 6 ) that, if formed, they are 
decomposed at such a rate that no progressive 
accumulation occurs. 

The striking effect of arsenate on fermentation 
by yeast preparations makes it impossible to 
reject the possibility that some labile accelerator 
with similar properties may be present in the cell 
and be inactivated when the cell is disintegrated 
or injured. No direct evidence of the existence 
of a substance of such properties has yet been 
obtained, but it must be recalled {see p. 39a) 
that in presence of a sufficient concentration of 
adenylic acid hexosediphosphato is fermented 
at the maximum rate (Ohlmoyor, Biochem. Z. 
1935, 283, 114). Meyerhof (Ergebn. Physiol. 
1937, 39, 54) draws attention to the possibility 
that in the living cell the adenylpyrophosphatase 
may be so active that a high fermentation of 
adenylic acid is maintained. 

Phosphorylation in Living Yeast, (a) The, 
Phosphorus Compounds of Yeast. —Pressed 
brewer’s yeast contains about 6 mg.P/g., 
50% of which can be extracted with trichloro¬ 
acetic acid (Macfarlane, Biochem. J. 1936, 30, 
1369). Of this, 15% is present as orthophos¬ 
phate, 20 % as a labile phosphoric acid containing 
inorganic pyroj)ho 8 phate (^ee Lohmann, Bio¬ 
chem. Z. 1928, 202, 466; Boyland, Biochem. J. 
1930, 24, 360) and 10% in organic combination. 
This last probably includes co-zymaso, co-de¬ 
hydrogenase II, adenylic acid and adenylpyro- 
phosphate. A large part of the acid-insoluble 
fraction consists of a complex containing meta- 
phosphoric acid {see Macfarlane, l.c.). 

(b) Changes in Distribution of P in the Yeast 
Cell during Fermentation. —When fermentation 
is proceeding actively the acid-soluble ortho¬ 
phosphate decreases {e.g. from 1‘05 mg. to 
0*66 mg./g.), remains at the low level throughout 
the fermentation and returns approximately to 
the original level (0*93) when the sugar has been 
completely fermented, falling again if fresh sugar 
be added. What becomes of the orthophosphate 
P which disappears is not certainly known. It 
was however found, working with 100 g. yeast, 
that when the enzymic action was stopped 
during the fermentation by the addition of 
trichloroacetic acid, the filtrate contained hexose- 
diphosphate (10 mg. P/100 g. yeast) which 
could be identified as the phenylhydrazine salt 
of phosphoglucosazone (Macfarlane, ibid. 1939, 
33, 666 ). When NaF (0*05iff) was previously 
added, phosphoglyceric acid could be isolated, as 
much as 7 mg. of P being obtained in this form 
from 100 g. yeast. 

These results afford conclusive evidence that 
definite changes in P distribution accompany 
fermentation in the living cell and that the same 
intermediate products are formed as in fermen¬ 
tation by yeast preparations. These facts 
render it extremely probable that the changes in 
the cell are of the same general character as 
those which occur in fermentation by yeast 
juice and other preparations. The exact cycle 
of events in the living cell and the reason for the 
difference between the intracellular and extra¬ 
cellular reactions remain to be discovered. 

A. H. 
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FERMENTATION, BACTERIAL. In- 

TKODTJCTION. —Bacterial fermentation rcaembleB 
yeast fermentation, including as it does the 
anaerobic breakdown of hexose and related sub¬ 
stances to simpler products; as all types of 
fermentation, with the exception of acetic, occur 
(or can occur) anajrobically, the intermediate 
changes consist essentially of balanced oxida¬ 
tions and reductions ; where two different mole¬ 
cules are concerned the process is termed an 
oxido-reduction, e.g. 

dihydroxyacetonephosphate -f- acetaldehyde 
=■= phosphoglyceric acid -f ethyl alcohol; 
where two similar molecules are concerned the 
process is called a dismutation : 

2 dihydroxyacetonephosphate 1 glycerol- 
phosphoric acid-f 1 phosphoglyceric acid. 
Other reactions are, (1) condensations between 
two molecules giving rise to 4-carbon com¬ 
pounds, e.g. 

2CH3CH0-CH3CH(0H)C0CH3 

(2) decarboxylation of a-kcto-acids, 

CH 3 C 6 COOH-CH 3 CHO f COg. 

The fermentation which has been studied most 
intensively is the alcoholic fermentation by 
yeast {v. Fermentation, Alcoholic, this Vol., 
p. 8). The intermediate steps by which the 
process CgHigOg— 2 C 2 H 5 - 0 H- 1 - 2 C 02 occurs 
have been variously explained, the two principal 
theories being those of Neuberg and of Erabdon- 
Meyerhof-Parnas ; the former hold the fiohl until 
1934, when it was to a large extent superseded 
by the latter. As is seen in the article referred 
to, Neuberg’s view regards methylglyoxal 
hydrate as the key product of the breakdown of 
the hexose molecule, and this may then be 
dismuted to glycerol and pyruvic ccid, the latter 
decarboxvlated to COg and acetaldehyde. The 
CH 3 CHO may bo either dismuted to ethyl 
alcohol and acetic acid or caused to undergo an 
oxido-reduction with methylglyoxal hydrate, 
giving either acetic acid and glycerol or ethyl 
alcohol and pyruvic acid. Neuberg extended his 
scheme to explain most bacterial fermentations, 
and his view has been developed by Kluyver 
and his school (“ The Chemical Activities of Micro¬ 
organisms,” University of London Press, 1931), 
the principal modification by the latter being the 
interpolation of a hypothetical phosphorylation 
prior to the primar^^ disruption of the hexose. 

The Embden-Meyerhof-Parnas scheme {v. 
this Vol. p. 32) postulates the oxido-reductions 
as occurring in phosphorylatcd molecules with 
adenylic acid and adenosine triphosphate as 
dephosphorylating and phosphorylating agents 
respectively. All the reactions postulated in this 
scheme have been shown to occur at high 
velocities in enzyme preparations from yeast 
juice, and the view that they represent the 
course of events with the intact yeast cell at 
present dominates fermentation chemistry. 
Accordingly great efforts are made to show that 
bacterial fermentations follow a similar path. 
This so far resolves itself into showing that 
bacteria can effect phosphorylations and can 
oxidise, reduce and dismute phosphorylated 
molecules. Actually the evidence that bacterial 
fermentations occur exclusively either by a 
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modified Neuberg or by a modified Embden- 
Meyerhof-Parnas scheme is extremely frag¬ 
mentary. For example, a given organism may 
produce lactic acid from methylglyoxal or from 
pyruvic acid + triosephosphate if conditions are 
suitable, yet either, lK)th or neither of these 
paths may bo followed during the disruption of 
hexose in fermentation. The problem has been 
attacked in the case of yeast by the use of 
“ Lebedev ” juice which contains the enzymes 
in a form in which co-enzyraes, phospliatc, etc., 
can be removed by dialysis, and the remaining 
enzyme system simplified by the use of specific 
inhibitors. Until recently no such preparation 
from bacterial cells had been made, and our 
knowledge of bacterial fermentation has been 
therefore limited to the use of intact cells ; this 
severely restricted the study of the intermediate 
steps. Bacterial cells can, however, now be dis¬ 
rupted by a crushing mill and cell-free prepara¬ 
tions of enzymes obtained (Booth and Green, 
Biochem. J. 1938, 32, 855). 

Q'he products of bacterial fermentations are 
more varied than those resulting from the 
activity of yeast; it is usual for a fermentation 
to take its name from its characteristic end 
product, as, for example, ” lactic,” ” propionic,” 
” acetone ” and ” acetic; ” fermentations, each 
being brought about by closely related strains 
of special organisms. Only the main types of 
baerterial fermentation will be considered here. 

Lactic Fcnnenlation. —The simplest type of 
fermentation is that in which 1 mol. of hexose 
produces 2 mol. of lactic acid. When organisms 
effecting such a reaction can also hydrolyse 
lactose, they can be employed in the cheese 
industiy, as, for example, hictis and B. casei. 
Several pathogenic members of the (Joccacem 
such as the gonococcus^ ha?molyti(' streptococci 
and pneumococci produce lactic fermentations. 
The course of the breakdown of glucose to lactic 
acid is not clear; at least two lactic fermenters 
have been shown to convert methylglyoxal to 
lactic acid in high yield; as non-laetic fermenters 
{e.g. Bad. coli) do the same thing, it does not 
provide strong evidence that normal fermenta¬ 
tion proceeds by this route. Evidence of lactic 
fermentation taking a phosphorylation course 
has been provided in the case of B. casei by 
Virtanen and Tikka (Biochem. Z. 1930, 228, 407). 

Propionic Fermentation. —A fermentation in 
which propionic acid is the characteristic product 
is due to organisms present in Gruyere and 
Emmentaler cheeses. Fitz (Ber. 1878,11, 1890 ; 
1879, 12, 474 ; 1880, 13, 1309) originally showed 
that B. acidi propionici prodiujed acetic and 
propionic acids not only from glucose but also 
from malic and lactic acids. In the cheeses 
mentioned above propionic fermentation is a 
secondary fermentation of the lactic acid pro¬ 
duced in the primary fermentation of lactose 
{v. Freudenreich and Orla Jensen, Zentr. Bakt. 
II, 1907, 17, 529). 

Quantitative studies by both the above in¬ 
vestigators show that fermentation proceeds 
according to the equation 

3CH3CH(0H)C00H 

-2CH3CH2COOH+CH3COOH + CO2 

+ HaO 
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The CO 2 evolved accounts for the “ eyes ” 
found in the cheeses mentioned above. Besides 
lactic acid, glucose, fructose, mannose and 
lactose are fermented according to the same 
scheme (Virtanen, Acta Soc. Sci. Fennicse 
Comment. Physico-Math., 1923,1, 36). Pyruvic 
acid is fermented as follows : 

BCHgCOCOOH+HoO 
=CH3 CH2 C00H f 2CH3 COOH+2CO2. 

Succinic acid has been found in this fermenta¬ 
tion, and has been attributed to the reductive 
deamination of aspartic acid present in the 
medium (van Niel, Dissert. Delft, 1928); it 
has now been shown that it occurs in the fer¬ 
mentation of glycerol when no aspartic acid is 
present and when its origin from the former 
compound is therefore certain. It has also 
been shown that COg added to the fermentation 
is utilised and the succinic acid thereby in¬ 
creased, 1 mol. CO 2 absorbed giving rise to 1 
mol. succinic acid (Wood and Workman, Bio- 
cliem. J. 1938, 32, 1262). 

Glycerol is fermented almost quantitatively 
to propionic acid; the course of this reaction is 
not clear, but is explicable on the assumption 
that glycerol is first oxidised to trioae, which is 
then reduced by another molecule of glycerol to 
propionic acid. The primary hydrogen acceptor 
necessary for the preliminary oxidation of 
glycerol is present in the yeast water or peptone 
in which the fermentation is usually carried out 
(van Niel, lx.). 

Using washed suspensions of bacteria, Virtanen 
and Karstrom (Acta. Chem. Fennica, B. 1931, 
7, 17) showed that glucose was decomposed 
to propionic and acetic acids, carbon dioxide 
and succinic acid. Dried bacteria in presence 
of toluene gave hexosemonophosphate, ace^tic 
and succinic acids. On these results a scheme 
was put forward by which the breakdown of 
hexose by untreated bacteria gives hexosemono¬ 
phosphate, which is decomposed to an unidenti¬ 
fied 3-carbon compound and thenc^e to propionic 
and acetic acids and carbon dioxide. In dried 
preparations of bacteria with toluene, hexose¬ 
monophosphate is not further broken down. 
According to these workers, succinic acid is 
produced both by untreated and by dry toluene 
treated organisms by an alternative type of 
hexose breakdown into 2- and 4-carbon com¬ 
pounds; these finally appear as acetic and 
succinic acids (see origin of succinic acid, below). 

Evidence that propionic fermentation may 
occur, through a phosphorylation cycle anal¬ 
ogous to the Embden-Meyerhof-Parnas cycle 
for yeast, has been obtained by Stone and 
Workman (Biochem. J. 1937, 31, 1616), who 
isolated phosphoglyceric acid from the fermen¬ 
tation of glucose in the presence of fluoride by 
three different strains of propionic bacteria. 

It is clear that no convincing evidence in 
favour of any course of hexose breakdown in 
this fermentation has so far been adduced, 
through certain possibilities have been indicated. 

Fermentation by the Bacteriacese {coli-typhosus 
group ).—The products of fermentation by this 
group of organisms are so numerous that no 
product predominates sufficiently to give its 
name to the fermentation. Harden (J.C.S. 1901, 


79 , 610), was the first to construct a picture of 
the breakdown process as a whole; this he did 
by estimating each product and deducing how 
the carbon of the original hexose molecule was 
partitioned among the products of fermentation. 
The products of the fermentation of glucose by 
Bad. coli found by Harden were lactic and acetic 
acid, alcohol, succinic acid, carbon dioxide, 
formic acid and hydrogen. From his quantita¬ 
tive results, he represented the final equilibrium 
as follows: 

2 CeHi 203 + H 20 = 2 CH 3 CH (OH)COOH 
-bCHg COOH f C2H3 OHF2CO2+2H2. 

Fructose, galactose and arabinose gave the 
same products in about the same proportions as 
glucose, mannitol gave more ethyl alcohol and 
less acetic and lactic acids, whilst later Kay 
(Biochem. J. 1926, 20, 321) showed that more 
oxidised substrates, gluconic, glycuronic and 
saccharic acids give more acetic and succinic acids 
and less ethyl alcohol. Scheffer (Dissert. Delft. 
1928) and Kluyver {op. cit.) further elaborated 
these quantitative results, studying the fermen¬ 
tation of glucose in peptone or yeast water by 
growing cultures of various members of the 
Baxteriacese and accounting quantitatively in 
the end products obtained for the sugar 
fermented. Scheffer interpreted his results in 
accordance with the Neuberg scheme of fer¬ 
mentation then generally accepted, though he 
believed the primary split of the hexose molecule 
to occur via a phosphorylation. The scheme 
advanced for this breakdown is contained in 
Fig. 1. According to this scheme, the primary 
cleavage of the hexose molecule is supposed to 
give rise to methylglyoxal hydrate, the decom¬ 
position of which occurs in two ways: (1) to 
lactic acid, and (2) to acetaldehyde and formic 
acid; the latter decomposes to COg and Hg 
(discussed on p. 44), whilst the former gives 
rise by a dismutation to acetic acid and ethyl 
alcohol. The evidence for this series of re¬ 
actions is briefly as follows : 

(1) Methylglyoxal when acted on by washed 

suspensions of this organism gives rise 
to lactic acid quantitatively (Neuberg and 
Gorr, Biochem. Z. 1926, 162, 490). 

(2) Acetic acid and ethyl alcohol (as first 

noted by Harden) occur in approximately 
equimolecidar ratios and hence a com¬ 
mon precursor may be postulated 
(Harden, J.C.S. 1901, 79, 610). 

(3) Acetaldehyde has been obtained from this 

fermentation by the use of sulphite 
(Neuberg and Nord, Biochem. Z. 1919, 
96, 133). 

(4) Methylglyoxal has been obtained by the 

action of dried Bact. coli on magnesium 
hexosephosphate in toluene-water 
(Fromageot, ibid. 1929, 216, 467). 

In the case of mannitol a preliminary oxida¬ 
tion is required before the first reaction can 
occur; once the fermentation has started the 
hydrogen acceptor may be acetaldehyde, the 
r^uction of which provides the extra ethyl 
alcohol noted; gluconic, glycuronic and sac¬ 
charic acids must be reduced before they can 
pass to triose and this reduction accounts for 
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the extra acetic acid found in these fermenta¬ 
tions. The production of aeetylmethylcarbiiiol 
(aeetoin) and 2:3-butylene glycol (Harden and 
Walpole, Proc. Roy. 8oc. B, 1906, 77, 399) 
occurs in all those members of the Bacteriaccie 
giving the Voges-Proskauer reaction (Harden, 
ibid, 424; Harden and Norris, J. Physiol. 
1911, 42, 332). Aeetoin probably occurs from 
the enzymic condensation of 2 mol. of acetalde¬ 
hyde as shown by Neuberg and Hirsch in the 
(iase of yeast (Bioehem. Z. 1921,115, 282); once 
formed, it may be reduced to 2:3-butylene glycol. 

Succinic acid is not provided for in the scheme 
given in Fig. 1; Harden (J.C.S. 1901, 79, 010) 
originally suggested that it occurred through the 
oxidative condensation of 2 mol. of acetic acid, 
but no corroborative evidence has been ob¬ 
tained. Virtanen (Acta Soc. jSci. Fennicfe, 
Comment. Physico-Math. 1925, 2, 20; J. Bact. 


1934, 28, 447) suggested that succinic acid docs 
not take its origin along the lines given in 
Fig. 1, but that a second type of hexose cleavage 
occurs into a Cg and a C4 compound, a final 
rearrangement occurring so as to give acetic 
acid, ethyl alcohol and succinic acid (Fig. 2); 
further evidence for this view is given by 
Scheffer {cyp. cit,). Evidence that succinic acid 
may arise by another route is (‘ontained in the 
observation that its production in the fermenta¬ 
tions of gliHMjse, galactose and p}'ruvic acid by 
Bad, coii is strongly influenced by the COg 
present (Elsden, Bioehem. J. 1938, 32, 187); for 
example, the rate of succinic acid formation 
from glucose can be increased about 400% on 
passing from an atmosphere of pure nitrogen 
to 5% CO2 in nitrogen. Ttiis observation fits 
in with those recorded in the propionic fermenta¬ 
tion (p. 42). 
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Evidence exists that fermentations by the 
Bacteriacem may go through a phosphorylation 
cycle. Tikka (Bioehem. Z., 1935, 279, 264) has 
shown that, using a dried preparation of Bact, 
colif an esterification of glucose and phosphate 
occurs, whilst Stone and Workman (l.c.) have 
isolated phosphoglyceric acid by the action of 
washed suspensions of Bact. colt and Aerobader 
indologenes on glucose in the presence of phos¬ 


phate buffer, MgCl2) acetaldehyde and toluene. 
Hexose-diphosphate and glucose are fermented 
by Bact. coli to give the same fermentation pro¬ 
ducts, and both fermentations are influenced in 
the same way by changes in pg. In the absence 
of inhibitors phosphoglyceric acid is decom¬ 
posed to acetic and formic acids, whilst glycerol- 
phosphate gives ethyl alcohol and formic acid 
(78% yield). Phosphoglyceric acid in the 
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presence of toluene gives pyruvic and phos¬ 
phoric acids {72-8% yield), whilst pyruvic acid 
gives acetic, formic and lactic acids. There is 
thus some evidence, very far from conclusive, 
that the fermentation of glucose by Bact. coli may 
proceed according to Fig. 3; the substances in 
brackets have not been isolated, and the re¬ 
actions indicated by the dotted lines have not 
been proved to occur. 

The Production of Molecular Hydrogen. 
—^The first observation of free hydrogen in fer¬ 
mentation was from calcium formate by mixed 


cultures from mud (Popoff, Pfliigers Archiv, 
1875, 10, 113), followed by the demonstration 
that the eahaum formate was decomposed as 
follows: 

(COOH)2Ca4 H 20 -CaC 03 +C 02 + 2 H 2 

(Hoppe-Seyler, Pfliigers Archiv, 1876, 12, 1.) 
Frankland et al. showed the produt^tion of 
hj’^drogen for the first time by pure cultures 
(J.(\S. 1892, 61, 254, 432, 737) from mannitol, 
dulcitol, glucose and arabinose. In 1901 
Pakes and Jollyman {ibid. 1901,79, 386), working 


Glucose 


, y 

(Hexosedi phosphate) 
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with pure strains of a number of “ gas pro¬ 
ducing ” bacteria, showed that those organisms 
which produced hydrogen from glucose de(!om- 
posed formate into equimolecular proportions 
of hydrogen and (‘arbon dioxide; they deduced 
that the gas from glucose comes via formate. 
These observations were confirmed by Harden 
(1901, I.C.). The liberation of free hydrogen 
from formate has been shown to be due to an 
enzyme {formic liydrogeiilyase) catalysing the 
reaction H-C00H;^H2+C02 (Stephenson and 
Stickland, Biochem. J. 1932, 36, 712). The 
reversibility of this reaction has been shown by 
Woods {ibid. 1936, 80, 515). This enzyme is 
distinct from formic dehydrogenase catalysing 
the reaction H-COOH-fX^XHg+COj, where 
X is any hydrogen acceptor, and also from a 
combination of this enzyme with hydrogenase 
catalysing the reaction Hj+X^XHg. Proof 
of this will be found in the literature cited {see 
also Stephenson, Erg bn. Enzymforsch. 1937, 6, 
139). Formic hydrogenlyase is an adaptive 
enzyme depending for its formation on growth 
conditions. In highly aerobic conditions in the 
absence of carbohydrate or formate it is absent 
or at a minimum, and is most active in organisms 
grown anaerobically in presence of formate j 
(Yudkin, Biochem. J. 1932, 26, 1859; Stephen¬ 
son, I.C.). So far it appears that free hydrogen 
is produced from sugars only via formate. 
Stephenson and Stickland (1932, l.c.) adduced 
evidence that in the case of Bact. coli it could be 


produced from glucose by another mechanism ; 
this view has been challenged and discussed full}- 
(Stephenson, Ergbn. Enzymforsch. l.c.). As far 
as the Bacteriacese are concerned, it cannot be 
regarded as settled. More recently, however, 
it has been shown that Cl. ietanomorphum pro¬ 
duces hydrogen from glucose and pyruvate but 
not from formate (Woods and Clifton, Biochem. 
J. 1937, 31, 1774), and Cl. Welchii from glucose 
but not from formate (Woods, unpubfished). 
Thus formate is not the sole substrate for the 
production of free hydrogen in organisms of 
other groups. 

The Fermentation of Glycerol. —A de¬ 
tailed study of the fermentation of glycerol hy 
members of the Bacteriacese was made by Braak 
(Dissert. Delft. 1928). The products obtained 
were qualitatively the same as from glucose 
(Scheffer, op. cit.), but the proportion of reduced 
products higher. In the case of Bact. lactis 
serogenesy acetoin and 2:3-butylene glycol appear 
only in traces. With most meml^rs of the 
group the initial attack on glycerol requires the 
presence of a hydrogen acceptor to oxidise 
glycerol to a triose; in broth and peptone media 
tlds is frequently provided by aspartic acid, 
which is deaminated to succinic acid; unless a 
hydrogen acceptor is present in sufficient 
quantity, the fermentation comes to a standstill 
before it is complete. One member of the group, 
however {Bact. freundii), was isolated, which is 
capable of dispensing with an added hydrogen 
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acceptor, being able to effect a dismutation of 
glycerol to triose and trimethylene glycol 
(Braak, Lc .): 

2CH„(0H)CH(0H)CH20H 

=CH2(0H)CHaCH20H+C3H603+H20. 

Butyeic Fermentation and Acetone Peo- 
DiTCTiON. —The bacterial production of butyric 
acid from carbohydrate was shown by Pasteur 
in 1861, and is historically interesting as furnish¬ 
ing the material for his observations on strict 
anserobes. The actual chemistry of butyric 
fermentation was first studied by Fitz (Ber. 1876, 
9, 1348), who isolated an organism decom¬ 
posing glycerol with the production, as the main 
products, of n-butyl alcohol and w-butyric acid, 
which were also obtained from mannitol, starch 
and invert sugar. The discovery of this fermen¬ 
tation was the first example of the production 
of a 4-carbon from a 3-carbon compound, and 
Kitz himself suggests that the production of 
the former occurs by a condensation of two 2- 
carbon compounds in a manner analogous to 
aldol condensation. The isolation of acetalde¬ 
hyde in a butyric fermentation by the use of 
sulphite (Neuberg and Arinstcin, Bioehem. Z. 
1921, 117, 269) and the simultaneous disappear¬ 
ance of 4-carbon compounds supported the idea 
of the production of the latter by aldol conden¬ 
sation. The fermentation of jyruvic acid by 
B. butylicuSf however, led to no 4-carbon pro¬ 
ducts, but only to acetic and formic acids 
(Neuberg and Arinstein, lx.). Nevertheless the 
occurrence of butyl products by aldol conden¬ 
sation continued to find support (van der Lok, 
Dissert. Delft, 1930 ; Kluyver, op. cit.). Actually 
the addition of acetaldehyde to a butyl alcohol 
acetone fermentation by Cl. htUylicum gave a 
60% increase in the yields of butyl alcohol, 
whilst added acetaldol was unchanged (Bern- 
hauer and Kiirschner, Bioehem. Z. 1935, 280, 
379); furthermore, propionaldehyde is reduced 
to propyl alcohol, giving no condensation pro¬ 
duct. Aldol condensation as a step in the pro¬ 
duction of 4-carbon compounds therefore is not 
proved. 

The production of 4-carbon compounds is 
often accompanied by acetone. Schardinger 
(Zentr. Bakt. II, 1905, 14, 772) first isolated an 
organism producing acetone with formic and 
acetic acids and ethyl alcohol from starch. 
Other workers later used organisms producing 
acetone, ethyl and butyl alcohols, butyric, 
acetic and formic acids, carbon dioxide and 
hydrogen (Fernbach and Strange, 1912, B.P. 
21073; Weizmann, B.P. 1915, 4845; Reilly 
et al, Bioehem. J. 1920, 14, 229). The early 
stages of the fermentation are characterised by 
a high acid production followed by a fall accom¬ 
panied by a rise in the production of gaseous 
products, butyl alcohol and acetone (Pleilly et 
al.f ibid. 1920, 14, 229; Osbum et al., J. fcol. 
Chem. 1937, 121, 685). Speakman (ibid. 1920, 
41, 319) using Oranulobacter pectinovorum showed 
that the addition of acetic acid to the fermenting 
mash increased the production of acetone by 
45%; evidence that acetic acid is a direct 
precursor of acetone is, however, shaken by the 
fact that other acids, e.g. propionic acid and 
butyric acid in similar concentrations increase 
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acetone production by 30% and 10% respec¬ 
tively. More recent work shows the effect of 
Pjj on the final products. In the early stages 
of the fermentation of glucose by Cl. butylicum 
butyric and acetic acids predominate, butyl and 
iaopropyl alcohols and acetone occur later. If 
the Ph *8 maintained above 6*7 by addition at 
intervals of NaHC 03 the formation of alcohols 
is largely suppressed and that of the acids in¬ 
creased ; formic and lactic acids also appear. 
Pyruvi(! acid and methylglyoxal have been 
isolated as intermediates (Osburn et al., ibid. 
1937, 121, 685). The addition of certain pro¬ 
ducts during the course of the fermentation 
furnishes evidence of intermediate processes, 
thus butyric and acetic acids increase butyl and 
^>opropyl alcohols, CHg-CHO gives rise to 
C 2 H 5 * 0 H and traces of acetylmethylcarbinol 
and 2:3-butylene glycol; acetone and acetoacetic 
acid both increase isopropyl alcohol (Osburn et 
aL, Iowa State CoU. J. of Science, 1938, 12, 
275). 

A Bacterial Alcoholic Fermentation.— 
An organism isolated from agave juice ferments 
glucose, fructose and mannose t(^ ethyl alcohol 
and carbon dioxide in equimolecular proportions: 
small amounts of lactic acid are also found 
(Kluyver and Hoppenbrouwers, Arch. Mikro- 
biol. 1931, 2, 245). 

The Disi.ocation of Fermentations.— 
It is becoming a])parent that the course of fer¬ 
mentations arul the j)roportions of various pro¬ 
ducts obtained can be influenced by adjusting 
conditions. This is implicit in some of the 
observations already recorded, but other striking 
instances may be given. Thus the fermentation 
by Bact. coU can be so altered as to become pre¬ 
dominantly a lactic fermentation (72-98% lactic 
acid); this has been done by using hexoae- 
diphosphate as substrate and adding toluene 
and glutathione. These conditions favour the 
production of methylglyoxal and the action of 
glyoxalase (for which glutathione is the co¬ 
enzyme), and lactic acid is therefore produced 
at a rate greatly exceeding that in usual con¬ 
ditions of fermentations (Cattaneo and Neu¬ 
berg, Bioehem. Z. 1934, 272, 441). In the case 
of Cl. butyricum the normal fermentation in 
argon (probably also in nitrogen) accords with 
the equation: 

CeHi,0,=C,H,0,+ 2C02+2H,. 

The production of but 3 Tic acid is inhibited by 
carbon monoxide, the inhibition being reversible 
by light of high intensity; it is also inhibited by 
cyanide, ilf/1,000 and Jf/100 to the extent of 
60% and 1()0% respectively. These inhibitions 
do not, however, prevent the primary disruption 
of the hexose molecule, but only the subsequent 
reactions by which carbon dioxide, hydrogen 
and butyric acid are produced, the whole of the 
sugar now appearing as lactic acid. Thus in 
carbon monoxide alone a pure lactic fermenta¬ 
tion occurs, in pure argon a pure butyric fer¬ 
mentation (as in equation above) takes place, 
while in argon-1- 6-25% carbon monoxide, mixed 
lactic and butyric fermentations are obtained 
(Kempner, ibid. 1933, 257, 41; Kempner and 
Kubowitz, ibid. 1933, 265, 245; Kubowitz, 
ibid., 1934, 274, 286). 
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Fekmentati<.)ns Involving Pabtial Oxida¬ 
tion (THE Acetic P'ermbntations).— The pro¬ 
duction of vinegar from alcohol residues is an 
ancient biochemical industry, the bacterial agent 
for which was demonstrated by Pasteur in 1862- 
64 (Pasteur, “ Oeuvres,” III, Masson et Cie.). 
This oxidation is, however, only one among 
many of which ac;etic bacteria are capable. 


Thus it was early shown that B. aced and B’ 
xylinurn oxidise propyl alcohol and glycol to 
propionic and glycolic acids respectively, 
glucose to gluconic acid and mannitol to fructose 
(Brown, J.C.S. 1887, 61, 638). These reactions 
exemplify the oxidation of primary alcohols and 
aldehydes to carboxylic acids and secondary 
alcohols to ketones. By the classical work of 
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Bertrand (Ann. China. Phys. 1904, [viii], 3, 181), 
it was shown that the sorbose bacillus (now 
known as B. xylinum) oxidises only those 

H H 
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to 


OH 

H OH 
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secondary alcohols with two adjacent cm-OH 
groups. 


CH2(0H)—C—CH(OH)- 

11 

o 


HO 


I I 

) Hj,C—C—C— not attacked 
This is made clear by Table I on the opposite page. 


Hermann and Neuschul divided the whole 
group of acetic bacteria into the ketogenic and 
aketogenic classes. From Table II it is clear 
that, while the oxidation of aldehydes to acids 


is brought about by most members of the group, 
the oxidation of secondary alcohols to ketones 
is more restricted (Biochem. Z. 1931, 233, 
129). 


Table II.— Oxidations Catalysed by Acetk; Baoterta (Hermann and Neuschll). 



Glucose to 
gluconic acid. 

Arabinose to 
arabonic acid. 

Galactose to 
galactonic acid. 

Fructose to 
ketogluconic acid. 

Glycerol to 
dihydroxyacetone. 
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Mannitol to 
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Certain species of acetic bacteria isolated in galactose (Takahashi and Asai, Zentr. Bakt. II, 
Japan produce kojic acid in small yield from 1933,88, 286; 1936, 93, 248). 
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Considerable controversy has arisen as to the 
actual enzymic process by which acetic acid is 
formed. Acetaldehyde has been shown to occur 
as an intermediate in the oxidation of ethyl 
alcohol (Neuberg and Nord, Biochem. Z. 1919, 
96, 175); the fate of the acetaldehyde may be 
either via a dismutation to ethyl alcohol and 
acetic acid followed by an oxidation of the ethyl 
alcohol as before, or the acetaldehyde may be 
oxidised direct to acetic acid. Dismutation has 
been shown to occur (Neuberg and Windisch, 
ibid. 1925, 166, 455), but at the acid reaction 
prevailing in the vinegar process it proceeds 
extremely slowly as compared with oxidation 
(Wieland and Bertho, Annalcn, 1928, 467, 95; 
Janko and Kropacsy, Biochem. Z. 1935, 278, 
37). The commercial production of acetic acid 
must therefore be regarded as mainly due to an 
oxidation of acetaldehyde. 

The dismutation of other aldehydes to their 
corresponding alcohols and acids also occurs 
(Molinari, ibid. 1929, 216, 187), viz. propalde- 
hyde, furfural, n-butaldehyde, i6’o-valeraldehyde, 
citronellal, cinnamaldehyde and anisaldehyde. 

For further details respecting acetic fermenta¬ 
tions, see Butlin, “ The Chemical Activities of 
the Acetic Bacteria,” Chemistry Research 
Special Report, No. 2, 1936, H.M. Stationery 
OflSce; Bernhauer, Ergbn. Enzymforsch. 1938, 
7, 246. 

M. S. 

FERMENTATION, MOULD. Intro- 
DUCTION. —The study of the biochemistry of the 
lower fungi (moulds) received considerable 
impetus from the classical researches of Carl 
Wehmer, carried out in the last decade of the 
nineteenth century. Wehmer demonstrated 
clearly that moulds were able to produce from 
sugar large amounts of organic acids, such as 
oxalic and citric acid, by a true fermentation 
process which ranked with the fermentations 
due to yeasts and bacteria. Prior to Wehmer’s 
researches the general impression with regard to 
mould activity was that these organisms were 
agents in the transformation of organic matter 
into carbon dioxide and water, with almost 
complete absence of isolable intermediate 
products. 

Biochemical Characteristics of Moulds as 
compared with Yeasts and Bacteria. —Moulds are 
multicellular organisms and show a type of 
vegetation entirely different from that cha¬ 
racteristic of the unicellular organisms such as 
yeasts and bacteria. Further, they are strictly 
aerobic in nature and therefore grow on liquid 
or solid media as a surface film. This type of 


growth offers facilities for access of atmospheric 
oxygen denied to organisms distributed through¬ 
out a liquid medium, and it w^ould be expected 
that in general mould products w^ould tend to 
be more highly oxidised than those of the uni¬ 
cellular organisms. Such is undoubtedly the 
case and accounts for the production in high 
yield of various carboxylic acids wdiich are at a 
higher level of oxidation than the nutrient 
(sugar) supplied. Analogies are to be found 
in this respect w'ith some of the oxidising bacteria. 

The production of typical plant acids by 
moulds suggests affinities with the higher plants. 
It must be emphasised, however, that moulds 
differ from all the green plants in possessing no 
chlorophyll. They are therefore incapable of 
assimilating atmospheric carbon dioxide by 
means of the energy derived from sunlight and 
of building it up into organic molecules. The 
energy of moulds must therefore be derived 
from the organic substrates on which they grow’. 
They are dependent on organic carbon both for 
energy and as a source of the cell substances and 
other metabolic products formed. In most ol' 
the work here reported the carbon is supplied 
as sugar—usually glucose. 

In spite of their aerobic method of growth 
some moulds produce alcoholic fermentations 
and thus resemble the yeasts. Outstanding in 
this respect is the genus Fusarium, all species 
of which seem to produce alcohol in yields com¬ 
parable with those obtained in an ordinary 
alcoholic fermentation by yeast. Other sub- 
j stances which are formed as by-products in 
yeast fermentation such as glycerol, acetaldehyde 
and succinic acid are also produced by moulds. 

In alcoholic fermentation external oxygen 
does not enter into the reaction. The main 
product, apart from carbon dioxide, is of course 
ethyl alcohol, which is at a lower stage of 
oxidation than the sugar supplied. Moulds are 
capable of other types of fermentation in which 
the product is at a lower oxidation level than 
the substrate. A typical example is the pro¬ 
duction of mannitol which is formed in high 
yield by several mould species. 

Moulds thus possess certain affinities with 
both yeasts and bacteria. They have, however, 
one outstanding biochemical characteristic 
differentiating them from the unicellular 
organisms. They have the power of building 
up from the six-carbon chain of a hexose a 
large number of complex crystalline products, 
many having more than six carbon atoms, and 
including representatives of a wide variety of 
organic compounds. 



FERMENTATION, MOULD. 


It is surmised that the synthetic powers shown 
by the lower fungi may be in part due to their 
capability of producing substances on a higher, 
lower or the same level of oxidation as the start- 
ing material (sugar). Bewaring in mind the fact 
that moulds are at the same time rich in enzymes 
of every type, including hydrolytic enzymes, and 
that the action of these enzymes is probably 
reversible under suitable conditions, it is readily 
seen that all the essentials are present for a wide 
variety of syntheses as well as degradations. 

Metabolic Products. 

Production of Organic Acids. 

It is convenient to consider first the production 
of oxalic, citric and gluconic acids since not 
only are they of considerable historical and 
industrial importance, but they also illustrate 
the oxidising capabilities of moulds, as they are 
all products at a higher stage of oxidation than 
the starting material (sugar). 

Oxalic Acid.—Although several observers 
had reported the presence of cah’ium oxalate 
crystals in cultures of various fungi, the proof 
that oxalic acid in the free state is produced by 
fungi, especially by Aspergillus riiger, solely in 
the presence of carbohydrates or chemically 
allied substances was afforded by Wehiner (Bot.- 
Ztg. 1891, 49, 233 ; Ber. deut. bot. Ges. 1891, 
9, 163). He made a study of the conditions of 
oxalic acid production, with the result that the 
process was definitely ranked with other fer¬ 
mentations produced by micro-organisms. 

The acidity of the metabolism solution slowly 
rises to a maximum as the mould develops and 
begins to decline when all the sugar is exhausted. 
Lower temperatures than the optimum for 
growth favour the accumulation of acid. If 
calcium carbonate is added to the metabolism 
solution to combine with the acid, the accumu¬ 
lation of the combined acid is progressive and 
the resulting calcium oxalate may amount to 
njore than 100% of the sugar originally present, 
the yield of oxalic acid on sugar being about 50% 
of theoretical. Other moulds, notably Peni- 
cillium oxalicum (Currie and Thom, J. Biol. 
Chem. 1915,22,287), have been shown to produce 
oxalic acid. 

Citric Acid.—For the manufacture of citric 
acid by Mould Fermentation v. Citric Acid 
(Vol. Ill, pp. 188, 189). 

Mechanism of Citric Acid Formation .—The 
conversion of the straight chain of six carbon 
atoms of a hexose to the branched chain of 
citric acid by the agency of micro-organisms has 
evoked considerable interest, and a number of 
hypotheses have been advanced to account for 
the mechanism of this reaction, without, how¬ 
ever, reaching any finality. 

Some of these hypotheses can be eliminated 
by a consideration of the yields attainable. Thus 
a preliminary breakdown of hexose similar to 
that encountered in alcoholic fermentation by 
yeast can play no part in the formation of citric 
acid by moulds. For the theory of Bemhauer 
(Ergebn. Enzymforsch. 1934, 8, 185) to hold, the 
weight ratio of citric acid to carbon dioxide 
should not exceed 1*45:1 and the weight yield 
of citric acid from glucose should not exceed 
Vol. V.—4 
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I 71*1%, but ratios up to 4:1 and ykdds up to 
90% were actually obtained by Wells et al. 
(J. Amer. Chem. Soe. 1936, 58, 555). Similarly 
Emde’s hypothesis in which quinic acid is an 
intermediate (Biochem. Z. 1935, 275, 373) is 
excluded since the maximum yield of citric 
acid from sucrose would l>e only 56%, and 
eom^spondingly less from a hexose. In view 
of the lack of success in obtaining conclusive 
evidence as to the mechanism of the citric acid 
fermentation, in which the conditions have been 
extemsively studied, it is not surprising that little 
attention has been devoted to the mechanism of 
formation of other mould products, which are at 
present of purely academic interest in most 
(•ases. 

d-Gluconic Acid.—The production of glu¬ 
conic acid as a fermentation product of the lower 
fungi was first observed by Molliard (Compt. 
rend. 1922, 174, 881). He found that the acid 
is produced in considerable yield from sucrose by 
Aspergillus niyer. It has since been isolated 
from the products of metabolism of a number of 
other species such as Aspergillus fuscus, cin~ 
namomeus and oryziv ; Penicillium glaucum, pur- 
purogenum, chrysogenum, crusiaceum and Fumago 
vagans. In all cases it seems to be formed from 
glucose or a polysaccharide which yields glucose 
on hydrolysis, by a simple oxidation of the alde¬ 
hyde group of the sugar to a carboxyl group, 
without the intervention of a complicated series 
of changes such as evidently occur in the for¬ 
mation of citric acid. Evidence for this is the 
preparation by Muller (Biochem. Z. 1928, 199, 
136; 1929, 205, 111) of an oxidising enzyme 
from the press juices of AsptrgiUi and Penicillia 
capable of converting glucose to gluconic acid. 
This enzyme was termed by Miilicr glucose- 
oxidase.” The evidence is further supported by 
a discovery of Angeletti and Cerruti (Annali 
Chim. Appl. 1930, 20, 424) that one of the 
organisms responsible for gluconic acid pro¬ 
duction, namely P. purpurogenum var. rubri- 
sclerotium is able to convert mannose into d- 
mannonic acid. 

As gluconic acid is of some commercial im¬ 
portance, the possibilities of its industrial pro¬ 
duction by mould fermentation have been studied 
by May et al. (Ind. Eng. Chem. 1929, 21, 1198, 
cf. May et al.^ J. Biol. Chem. 1927, 75, 77; 
Herrick and May, ibid. 1928, 77, 185). They 
employed as their organism P. purpurogenum 
var. rubri-sclerotium. This was cultivated on 
a semi-large scale plant in shallow aluminium 
pans. Using a 20% solution of commercial 
glucose they were able to obtain yields of about 
57% of theoretical. The acid was recovered as 
the calcium salt, which is readily purified by 
recrystallisation from water. The mould P. 
chrysogenum was later found to be more satis¬ 
factory for the reaction and the process was 
further improved by using submerged growths 
under increased air pressure and agitation in 
sintered-bottom washing bottles. The most 
promising results were obtained with a selected 
strain of Aspergillus niger. A rotary aluminium 
drum was used as the fermentation vessel and a 
regulated air supply was introduced under 
pressure. This method represents an important 
departui-e from the shallow pan method of culti- 
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vation hitherto employed with moulds, bringing 
the process more into line with vat fermentations, 
such as are used for yeasts and bacteria. This 
results in a considerable saving of plant space. 

The most efficient glucose (concentration for 
the reaction was found to be 15-20% and the 
acid was neutralised by adding 26 g. of calcium 
carbonate per litre of culture solution. Fer¬ 
mentations could bo made with germinated or 
ungerminated 8j>ores, the latter requiring a 
somewhat longer time, and the same mycelial 
growth could be used for successive fermenta¬ 
tions. Under the best conditions with 15% 
glucose solutions yields of gluconic acid in 
excess of 95%, based on the sugar present, 
were obtained in a 24-hour fermentation period. 
The apparatus and conditions employed on the 
pilot plant scale, in which the drum has a 
capacity of 420 gallons, the optimum (charge 
being 175 gallons, are described by Gastrock 
et al. (Ind. Eng. Chem. 1938, 30 , 783). 

The acids oxalic, citric and gluconic acid are 
thus all products of the metabolism of one 
organism, Aspergillus niger, although they can 
all be obtained, at any rate, singly from other 
moulds. The predominance of one or other of 
these acids in the metabolism solution is largely a 
function of the inorganic nutrient. By a cor¬ 
rect choice of the source and amount of nitrogen 
and other essential elements in the medium the 
metabolism can be directed so as to obtain the 
desired product. Much work has been devoted 
to a study of the conditions for obtaining the 
best yields of each of these acids, particularly 
citric and gluconic acid. F(^r an ac(;ount of this 
work on the effect of nutrients the literature 
should be consulted. 

Other simple organic acids produced by mould 
fermentation will now be briefly reviewed. 

Fumarie Acid. —The formation of fumaric 
acid by micro-organisms was first observed in 
1911 by Ehrlich (Ber. 1911, 44 , 3737), who 
isolated it from the metabolic products of Mucor 
stolonifer when grown on glucose and fructose 
solutions. Wehmer (1918) (lescribed a strain of 
Aspergillus akin to A. niger^ which produced 
fumaric acid from sucrose in 60-70% yield. He 
named the mould A.fumaricus^ but observed that 
it gradually lost completely its power to produce 
fumaric acid. On the other hand, considerable 
amounts of gluconic acid, with varying amounts 
of citric and some malic acid, were produced 
(Biochem. Z. 1928, 197 , 418). Thies (Zentr. 
Bakt. 11, 1930, 82, 321), by adopting special 
conditions of culture, was able to obtain a 
heavy submerged growth with the production 
of appreciable amounts of fumaric acid. Taka- 
hashi and Asai (Proc. Imp. Acad. Tokyo, 1927, 

3 , 86) found that fumaric acid was produceci 
in small amount by Rhizopus species, and 
Gottschalk (Z. physiol. Chem. 1926, 152 , 136) 
obtained it from pyruvic acid by the agency of 
R, nigricans. It is also formed in small amount 
by a PeniciUium species (Raistrick and Simonart, 
Biochem. J. 1933, 27 , 628). 

Succinic Acid. —Succinic acid has been 
recorded as being formed in small amount by a 
number of moulds. It was obtained by Fitz 
(Ber. 1873, 6, 48) from Mucor mucedo, and by 
Emmerling from M. racemosus. Takahashi and 


Asai isolated it from the products of several 
species of Mucor grown on glucose in presence 
of calcium carbonate. It has also been obtained 
from other genera, notably Aspergillus^ Clastero- 
sporiuw, FurncLgo and PeniciUium. 

Malic Acid. —Small amounts of malic acid 
have been found in the fermentation products 
of several of the lower fungi. Thus Wehmer 
{l.c.) showed that it is formed from sucrose 
by Aspergillus fumaricus. Birkinshaw et al. 
(Phil. Trans. 1931, B, 220, 153) obtained it 
from a white Aspergillus, and Birkinshaw and 
Raistrick (Phil. Trans. 1931, B, 220, 331) from 
a Clusterosporium species when grown on glucose. 
Yuill (Chem. and Ind. 1936, 55 , 155) found that 
it was formed in fair quantity by a sub-surface 
fermentation of A. jiavus Link, in presence of 
chalk. Under those conditions succinic and 
fumaric acids are also obtained. 

Since the acids succinic, fumaric ami malic 
acid are closely related chemi(;ally and are inter¬ 
convertible by means of enzymes, it seems likely 
that they all arise by the same general reaction 
from sugar, and not by deamination of amino 
acids derived from breakdown of cell proteins, 
as has been postulated for the production of 
succinic acid by yeast fermentation. This latter 
origin would seem to be excluded in the case of 
fumaric acid at any rate since it has been 
obtained in large yield, and may be legarded as 
a major product of fermentation. 

Formic Acid. —Formic acid is a product of 
fermentation of arabinose by A. oryzai (Tako- 
doro, J. Agric. Chem. Soc. Japan, 1935, 11, 365), 
other products being cutric and glycolUc acid, 
with smaller amounts of oxalic and kojic a(;ids 
and glyceraldehyde. From fucose, formic, gly- 
collic and lactic acids are produced. 

Pyruvic Acid. —This acid is obtained along 
with dimethylpyruvic acid by the grow'th of 
A. niger on glucose or sucrose in the presence of 
sodium sulphite (Hida, J. Shanghai Sci. Inst. 
1935, [iv], 1, 201). The presence of ammonium 
salts in the medium inhibits the production of 
pyruvic and increases that of dimethylpyruvic 
acid. 

Itaconic Acid. —Kinoshita (Acta Phytochim. 
1931, 5 , 271), observed the prodiuition of itaconic 
acid together with gluconic and citric acids from 
sucrose or fructose, but not from glucose, by 
the agency of a mould which he named Asper¬ 
gillus itacmiicusy derived from the juice of 
pickled plums. Kinoshita suggests that the 
sequence of formation of products is sugar 
-> gluconic acid -> citric acid aconitic acid 
-> itaconic acid. Aconitic acid has been ob¬ 
tained from citric acid using a strain of A. niger 
which was also able to accomplish the reverse 
transformation (Bernhauer and Bockl, Biochem. 

Z. 1932, 253 , 16, 26). Recently Calam et al, 
have identified itaconic acid as a metabolic 
product of A. terreus Thom (Biochem. J. 1939, 
38 , 1488), but found no evidence that citric acid 
represents an intermediate stage in its formation. 

Lactic Acid .—Lactic acid (iiffersfrom the pre¬ 
ceding acids in that it represents a product of 
rearrangement (and fission) of the hexose mole¬ 
cule, but is not an oxidation product of the sugar. 

Although lactic acid has frequently l^en 
reported as a metabolic product of bacteria, it is 
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not of frequent occurrence amongst mould pro¬ 
ducts. Most of the recorded observations relate 
to the genus Rhizopus, where, however, it has 
been encountered in high yield. Thus Kanel 
(Microbiol. U.S.S.R. 1934, 3, 259) obtained from 
a species allied to E. japonicMS a 40% yield of 
lactic acid from sugar on a medium containing 
chalk. Ward et al. (J. Amer. Chem. Soc. 1936, 
58, 1286) obtained reproducible yields of 19- 
62% of lactic acid from glucose on a medium 
containing calcium carbonate using R. oryzfr^ 
arrhizus and iritici. Two species of Rhizopus 
isolated by Waksrnan and Hutchings (d. Amer. 
(3icm. Soc. 1937, 59, 545) from soil and from 
composts of decomposing organic matter pro¬ 
duced 60-70% of r/-lactic acid on a medium con¬ 
taining glucose or starch, nutrient salts and cal- 
(iura carbonate. Jnulin was slowly converted 
into d-lactic acid. 

AnconoTJc Fermentation Products. 

Ethyl Alcohol.—Alcohol is now recognised 
as a fairly common product of mould meta¬ 
bolism, particularly in certain genera. Thus all 
species of the genus Fusarhim examined by 
Birkinshaw et al. (Phil. Trans. 1931, B, 220, 93) 
produce alcohol in good yields. Anderson ami 
Willaman (Proc. Soc. Exp. Biol. Med. 1922, 20, 
108) showed that F. Uni alfords alcohol in yields 
(‘omparable with those obtainable from yeast 
fermentations, and the mechanism of its pro¬ 
duction is apparently similar in the two cases. 
Many species of Mucor give rise to an alcoholic 
fermentation and it was on this genus that the 
earliest observations of alcohol production were 
made. 

The genera Af9pergilly<s and Pcnicillium con¬ 
tain many species which produce alcohol, and 
it was found by Birkinshaw et al. (Phil. Trans. 
1931, B, 220, 27, 55), who examined and pre¬ 
pared balance sheets for 96 species of Asper¬ 
gillus and 75 of PenicilUum, that alcohol pro¬ 
duction is a characteristic of certain groups of 
morphologically related species, whilst it is not 
formed by other groups within the genua. Thus 
all members of the A. jlavus-oryzm group 
examined were found to give rise to some 
alcohol, but none could be detected in the 
A. glaucus group. 

Acetaldehyde. —By interception by means 
of sulphite, acetaldehyde has been isolated by 
Cohen (Biochem. Z. 1920,112, 139) and Neuberg 
and Cohen (Biochem. Z. 1921, 122, 204) from 
the metabolic products of various moulds when 
grown on glucose. Bernhauer and Thelen 
{ibid. 1932, 258, 30) obtained up to 60% of the 
theoretical yield from sucrose by the agency of 
A. niger. Acetaldehyde can be isolated in small 
amounts from some moulds giving rise to 
alcoholic fermentation even in the absence of 
any interceptor. 

Ethyl Acetate. —Ethyl acetate is a meta¬ 
bolic product of PeniciUium digiiatum Saccardo, 
when grown on glucose solution. It may arise 
by a modified Cannizzaro reaction from acetalde¬ 
hyde (Birkinshaw et al. Phil. Trans. 1931, B, 
220, 355). 

Glycerol.—^Tliis well known by-product of 
yeast fermentation is probably a fairly common 
metabolic product of moulds. It is formed by 


Mucor racemosus on sucrose (Eramerling, Bcr. 
1897, 30, 454) and by specries of Aspergillus, 
Helrninthosporium and Clasterosporium (Birkin¬ 
shaw ei al. Phil. Trans. 1931, B. 220, 153, 331). 
In view of the production of large yields of 
acetaldehyde by addition of sodium sjilphite 
to the medium, it is probable that glycerol would 
be obtained in good yield by the same method, as 
is found in yeast fermentations (v. this Vol. 
p. 24). 

Reduction Products. 

Glyirerol, although dealt with above, is, like 
ethyl ahtohol, a reduction product of sugar. 
Certain other polyhydric alcohols illustrating 
the reducing action of moulds remain to be 
considered. 

Erythritol and Mannitol.—Erythritol was 
isolated by Oxford and Raistrick (Biochem. J. 
1935, 29, 1599) from the mycelium of Penicilliuni 
hrevi-compactum Dierckx, together with manni¬ 
tol, when the mould was examined before all 
the glucose had disai)peared from the medium. 
Mannitol has frequently been recorded as a 
constituent of mycelium together with trehalose, 
but it can now be. regarded as a true fermenta¬ 
tion product since it can bo obtained in large 
yield under suitable conditions. 3'hus Birkin¬ 
shaw ei al. (Phil. Trans. 1931, B, 220, 153) were 
able to obtain yields up to 50% of the sugar 
utilised from the metabolism solution of a white 
.species of Aspergillus. It was obtained in the 
largest yield when the air supply of the culture 
was restricted. It is also formed by species of 
r)ther genera and is a main metabolic prodiK^t of 
Byssochlamys fulra Oliiver and Smith (Raistrick 
and Smith, Biochem. J. 1933, 27, 1814). Coyne 
and Raistrick {ibid. 1931, 25, 1513) found that 
the white Aspergillus giving high yields of 
mannitol was able to utilise for its production 
the hexoses, mannose, galactose and glucose 
and the pentoses, arabinose and xylose. Fruc¬ 
tose, which yields mannitol by chemical reduc¬ 
tion and is utilised by certain bacteria for the 
production of mannitol is not converted into 
mannitol by the mould. 

All the products so far considered belong to 
the acyclic aliphatic series, and with the excep- 
tion of citric acid, contain only straight carbon 
chains. Since they do not contain more than 
6 carbon atoms they might conceivably be 
derived by direct degradation of the hexose. 
Many of the products now to be reviewed contain 
larger molecules which must obviously be 
obtained from sugar by synthetic processes. 

Heterocyclic Compounds (Carbon-Oxygen 
Rings). 

Oxidoethylene-a^-dicarboxylic Acid.— 
This acid, C4H4O5, is produced in yields of 10- 
20% of the sugar utilised when a species of 
Monilia is grown on a synthetic glucose medium. 
It is also formed from other sugars, polyhydric 
alcohols and related compounds. Citric and 
fumaric acids are also produced (Sakaguchi ei 
al. Proc. Imp. Acad. Tokyo, 1937, 13, 9; J. 
Agric. Chem. Soc. Japan, J938, 14, 362, 366; 
Zentr. Bakt. II, 1939, 100, 302). 

Kojic Acid.—Kojic acid, CgHQ04, m.p. 152*^, 
was isolated from the mycelium of Aspergillus 
oryzm by Saito (Bot. Mag. Tokyo, 1907, 21, 249). 
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Yabuta determined itw <‘on 8 titution as 5- 
hydroxy- 2 -}iydroxymethyl-}/-pyrone. It has 
been obtained from several related species of 
Aspergillus belonging to the flaviis-oryzm group 
and also from Penicillium Dalem Zalcski. The 
presence of kojic acid in the metabolism solution 
is readily recognised owing to the intense blood- 
red colour which it gives with ferric chloride. 
It can Ihj obtained in large yield under suitable 
conditions, thus Katagiri and Kitahara claim 
yi(dds of 03-06% from Aspergillus oryzse, when 
grf)wn on 0 - 20 % glucose solutions at a pn of 2 - 1 . 

2 - Hydroxymethylfurane - 6 - carboxylic 
Acid . — 2 - Hydroxymethylfurane - 5 - carboxylic 
acid, CgH^ 04 , was obtained by Sumiki (Bull. 
Agric. Chem. ^oc. Japan, 1929, 5, 10; J. Agric. 
Chem. Soc. Japan, 1931, 7, 819) from the meta¬ 
bolic products of A. glaurus grown on glucose or 
sucrose media. The acid is also formed by A. 
clmmhis^ niger^ oryzse and tveniii. 

The pyrone and furane prorlucts may perhaps 
be derived from the pyranoso and furanose 
sugars respectively if it is postulated that the 
mmdd is able first to synthesise the requisite 
hexose when the carbon is not supplied in this 
form. This condition is necessary since kojic 
acid is obtainable by fermentation not only of 
hexoses but also of mannitol, xylose, arabinose 
and glycerol. 
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Tetronic Acid Series. —An interesting 
series of acids was obtained by Clutterbuck et 
al. (Biochem. J. 1934, 28, 94; 1935, 29, 300, 871, 
1300) from Penicillium charUsii, a mould 
isolated from spoiled maize. These acids, /-y- 
7nethyltetronic acid, m,p. 115°; carolic 

acid, C 9 HJ 0 O 4 , m.p. 132°; carolinic acid, 
CgHjoOg, m.p. 129°; carlic acid, CioHjoOg, 
m.p. 176°, and carlosic acid, CiQHi20.t, m.p. 
181°, all contain the tetronic acid grouping and 
are related in structure to ascorbic acid. Later 
another member was added to the series, namely | 
terrestric acid, CijHi 404 , m.p. 89°, obtainable 
by the agency of P. terrestre from glucose 
(Birkinshaw and Raistrick, Biochem. J. 1936, 
30, 2194). It is an ethyl carolic acid. 



y*Methyltetronic acid. 


Penicillic Acid. —Penicillic acid, CgHi^ 04 , 
m.p. 83-84°, in the lactone form has a molecular 
constitution not unlike that of the above series 
of acids. It was first isolated by Alsberg and 
Black (Bull. U.S. Bur. PI. Ind. No. 270) from 
Penicillium puberulum Bainier, also an organism 
obtained from mouldy maize. It was obtained 
in fair yield from P. cyclopium by Birkinshaw 
et al. (Biochem. J. 1936, 30, 394) and was shown 
to have the structure y-keto-jS-methoxy-S- 
raethylene-A“-hexenoic acid or the correspond¬ 
ing hydroxylactone form. 

CH 2 :CMeC(OH)C(OMe);CHCO 


Certain hydroxylated tribasic aliphatic acids 
which are found in the lactone form are also 
included in this group. 

Spiculisporic Acid and Related Acids.— 

Spiculisporic acid, m.p. 145-146°, 

is the lactone of y-hydroxy-j3S-dicarboxypenta- 
decoic acid. It was isolated together with y- 
ketopentadecoic acid, CigHggCX, m.p. 92-6,° 
from the metabolic products of P. spiculisporum 
Lehman, by Clutterbuck et al. (Phil. Trans. 1931, 
B, 220, 301). Birkinshaw and Raistrick (Bio¬ 
chem. J. 1934, 28, 828) obtained a similar acid 
miniduteic acid, CjaHj^Of, m.p. 171, from P. 
minio-lvteum DierokjE, with spicuU- 
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sporic acid. Minioluteic acid has the constitu¬ 
tion a^*dihydroxy-)8y-dicarboxy-7i-tetradecoic 
acid y-lactone. 

Cabbocylic Compounds. 

Terrein.—Terrein, CgHjoOg, m.p. 127®, is a 
neutral substance of highly reducing properties, 
isolated by Raistrick and Smith (Biochem. J. 
1935, 29, 606) from the metabolic products of 
Aspergillus lerreus Thom, grown on a glucose 
medium. It was shown by Clutterbuck et al, 
{ibid. 1937, 31, 987) to have the constitution 4- 
propenyl - 2 - hydroxy - 3:5 - oxidocyc/opentan - 
1 -one. 


I et al. (Biochem. J. 1932, 26, 1441), Clutterbuck 
and Raistrick (ibid. 1933, 27, 654) and Oxford 
and Raistrick (ibid. 1932,26, 1902 ; 1933,27, 634) 
which may all be regarded as derivatives of 
2:4-dihydroxybenzoic acid. 

The most complex of these acids, mycophenolic 
acid, ^ was probably first 

obtained in 1896 by Gosio, and later described 
by Alsberg and Black (Bull. U.S. Bur. PI. Ind. 
No. 270) as a product of P. stokmiferuin Thom. 
It yields a blue colour with ferric chloride. 
The constitution of this acid and the other acids 
from P. brevi-compact uni are shown below : 

OH 


CO 

HC^ CHOH 

\ °\/ 

CHgCHiCHHC-CH 

Pali tan tin. —Obtained by Birkinshaw and 
Raistrick (ibid. 1936, 80, 801) from Penicillium 
palitans, palitantin, C 14 H 22 O 4 , m.p. 163®, is an 
unsaturated hydroxyaldehyde, the constitution 
of which has not been completely determined. 
It probably contains a cyclohexane ring. 

Aromatic Series. 

Benzene Derivatives. 

Methylsalicylic Acid, Gentisic Acid and 
M e11 ei n .— Penicillium griseo-f ulvum Dierckx, 
according to the conditions under which it is 
grown, produces 6 -hydroxy- 2 -methylbcnzoic 
acid, CjjHgOg, m.p. 170-171°, giving an intense 
purple colour with FeClg, or gentisic acid (2:5- 
dihydroxybenzoic acid), giving a pure blue with 
ferric chloride (Anslow and Raistrick, ibid. 1931, 
25, 39; Raistrick and Simonart, ibid. 1933, 27, 
628). 

Mellein, C^QHjyOg, m.p. 58°, was obtained 
by Nishikawa (d. Agric. Chem. »Soc. Japan, 1933, j 
9, 772, 1059) from Aspergillus melleus Yukawa, I 
and later by Yabuta and Sumiki (ibid. 1933, 9, 
1264; 1934, 10, 703) from A. ochraceus. They 
showed that it is a lactone of 6 -hydroxy- 2 -a- 
hydroxypropylbenzoic acid. On fusion with 
potash it is converted into 6 -hydroxy- 2 -methyl- 
benzoic acid. 

OH 



6-Hydroxy-2- Mellein. 

niethylbeuzoic add. 


Products of Pencillium brevi-compactum .— 
This organism has furnished a series of 
related compounds in the hands of Clutterbuck 


HOl 


-jCOOH 
JcHg CO CHg 

Cio^ioGs- 

OH 


HOK 


€H(OH) CO CH3 


OH 


HOl 




jCOOH 

Ic(OH) 2 CO CHg 

CjoHlyO;, 


OH 


CO 


HOOCr 


,^C}c H 

CH; J 

Mycophenolie acid, Cj-HgoO^. 

OH 

/\C00H 


HOl 




COOH 


3:5-Dihydroxyphtlialie acid, CyNgOg. 


C i t ro m y c e ti n .—Citromy cetin, 

Ci4HioO„2H,0, 

was obtained by Hetherington and Raistrick 
(Phil. Trans. Roy. Soc. 1931, B, 220, 209) from 
various strains of Citromyces on a modified 
Czapek-Dox glucose medium. Jt crystallises 
in lemon-yellow needles darkening at 263°, 
m.p. 283-285° decomp., and aftbrds an olive- 
green colour with ferric chloride. The constitu¬ 
tion has not been completely determined but 
it may be represented as 


HOOC CO 

°C. 

Hol 



Fulvic Acid. —Fulvicacid is a yellow crystal¬ 
line phenolic acid, Ci 4 Hi 20 g, m.p. 246°, isolated 
by Oxford et al. (Biochem. J. 1935, 29, 1102 ) 
from the metabolic products of Penicillium 
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grisfo-fulvum Dierckx when grown on glucose 
solutions with ammonium salts as source of 
nitrogen. It gives a deep green (colour with 
aqueous fcnlc chloride. It is obtained in larger 
yield from P. flcxuoaum Dale, and P. hrefddianum 
Dodge, and is found mostly in the mycelium of 
the latter organism. 


Quinones and Quinonoid Compounds. 

Benzoquinone Series.—vSeveral compounds 
of this tyj>e have been isolated from the meta¬ 
bolic products of moulds. Eirkinshaw and 
Raistrick (Phil. Trans. Roy. Soc., 1931, B, 
220, 245) obtained from strains of PenicilUurn 
sjnn ulostt m a methoxy dihydroxy tohiquinone, 
CgHyOg, forming purple-black crystals, noj). 
20P. This was later given the name spinuloain^ 
and shown by Anslow and Raistrick (Biochem. 
J. 1938, 32, 087, 803) to have the constitution 
3:0-dihydroxy-4-methoxy-2;5-toluquinone. A 
new }}roduvt, fuinigatin, CyHg 04 , obtained by 
these authors from Aspergillus funiigatus, cry¬ 
stallises in maroon-coloured needles, m.p. IIO'^. 
The constitution of fumigatin proved to be 3- 
hydroxy-4-methoxy-2:5-toluquinone. It thus 
differs from spinulosin in lacking one OH group 
present in that substance, the orientation of 
the other groups being the same in the two 
compounds. Fumigatin may be readily con¬ 
verted into spinulosin in vitro by means of the 
Thiele-Winter reaction. A colourless tetra¬ 
acetate is obtained which, when hydrolysed, 
gives the corresponding tetrahydroxy methoxy- 
toluene. On oxidation the tetrahydroxy com¬ 
pound affords spinulosin. 

IHhydrofumigaiin, CgHiQ 04 , m.p. 99 101°, 
the quinol corresponding with fumigatin and 
obtainable from it by chemical reduction, was 
also isolated from the metabolism solution of 
A. furnigatus. 

Phoenicin. —Phamicin, Ci 4 Hn)Og, m.p. 230- 
231°, yellowish-brown crystals, was isolated by 
Friedheim (Compt. reiul. Soc. Biol. 1933, 112, 
1030) from Penicilliuni jyhwniceuni grown on 
beer wort. Oji investigation by l^osternak 
(Helv. Chim. Acta, 1938, 21, 1320) it was found 
to have the constitution 4;4'-dimethyl-2:2'- 
dihydroxydiquinone. Phoenicin is thus dosely 
related to fumigatin since it may be regarded as a 
product of union of 2 mol. of the latter with 
elimination of the methoxy groups. 


o 


o 

11 


H^Cf '•.OH 

Ho'% 

J'OCH, 

iJoCH, 


II f 



Friedheim has shown that phccnidn acts as a 
catalyst of biological oxidation, and it is sur¬ 
mised that all these qiiinones may form oxido- 
rcduction systems and thus be of considerable 
importance in mould metabolism, it is signi- 
cant in this connection that both fumigatin and 
its corresponding quinol have been isolated 
from the same metabolism solution. In the case 
of Aspergillus glaucusy two of the pigments 
isolated appear to have the quinol structure. 

Aspergillus Glaucus Pigments. —Gould and 
Raistrick (Biochem. J. 1934, 28, 1040) isolated 
from the mycelium of species of the A. glaucus 
series three crystalline pigments, jUivoglaucin, 
CijjHg^Oa, m.p. 105°, auroglaucin, CiyH2203» 
m.p. 1,52", and rubroglaucin. More than 40% 
yields of crude pigments may be obtained from 
the dried mycelium. Auroglaucin is constituted 
similarly to flavoglaucin but contains three 
additional double bonds; the same substance, 
Cij^HgoOg, may be obtained from both pigments. 
They are prol)ably derivatives of quinol and 
according to Cruickshank et at. (,).(\S. 1938, 
2050) have the constitution : 

OH 

, |CO R 

c^hJ I I 

OH 

R —flavoglaucin. 

R=^ICH:CH]3CH3—auroi?laiicin. 

Rubroglaucin has now been shown to be a 
mixture of physcion and a Jiew product, erytkro- 
glaucin, which is l:4:5:7-tetrahydro.vy-2-methyl- 
anthraquinone, i.e. the 7-methyl ether of 
catenarin. 

Chrysogenin. —Chrysogenin is a yellow pig¬ 
ment associated with a protein fouml in the 
metabolism solution of P. chrysogenum Thom, 
when grown on glucose medium ((3utterbuck 
et al. Biochem. J., 1932, 26, 1907). It is micro- 
crystalline, has a high rotation, [a]54g|~762°, and 
gives an olive-brown (olour with aqueous ferric 
chloride. It probably contains a quinol nucleus. 

Citrinin. —Citrinin, Cj 3 H| 405 , m.p. 1 CO¬ 
HO" (df^comp.), is a golden-yellow crystalline 
colouring matter obtained from P. citrinum 
Thom, on a modified Czapek-Dox glucose 
medium. It was isolated by Hetherington and 
Raistrick (Phil. Trans. Roy. Soc. 1931, B, 220, 
209). From a study of its breakdown products 
Coyne, Raistrick and Robinson {ibid. 1931, B, 
220, 297) assigned to it the quinonoid constitu¬ 
tion : 


O ^2^6 


HX' 


,OH 


s/%, 


CCOOH 


i 


Anthraquinone Pigments. —The genus HeU 
minthosporium has afforded an interesting range 
of pigments belonging to this group. H. 
gramineum Rabenhorst, when grown on a 


Phcenicin, 
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glucose medium, produces considerable amounts 
of crystalline hydroxyanthracpiinones which are 
found in the mycelium and may compose up to 
30% of its weight. The pigments consist of 
helminthosporirij and cMenarin, 

CigHioOg, in the ratio of 2-3:1 (Charles et ah 
Biochem. J. 1933, 27, 499). H. cynodontia 
Marignoni,and H. euchlaenae Zimmermann, afford 
another hydroxyanthraquinonc, cynodoniin, 


A fourth member of this group. 
tritisporin, C 15 H 10 O 7 , is produced by 11 
frit id-vulgaris Nisikado. All the syjecieH of Hel 
miuthosporium which have beeii found to yield 
hydroxyanthraquinone pigments in appreciable 
amount arc comprised in the sub-genus Cylindo 
Hdminthosporium., whereas the members of the 
sub-genus Eu-11 ehninthosporiurn are lacking in 
these colouring matters. 

The constitutions assigned to these pigments 
are as follows (Raistriek et al. ibid. 1933, 27, 
1170; 1934, 28, 559; 1940, 34, 1124; J.C .8 
1933, 488) : 


OH 


CO 


,CH, 


b'H CO OH 

Helminthosporiu. 



HOCHj^ 


OH CO 

Tritisporin. 

In tritisporin the position of the CHg-OH 
group is uncertain but it must occupy one of 
the two positions indicated. 

The formation of hydroxyanthraquinones is 
not to be regarded as a monopoly of the genus 
Helminthosporium . Various species of A spergilli 
and Penidllia have recently been shown to pro¬ 
duce these pigments. As already stated, erythro- 
glaucin from A. glaucus is the 7-methyl ether of 
catenarin; it is associated in the mycelium 
with physcion or emodin monomethyl ether 
(4:5 - dihydroxy - 7 - methoxy - 2 - methylanthra- 
quinone) and its 9- and 10-anthranols (Ashley 
et al, Biochem. J. 1939, 83, 1291). Two de¬ 
rivatives of frangula-emodin (4:5:7-trihydroxy- 
2-m6thylanthraquinone) were obtained by Ans- 
low et al {ibid. 1940, 84, 169) as metabolic 
products of a strain of P. cyclopium Westling. 1 


These were identified as to-hydroxyemodin 
(R-CHgOH) and emodic acid (R-COOH). 

CO _ 


HOi 




OH CO OH 

The pigment obtained by Posfcemak (('ompt. 
rend. soc. phys. hist. nat. Geneve, 1939, 66 , 
28) from P. dtreo-roseam was found by direct 
comparison to be cs-hydroxyemodin. 

From P. carminoviolaceum Biourge grown on 
a glyccrol-salts meditim Hind (Biochem. J. 
1940, 34, 67) obtained two new hydroxyanthra¬ 
quinones, carviolm, Ci8Hj20q, and carvioladn, 
C,„H„ 0 „ which are derivatives of 2 -methyl- 
anthraquinone. Carviolin, chrome-yellow cry- 
stals, m.p. 286°, has been shown {ibid. 1940, 
577) to be a monomethyl ether of a>-hydroxy- 
emodin. Carviolacin, light brown needles, m.p. 
243° (decomp.) is also a monomethyl ether and 
yields 2 -raethyJanthraccne on zinc dust distil¬ 
lation. 

Tgarasi (J. Agric. ('hem. Soc. Japan, 1939, 16, 
225) believes the colouring matter fwniculosiv, 
C 15 H 10 O 5 , obtained from P. funiculosum cul¬ 
tures, to be a trihydroxymethyl- or a (hydroxy¬ 
methyl )-dihydroxy-anthraquinono although he 
obtains anthracene not methyl anthracene f)n 
zinc dust distillation. 

Penicilliopsin. —This colouring matter, ob¬ 
tained from culture sof Penidlliopsis clavariae- 
formis grown in the dark was characterised by 
Oxford and Raistriek (Biochem. J. 1940, 34, 
790). Penicilliopsin, C 3 oH 240 g, orange prisms, 
m.p. 330° (decomp.), is f)xidised in air in suitable 
solvents to oxypenirilliopsiu, Cg^Hg^Og, purple- 
black crystalline aggregates, m.p. above 360°, 
solutions of which on exposure to light arc con¬ 
verted into an isomeric irradiation product 
consisting of chocolate-brown needles of m.p. 
above 370°, which give intensely fluorescent solu¬ 
tions. The colouring matter from naturally 
occurring specimens ofP. davariaeformis, which 
was formerly known as mycoporphyrin, was no 
doubt a mixture of penicilliopsin and its con¬ 
version products. Irradiated oxypenicilliopsin 
is closely related to, but not identical with, 
hypericin, the colouring matter of St. John’s 
wort, Hypericum perforatum, which causes a 
condition of light sensitiveness in animals. 

Since penicilliopsin gives franyula-emodm- 
anthranol on heating alone and tetranitroemodin 
on oxidation with nitric acid it may bo a poly¬ 
hydroxy derivative of a reduced we^odimethyldi- 
anthrone. 

Ravenelin. —The mycelia of Hdmintho- 
sporium ravenelii Curtis, and H. turdcum Passe- 
rini, grown on a glucose medium, contain a cry¬ 
stalline trihydroxyxanthone pigment, ravenelin, 
C 14 H 10 O 5 , having the constitution showm below 
(Raistriek et al. Biochem. J. 1936, 30, 1303): 

OH 

CH, 



OH CO '(^H 

Kavenelin. 



Other Crystalline Metabolic Products of Unknown Constitution. 
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Sulochrin. —Nishikawa (Acta Phytochim. 
1939, 11, 167) extracted from the mycelium of 
Ooapora aulphurea-ochracea van Beyma a number 
of crystalline products labelled A to G which 
are, with one exception, of unknown con¬ 
stitution. The exception is product B, 
C 17 H 18 O 7 , yellow needles, m.p. 262°, which has 
been named sulochrin and to which the following 
constitution has been given : 

OH COOCH3 

It is evidently closely related to the chlorine- 
containing compounds geodin and erdin (see 

p. 68 ). 

Sterols. 

A number of references are found in the litera¬ 
ture to the isolation of sterols from the mycelium 
of the lower fungi, but owing to the difficulties 
of separation many of the products obtained 
were probably mixtures. 

Ergosterol.—Ergostcrol has, however, been 
separated and characterised by methods which 
put its identity beyond doubt. The yields 
obtained are variable, depending on the organism 
and the method of cultivation. Heiduschka 
and Lindner (Z. physiol. Chem. 1929, 181, 16) 
determined the ergostcrol (Content of Dematium 
pullulans^ Fenicillium glaucum and Aspergillus 
oryzw as 0-30, 0-75 and 0*46% respectively of 
the dry matter. Sumi (Biochem. Z. 1928, 195, 
161 ; 1929, 204, 412) isolated 0*08% of crude 
ergosterol from the spores of A. oryzw^ and 
Takata (J. Soc. Chem. Tnd. Japan, 1929, 32, 
157 [B]; kSuppl. 268) obtained a yield of 
0-028% from the mycelium of the dried 
organism. 

The sterol formed by P. puberulum Bainier, 
when grown on a Czapek-Dox medium contain¬ 
ing glucose as sole source of carbon, was isolated 
and characterised by Birkinshaw et al. (Biochem. 
J. 1931, 25, 1977). Final proof of its identity 
with ergosterol was afforded by its absorption 
spectrum and its antirachitic activity acquired 
after irradiation. This affords direct evidence 
of the synthesis of ergostcrol from glucose. 

Ergosterol is found in mould mycelium not 
only in the free state but also as esters. Oxford 
and Raistrick {ibid. 1933, 27, 1176) isolated 
crystalline ergosteryl palraitate from the my¬ 
celium of 14 out of 16 strains of P. brevi- 
compacium> Dierckx, and from the mycelium 
of P. italicum Wehmer. P. aurantio-griseum 
Dierckx var. poznaniensis Zaleski, was found to 
contain as much as 0 - 6 % of the ester. 

Fats and Lipins. 

Fats and oils are of general occurrence in 
mould mycelium and can be obtained by extrac¬ 
tion of the dried material with light petroleum 
or ether. The quantity of fat can be greatly 
increased by adopting special conditions of 
culture, and seems to be favoured by a high 
sugar content of the medium. Thus Ward et 
al. (Ind. Eng. Chem» 1936» 27, 318), following on 


earlier work of Lockwood et al. (Z. Bakt. II, 
1934, 90, 411) found that when P. jamnicum was 
grown on a medium containing 40% of glucose 
the mycelium contained up to 41-5% of fat. 

The composition of the fat has been quantita¬ 
tively examined in some cases. Ward and 
Jamieson (J. Amer. Chem. Soc. 1934, 56, 973) 
report that the saturated acids obtained by 
hydrolysis of the oil amounted to 30*8% of the 
total weight. They consisted of palmitic 69-5%, 
stearic 28% and 7 i-tctraco 8 oi(! acid 2-5%. The 
unsaturated acids (60-8% of the total oil) con¬ 
sisted of oleic 52*1%, and a- and j3-linoleic acid 
47*9%. 

The lipins of A. sydowi were examined by 
Strong and Peterson {ibid. 1934, 56, 952). They 
obtained 22 % of free fatty acids and a phos- 
pholipin which was separated as a complex with 
magnesium chloride. The fatty acids (free and 
combined) consisted of palmitic 8 * 8 %, stearic 
I 11%, M-tetracosoic 0*9%, oleic 29-6%, linoleic 
16*3% and higher uiisatiirated acids 1*7%. 
The water-soluble fraction obtained after sa})oni- 
lication of the fats consisted largel}^ of glycerol. 
Woolley et al {ibid. 1935, 57, 2589)^ have 
examined the phospholipin fraction of A. 
sydowi. The phospholipins (0-4-0-7 by weight 
of the mycelium) consist of a mixture of lecithin 
and keplialin. On a<4(1 hydrolysis they yield 
glycerophosphoric acid, choline, diolainine and 
oleic aci<l as chief products. 

The fat from A. mger mycelium obtained from 
a technical citric acid fcrinentation on molasses 
medium had the following composition (Bem- 
haucr and Posselt, Biochem. Z. 1937, 294, 216); 
glycerol 6*2%, total fatty at ids 67*5%, saturated 
fatty acids 13*0% (palmitic 7*1, stearic 0*9, 
lignoceric 1*8), unsaturated fatty acids 45*4% 
(oleic 21*6, a-linoleic 23*9) unsaponifiable 12*0% 
(ergosterol 1*4, other constituents 10*6). 

Polysaccharides. 

A number of complex polysaccharides derived 
from moulds have been recorded and the pro¬ 
ducts of hydrolysis examined. These cover 
most of the simpler natural sugars and it is 
noteworthy that the monosaccharides which are 
employed in building up the complex molecule 
appear to bear no relation to the sugar used as 
substrate for the mould. 

“ Spore stanch ” or “ mould starch,’* which 
gives a blue colour with iodine, has been obtained 
from various species of Aspergillus and Peni- 
ciUium. Whether the products from these 
different organisms are identical seems open to 
doubt. Schmidt (Biochem. Z. 1926, 158, 223) 
concluded that mould starch is identical with 
amylose and therefore with wolichenin. The 
production of the material by A. niger is favoured 
by a strongly acid medium and its accumulation 
may be due to inhibition of the diastase present 
in the mould by the acid (Hida, J. Shanghai Sci. 
Inst. 1934, [iv], 1, 85). 

From the mycelium of P. puheruluniy Alsberg 
and Black (Bull. U.S. Bur. PI. Ind. No. 270) 
obtained a substance giving a violet colour with 
iodine and supposed by them to be identical 
with trehalum from manna. Dox and Neidig 
(J. Biol. Chem. 1914, 18, 167; 19, 236) isolated 
from P. expansum mycodextran and from 
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A, niger my cogala rian, giving respectively 
glucose and galactose on hydrolysis. Neither 
polysaccharide gave a colour with iodine. 
Birkinshaw ei al. (Phil. Trans. Roy. Soc. 1931, 

B, 220, 153, 331, 355) obtained from a white 
Aspergillus a polysaccharide resembling gly¬ 
cogen, Fumago vagans and Penicillium, digita- 
ium gave polysaccharides affording glucose on 
hydrolysis and giving no colour w^ith iodine. 

In certain (^ases the constitution of the poly¬ 
saccharide molecule has been determined. P. 
charlesii G. Smith, when grown on a glucose 
medium, yields two polysaccharides: 7nanno- 
carolose, consisting only of mannose residues, 
and galariocarolose.y consisting only of galat^tose 
residues (Clutterbuck ei al. Biochem. J. 1934, 28, 
94). Mannocarolose has a chain length of 8-9 
units of d-mannopyranoso linked through tlie 
1 : 6 -po 8 itions, a unique structure for a poly- 
mannose (Haworth ci al. Bioc^heni. J. 1935, 29, 
612). Gaiactocarolosc is composed of a chain 
of about nine )S-galactofuranose units linked 
through the 1:5 positions (Haworth el al. ibid. 
1937, 31, 640). Variafiosfy a polysaccharide 
obtained from P. varians G. Smith, is con¬ 
stituted of a c hain of 6-8 jS-galac^topyranose 
units with a glucopyranose unit as one end of 
the chain and a unit of either c/-iclose or i^-altrose 
at the reducing end (Haworth el al. ibid. 1935, 
29, 2668). 

Luteic acid was obtained by Raistrick and 
Rintoul (Phil. Trans. Roy. Soc;. 1931, B, 220, 
255) as a metabolic product of a non-ascosporic 
form of P. lute/fiin Zukal, grown on a Czapek-Dox 
glucose medium. The acid has a high molecular 
weight and on acid hydrolysis affords glucose 
and malonic acid. With dilute barium 
hydroxide the malonic acid is removed and a 
neutral polysaccharide luteose is obtained giving 
only glucose on hydrolysis. Luteic acid is 
obtainable not only from glucose but also from 
fructose, mannose, galactose, xylose, arabinose 
and glyc'erol (Birkinshaw and Raistrick, Bio¬ 
chem. J. 1933, 27, 370). A polymannose and a 
polygalactose are also synthesised by the mould 
in smaller amounts, the former being produced 
in the early stages and the latter in the later 
stages of growth (Anderson and Raistrick, ibid. 
1936, 80, 16). 

Compounds Containing Elements other 

THAN Carbon, Hydrogen and Oxygen. 

Arsenic Compounds. —Various cases of 
arsenical poisoning have been found to be 
caused by the action of mould growth on damp 
wall-papers containing arsenic. (?;. Ar.senicals, 
Organic, Vol. I, p. 483.) 

Chlorine Compounds. —A strain of A. ter~ 
reus Thom, when grown on Czapek-Dox solution 
containing KCI as the sole source of chlorine, 
gives rise to two yellow crystalline metabolic 
products, geodin, Cj^HijO^CL, m.p. 235° 
(decomp.), chloromrm and erdiu, 

CigHjoO^CIg, m.p. 211 ° (decomp.), optically 
inactive (Raistrick and Smith, ibid. 1936, 80, 
1315). These two compounds are closely related j 
in structure, geodin being the dextro-rotatory 
isomeride of a monomethyl ether of the optically 
inactive erdin (Clutterbuck ei al, ibid, 1937, 81, 
J089). 


I The constitution of dihydrogcodin triinethyl 
I ether has been shown to be methyl S':ly'-dichloro- 
4:6:2':6' - tetramethoxy - 4' - mxthylbenzophenone - 2 - 
carboxylate and of dihydroerdin trimethyl ether 
to be 3':l)':-dicMoroA:&.2':CV4ctramxihoxyA'- 
rnethylbenzophenone-2~carboxylic acid (Calam et 
al., ibid. 1939, 33, 579). 

Another chlorine - containing compound, 
namely griseofulvin, C^^H^^OgCl, m.p. 218- 
219°, was isolated by Oxford et al., ibid, 1939, 33, 
240) from the mycelium of Penicillium griseo- 
fulrum Dierckx, grown on a modified Czapek- 
Dox medium. A provisional strindural formula 
was advanced ; 

OCH 3 CH 

- C '' "'CO 

HgCOx - CHg 

Cl I CHCH3 

COOCH3 

In view of these discoveries a quantitative 
.survey was made by ('lutterbuck (i al. (ibid. 
1940, 34, 664) of the chlorine metabolism of 139 
species or strains of moulds grown on ( V.apek- 

Dox 5% glucose medium containing 0*05% 

of KCI as sole source of chlorine. Of the species 
or strains examined 57 utilised less than 5% 
of the KCI; 77 utilised 5-25% of the KCI (this 
group includes P. grisrofulvurn) ; only 5 cultures 
metabolised more than 25% of KCI. Two of 
these w'ere strains of A. terreus Thom, one of 
which produces geodin and erdin, another was 
Ahsidia .sptw 050 Lindner, and the remaining two 
were strains of (Jaldariomyces fumago Worondun. 
From the last-named fungus a new product, 
cMdariomycin, was obtained by ether extraction 
of the metabolism solution. Caldariomycin, 
CsH^O^CIj. m.p. 121°, probably has the con¬ 
stitution 2:2-dichlororyc/opcntane-l:3-diol, and 
is thus akin to terrein which also contains the 
cyciopentanone ring. 

It is noteworthy that (K fumago also converts 
KBr, when present in the same medium in place 
of KCI, into organic bromine-containing meta¬ 
bolic products which have not yet been isolated 
in a state of purity. 

Nitrogen Compounds.—Oxford et al. {ibid. 
1935, 29, 1102) obtained from the mycelium of 
P. griseo-fulvum Dierckx, a colourless crystalline 
nitrogenous substance, which 

is an acid and yields a hydrocarbon on 
hydrolysis. Another crystalline nitrogenous 
product, C 40 H 79 O 5 N, was isolated from the 
mycelium of P. brefeidianum Dodge. Woolley 
and Peterson (J. Biol. Chem. 1938, 122, 213) 
recorded the isolation from the dried mycelium 
of A. sydowi of cyclic chcline sulphate in 0-26% 
yield. This was obtained both from autolysate 
and from an acetone extract of the defatted 
mycelium. 

Proteins are elaborated by the lower fungi as 
necessary constituents of the cell, but they are 
sometimes excreted into the metabolism solu¬ 
tion. The protein found in the metabolism 
solution of P. chrysogenum, in association with 
the pigment, closely resembles a typical alkali- 
gojuble leaf protein (Clutterbuck el al. Biochem. 
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J. 1932, 26, 1907). Gorcica et al. {ibid. 1934, 28, 
504), by fractionation of the nitrogenous pro¬ 
ducts of the mycelium of A. fischeriy obtained 
30% of water-soluble non-protein nitrogen, 
55% of alkali-soluble protein nitrogen and 12% 
of alkali-insoluble residual nitrogen. The alkali- 
soluble protein contained one fraction precipi¬ 
tated by acids and a second acid-soluble fraction 
precipitated by copper sulphate solution. The 
residue contained 2*3% of nitrogen, of which 
62% was glucosamine nitrogen. Glucosamine 
was also identified in the hydrolysis products of 
P. javanicum by May and Ward (J. Amer. Chern. 
Soc. 1934, 56, 1597). 

The constituent amino acids of the mould 
proteins have not been fully investigated, al¬ 
though feeding experiments on rats have shown 
that the proteins of A. sydowi are insufficient 
for maintaining growth unless supplemented by 
proteins from other sources (Gorcica et al. J. 
Nutrition, 1935, 9, 701). 

Ekizymes. 

Moulds contain a rich variety of enzymes, some 
of which have industrial applications. 

Gallic Acid Fermentation —Gallic acid is 
prepared from the glucoside tannin by the action 
of the hydrolytic enzyme tannase which is pro¬ 
duced by the growth of A. niger on solutions 
containing tannin and suitable nutrients. The 
enzyme can then be separated .ajid used to 
hydrolyse solutions of pure tannin to gallic acid. 

In the old industrial procsess ground gall-nuts, 
which contain a high percentage of tannin, were 
moistened, piled in heaps, and maintained at 
about 30“. The heaps were stirred at intervals. 
Moulds developed throughout the mass and after 
about a month the gallic acid was leached out. 
The prociess has been much improved and clear 
tannin extract is now used. The sterile extract 
is inoculated with a species of Aspergillusy and 
the solution is agitated by blowing air through 
it. When the tannin has entirely disaj^peared 
the gallif’ acid is recovered from the liquor. 

Oriental Food Fermentations. —The sak^ 
fermentation, shoyu making and numerous other 
fermentations practised in the Orient make use 
of species of AapergiUi as well as mucors, yeasts 
and bacteria in their empirical production of 
foods and liquors. These fermentations usually 
make use of a starter (koji) which consists of 
masses of rice, soya beans, or other material from 
previous successful fermentations for use in the 
production of successive fermenting mashes, or 
for commercial distribution. 

The saH fermentation utilises the diastatic 
activity of A. oryzse for the saccharification of 
the starch of rice for fermentation purposes. 
The alcohol production is said to be due to the 
yeasts present. Certain selected strains of the 
organism with high diastatic power are pro¬ 
pagated and sold under the name of “ Tane- 
koji ” or “ Saki-koji.'' 

In the soy fermentation the proteolytic activity 
of the moulds {flavus-oryzm group) is the impor¬ 
tant factor. The soya bean contains a high per¬ 
centage of protein which is hydrolysed by the 
agency of the strains selected for their protease 
activity although carbohydrate fission is not 
entirely suppressed. For soy sauce the koji is 


immersed in a brine of high sodium chloride 
content, and the digestion proceeds slowly. 
Yeasts are also believed to play some part in the 
process. The finished product is a dark salty 
liquid which is used as a component of table 
sauces in Europe and America. 

Tamari ” is another sauce which owes its 
individual flavour to the use of a sj>ecific mould, 
A. tamarii. 

** Miao ” is prepared by mixing cooked soya 
beans with an Aapergillua koji, adding salt and 
ripening the mixture. 

Fish Fermentation. —A series of fermented 
produ(;ts are prepared by the Japanese from 
fish; in some of these moulds are the active 
agents in producing the flavour and qualities 
desired. The product Katsuobuahi is obtained 
by cutting the fish (of the tuna group) into strips, 
cooking, packing in masses and fermenting. The 
material is then dried for commert:ial distri¬ 
bution. AapergiUi belonging to the flavus- 
oryzm group, the ochraceua group and the glaucus 
group have at different times been claimed as 
the active agents of tliis fermentation. 

Taka-diastase. —Takamine and his associ¬ 
ates have studied the enzymic activities of the 
A. flavus-oryzm group and have patented the 
preparation of a number of produces such as 
taka-diastase, and enzymic mixtures such as 
“ polyzime.” The production of these materials 
is based on the use of a (Jieap, bulky, fibrous, 
nutrient base which is sterilised, moistened, 
inoculated with spores of the selected organism 
and incubated at the desired temperature. 
Growth is interrupted at the time of maximum 
enzymic activity and the commercial product is 
obtained by drying the mass or by extraetion 
of the enzymes and subsequent purification. 
The product is naturally a mixture of enzymes, 
not a single active principle. Such crude enzyme 
mixtures are used in the desizing of textiles. 

Cheese Ripening.—The enzymes of moulds 
play a large part in the ripening of certain 
varieties of cheese. The Caraembert-Brie group 
of cheeses obtain their texture from the pro¬ 
teolytic activity of F. camemberti Thom. In the 
ripening process which is conducted at 50-60° F. 
the 8urfa(!e of the cheese becomes covered with a 
floccose white mantle of mould. In about 10 
days the mould becomes bluish- or greenish-gray 
from developing conidia and the curd in contact 
with the mycelium begins to soften to a smooth 
buttery texture. The reaction changes from 
acid to alkaline to litmus as the softening pro¬ 
gresses inward. In about 4 weeks the entire 
mass is softened. The change is associated with 
a proteolytic enzyme similar to erepsin which 
produces abundant caseoses but no putrefactive 
products. P. caaeicolum produces a cheese of 
somewhat different texture. According to Maze, 
however, the peptonisation is not due to the 
enzymes of moulds, whose function is rather to 
destroy the lactic acid present and thus make the 
reaction of the medium favourable for the 
caseaae of the lactic enzymes everywhere 
present. 

In the group of green cheeses such as Roque¬ 
fort, Gorgonzola and Stilton the active organism 
is P. roqueforti. The cheese is here more open 
in texture and the mould develops throughout 
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the mass giving it the characteristic green 
marbled appearance. The Roquefort mould can 
withstand a lower oxygen tension than any 
other species examined by Thom and Currie 
(J. Biol. Chem. 1913, 15, 249) and hence is able 
to dominate the flora of the crevices within the 
cheese. Currie showed that the characteristic 
flavour of this group of cheeses is due to the 
splitting of the butter fat by the mould to pro¬ 
duce a mixture of fatty acids different from that 
produced by bacterial activity. 

J. H. B. 

FERNANDINITE. A hydrated calcium 
vanadyl vanadate, Ca 0 y 204 - 6 V 206 l 4 H 20 , 
forming compact masses of a dull-green colour 
or minutely crystallised as rectangular plates. 
It dissolves readily in acids to a green solution, 
and sufficiently in cold water to give a yellow 
solution. It occurs as an alteration product 
of patro7iite at Minasragra in Peru. 

L. J. S. 

FERONIA GUM. Wood-apple gum ob¬ 
tained from Feronia elephantum Correa (Fam. 
Rutacese). 

FERRITE. This term has unfortunately 
several different meanings. I^o the chemist it 
implies a salt in which ferric oxide jdays the 
part of an acid, for example, barium ferrite 
BaFe 204 . In a mineralogical sense it was flrst 
applied by H. Vogelsang, in 1872, to an amor¬ 
phous iron hydroxide, of unknown composition, 
which, as red and yellow particles, is present in 
many partly decomposed igneous rocks. In 
this sense the term has been used by certain ; 
petrologists for the patches of indefinite ferru¬ 
ginous alteration products seen under the 
microscope in thin sections of rochs. The same 
name has also been applied to ferruginous 
pseudomorphs after olivine occurring in the 
doleritic rocks of the neighbourhood of Glas¬ 
gow (M. F. Heddle, Min. Mag. 1882, 1887). 
It has also been much used by metallographers, 
loUowing H. M. Howe (The Metallurgy of 
Steel, 1890), for pure metallic iron, which, to¬ 
gether with iron carbide, etc., forms one of 
the microscopic constituents of iron and steel. 
Later, the same name was applied by V. I. 
Vernadsky, in his Russian “ Treatise on 
Mineralogy,” (St. Petersburg, 1908), to native 
iron, for example, the terrestrial iron from Ovifak 
on Disko Island, Greenland. 

L. J. S. 

FERRITUNGSTITE. Mineral form of 
hydrated ferric tungstate, FegOg-WOg-SHgO 
(Schaffer, Amer. J. Sci. 1911, [iv], 32, 101). 
FERROAXINITE (Vol. I, 560d). 
FERROBRUCITE (Vol. II, 1196). 

“ FERROCHLORE ” (Vol. IV, 2ld). 
FERROCHROME (Vol. Ill, 105d). 
FERROTUNGSTEN . An alloy of iron 
with tungsten usually containing 80-85% of the 
latter. 

FERRUCCITE. Sodium fluoborate, 

NaBF^, 

occurring as minute orthorhombic crystals, 
together with avogadriie KBF 4 , malladrite 
NajSiFj, hieratite KjSIFg, and saaaolite 
HgfiOg, in saline encrustations from fumaroles 


in the crater of Vesuvius. Named after Ferruccio 
Zamboniiii (1880-1932) of Naples (G. Carobbi, 
Poriodico Min. 1933, 4, 410). 

L. J. S. 

FERSMANITE. Titano-silicato and fluo¬ 
ride of calcium and sodium, 

2Na2(0,F2)-4Ca0-4Ti02-3Si02, 

occurring as monoclinic crystals, previously mis¬ 
taken for sphene, in nepheline-syenite from the 
Kola peninsula, northern Russia (A. N. Labun- 
tzov, Compt.reiid. Acad. Sci. U.R.S.S, 1929,297). 

L. J. S. 

FERULIC ACID, CioHu, 04 . w-Methoxy- 
p-hydroxy-cinnamic acid, 

MeO C6H3(OH)CH:CH COgH, 

occurs in asafadida resin (Hlasiwetz and 
Barth, Annalen, 1 866 , 138, 64); in opopanax 
(Tschirch and Knitl, Arch. Pharm. 1899, 237. 
256); in the resin of the black fir (Bamberger, 
Monatsh. 1891, 12, 441); and in various other 
resins (Karrer and Schwarz, Chem. Zentr. 1932, 
11, 1639). The alcoholic extract of asafoetida 
resin is precipitated with lead acetate, and the 
precipitate of lead ferulate is decomposed with 
sulphuric acid. It can be synthesised by several 
methods: by means of Perkin’s reaction by 
heating together vanillin, acetic anhydride and 
dry sodium acetate, and decomposing the acetyl- 
ferulic acid thus formed with potash (Tiemann 
and Nagai, Ber. 1878, 11 , 647); by treating the 
methyl ether of p-amino-m-coumaric acid with 
sodium nitrite and decomposing the diazo¬ 
compound thus produced with water (Ulrich, 
Jahresber. 1885, 2093; r/. G.P. 32914; Frdl. 

l. 588); and by warming a mixture of vanillin 
and malonic, acid in pyridine solution with a 
little piperidine (Robinson and iShinoda, J.C.S. 
1925, 127, 1973; Dntt, J. Indian Chem. Soc. 
1925, 1, 297). Rhombic needles, m.p. 168-169^ 
almost insoluble in cold water, readily soluble 
in alcohol, less soluble in ether (Tiemann and 
Nagai, Ber. 1876, 9, 416). The solution gives 
with lead acetate a yellow flocculent precipitate, 
wdth ferric chloride a yellowish-brown precipi¬ 
tate, and reduces silver nitrate and Fehlings’ 
solution on warming. Fusion with caustic 
potash converts it into acetic and protocatechuic 
acids. It is easily decarboxylated by copper 
powder in quinohne to give a good yield of tlie 
corresponding styrene, which has a strong odour 
of cloves (Fromm, Annalen, 1927, 466, 168; 
Reichstein, Helv. Chim. Acta, 1932, 16, 1460). 
It is reduced by sodium amalgam or Pd/CaCOg. 
in hydrogen to the dihydro-acid, C 10 H 42 O 4 ,, 

m. p. 89-90“ (Brand and Westerburg, Arch. 
Pharm. 1931, 269, 326). With methyl-alcoholic 
sulphuric acid it gives a dimeric methyl ester, 
which can be hydrolysed to the dimeric acid, 
but ethyl and propyl alcohols give the normal 
esters (Tanaka, Sci. Rep. T 6 hoku Imp. Univ. 
1929, 18, 619). With methyl sulphate it yield® 
3:4-dimethoxy-cinnamic acid (Robinson and 
Shinoda, J.C.S. 1925, 127, 1973). Oxidation of 
the acid with ferric chloride in aqueous-alcohoUe 
solution leads to dehydrodiferulic acid, 
CgoHigOg, m.p. 202-205° (sinters at 195°) 
(Erdtman, Svensk Kern. Tidskr. 1936, 47, 223). 
Certain substituted amides of ferulic acid fornx 
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compounds with acids and ammonia, e.g. the 
benzylamide, C^^Hj^OgN, gives compounds 
with iH 2 S 04 , H 2 SO 4 , HCI and NHg (Koba- 
yashi, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 
1927, 6 , 185). For a microchemioal test for 
ferulic acid in pharmaceutical products, see 
Rosenthaler, Pharm. Zentr. 1926, 67, 353. 

hoFerulic Acid is m-hydroxy-p-methoxy- 
cinnamic acid ; it is also known as Hesperitinic 
acid (Tiemann and Will, Ber. 1881, 14, 948). 

FERVANITE. Hydrated vanadate of iron, 
2 Fe 203 * 2 V 205 - 5 H 20 . A golden-brown fibrous 
(monochnic) mineral, suggestive of stained 
gypsum, occurring with vanadium and uranium 
impregnations in sandstone in Grant Co., Utah, 
and San Miguel Co., Colorado (E. P. Henderson 
and F. L. Hess, Amer. Min. 1931,16, 273). 

L. J. S. 

FERTILISERS or MANURES. Either 
of these terms might properly be applied to any 
material added to the soil for the purpose of 
increasing its fertility, and, in this sense, would 
be extended to include lime, chalk, marl and 
even clay and sand. In common practice, 
however, the term “ manure ” or “ fertiliser ” is 
restricted to materials the main function of 
which is to convey directly to the soil some con¬ 
stituent or constituents of plant food, to the 
exclusion of those of which the fertilising action 
is mainly indirect, consisting in the improvement 
of the physical condition of the soil or the 
development of its inherent or natural chemical I 
resources. It has been long recognised that the 
chief constituents of plant food which are 
naturally taken up from the soil are nitrogen, 
phosphorus, sulphur, potassium, calcium, mag¬ 
nesium and iron, together with the perhaps less 
important constituents silicon, chlorine and 
sodium. Modern work, however, has shown 
that minute quantities of other elements— 
notably boron and manganese—are essential 
factors in the healthy growth of many plants, 
and it appears possible that minute traces of 
copper, zinc, cobalt and perhaps other elements 
of long unsuspected importance may also play 
a part in plant nutrition {v. Asii). 

Apart from calcium—the artificial supply of 
which is necessary in special cases only—nitro¬ 
gen, phosphorus and potassium are, however, 
the most important constituents to be applied 
as manure, as they are those in which the soil is 
most generally deficient. 

Manures or fertilisers are sometimes classified 
as “ natural ” and “ artificial,” but the dividing 
line is not easily drawn. In the present article 
we shall briefly consider the principal substances 
employed as manures or fertilisers, passing on to 
observations as to the relative utility of some of 
them, and shall then refer to the special methods 
employed for their analysis. 

Farmyard Manure. —Farmyard manure 
and stable manure are composed of litter mixed 
with the excreta of animals. The litter in farm¬ 
yards is usually straw, but this has been to a 
large and increasing extent superseded in stables 
by dried and shredded peat moss. In some parts 
of the country bracken is used for litter, and in 
hop districts hop-bine is thus worked up into 
manure. The composition of the manure 
depends initiaUy to some extent on the nature 


of the litter, but to a greater extent on the 
length of time the litter has been in use, the 
number and kind of animals littered on it, and 
the quantity and quality of the food consumed 
by them. Its final value—that is to say, its 
value at the time of its application to the land 
—is also largely governed by the mode of 
“ making,” and the mode and duration of 
storage. In virtue of the large quantity of bulky 
organic f)r carbonaceous matter that it contains, 
it improves, by the formation of ” humus,” the 
physical condition of the soil, making “ heavy ” 
soils more “ open,” and “ light ” soils more 
retentive. At the same time, it returns to the 
land the mineral matter and much of the 
nitrogen previously removed from it in the 
form of straw, as well as much of the nitrogen 
and most of the phosphoric acid and potash 
derived from home-grown fodder consumed 
during its production, reinforced by similar 
matter derived from the simultaneous consump¬ 
tion of additional purchased food. 

The proportion of the nitrogen and mineral 
matters absorbed and retained by animals from 
their food depends upon their age, condition and 
j other circumstances. Thus, a young growing 
steer, or a cow in milk, will assimilate more 
nitrogen and phosphates, and consequently void 
less in the form of fa'ces and urine, than will a 
fattening ox, which has already built up its 
frame and principal nitrogenous tissues, and is 
increasing its w^eight mainly by the production of 
fat. Thus the quantity of nitrogen voided in 
fa‘ccs and urine might vary from more than 95% 
of the nitrogen consumed in the food to as little 
as 75%. The proportion of phosphoric acid 
and potash voi(led will be greater. Obviously, 
in the case of horses, which spend only a portion 
of their time in the stable, only a fraction of the 
excreta will be mingled with the litter; and so 
also in the case of cattle which are turned out 
for a j>art of their time. It is manifestly only 
the stall-fed or yard-fed animal which contri¬ 
butes the whole of the nitrogen, phosphates, and 
potash which it voids to the manure heap. 

Unfortunately for the farmer, the fertilising 
matter thus initially contributed to the manure 
is by no means all ultimately available for 
utilisation. Continual losses occur. These are 
at their highest in an open farmyard exposed 
to the weather, where more or less loss of the 
valuable soluble constituents of the manure is 
always going on by mere drainage, and where 
there is the greatest facility for the evaporation 
of ammonia. They are at their lowest where the 
animals are fed in close boxes, in which the litter 
is trodden down compactly in watertight pits; 
but even hero there is constant loss by reason of 
fermentative action, not only through evapora¬ 
tion of ammonia, but also by the reduction of 
ammonia and other easily decomposable nitro¬ 
genous compounds into free nitrogen. The 
losses that thus occur have been studied by 
numerous investigators, including Lawses and 
Gilbert, A. Voelcker, J. A. Voelcker, Hall, 
Maercker and Schneidewind, Holdefleiss, Miintz 
and Girard, Wood, Russell and numerous 
others. The general result has been to show 
that, even under the best conditions of ordinary 
production, the loss of nitrogen may be expected 
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to amount to about 15% by the time the Composi 
manure is taken out of the boxes, while in 

shallow stalls or yards it may amount to 30 or —- 

40%. Further loss of nitrogen takes place 
after the manure is heaped or stacked for 
“ ripening,” or for preservation until it is con¬ 
venient to transfer it to the land. It is probable _ 

that, even with fairly good management, the 
ultimate loss of nitrogen may amount on the 1. Fresh Joi 
average to 50% of the initial quantity. Under ^ No^Yaff 
bad management, especially with open yards and 3 ' Vory ol(i 
free drainage, it is probably often mxich greater. troin i 

Various plans have been adopted or suggested ^ > 

for checking the loss, such as the use of gypsum 5 ' Kotten 
or superphosphate sprinkled in the manure 6 . Very old^ 
during its accumulation, to absorb ammonia; 
or of kainit, which checks fermentation. In any 9 ] oia ditto 

CAse the manure should be heaped as compactly_ 

as possible, with layers of earth in it, and the 

heap should be covered with earth. It has been Peroen" 

demonstrated that the greatest percentage loss 

of nitrogen unfortunately occurs in the manure 

that is initially richest, namely, that produced 

by animals liberally fed on highly nitrogenous 

food. Ihct. 

It is obviously difiicult to give an average ; 

composition for so variable a substaiKtc as »• 

farmyard manure, but broadly if may be said 
to consist of: Roots and 

hay only J9 

Water.about 75*^^ Cake-fed 19 

Organic and volatile matter . „ 22% ^imyonlylfi 

Mineral matter (exclusive of earth) „ 2i-3% Cake-fed 19 

Roots and 

But, as the water may vary from perhaps as liay only 19 


Composition of Farmyard Manure from 


VARioirs Sources 

(Halt. 



— 
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2. No, 3 affcr rotting 
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77)-4 

()-,507 

0-454 

0-491 

bod. 

r >.314 

0-80 

0-03 

0-67 

4. Fresh 5 4 

75-0 

0-39 

0-38 

0-45 

5. Rotten >Frencli data< 

7.5 0 

0-.50 

0-20 

0-53 

6. V€‘ry old ) f 

70 -() 

0-,58 

0-30 

0-50 

7 . Rothamsted average . 

76-0 

0-64 

0 - 2.3 

0-32 

8 . P’resh liquid nianure . 

98-02 

0044 

0-051 

0 - 3.55 

9. Old ditto .... 

99-13 

( T 02 r ) 

0-014 

0-22 


Percentage Composition of 
Manure (Halt.) 


I Cake-fed 
Roots and 


organic matter is liable to considerable in\er8e hay o*n] 
variation. The proportion of nitrogen is Cake-fed 
usually from about 0-45-0-65%, that of potash 
from about 0-4-0-8%, and that of phosphoric 
acid from about 0-2 to about 0-4%. 

Hall (“ Fertilisers and Manures,” Murray, ftkle org 
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3904 

23-6 

0-577 

0-046 

0-067 

0-464 

1904 

24-03 

0-710 

0-079 

0-096 

0-541, 

1905 

29-5 

0-462 

0-040 

0-047 

0-375 ' 

190.5 

31-3 

0-698 

0-182 

0-0.55 

0-461 j 

1906 

22-0 

0-466 

0022 

0-0.3.3 

0-411 " 

1906 

24-3 

0-690 

0-097 

0-049 

0-.544 j 

1907 

25-3 

0-.589 

0-125 

0-053 

0-411 " 

1907 

25-5 

0-815 

0-377 

0-033 

0-405 J 


Made into 
> mixen & 


form of ammonia compounds and easily nitrifi- 
able organic matters to enable it to begin to act 


London, 1929) gives tables illustrating the general plant fof)d immediately; while it has at the 
composition of farmyard manure, and also t'™'’ « reserve of insoluble matter, partly 

showing the influence of feeding on the nitrogen decomposed organic matter which yields up 
contents of the manure {see tables in next nitrogen more slowly and gradually, the effect 


column). 


of much of which is realised only in subsequent 


Straw manure will contain more potash than 8^«^«ons. 


peat moss manure, but the latter contains more 
nitrogen. Stable manure is “ hotter ”—that is 

to say, ferments more rapidly—than farmyard _ 

manure proper. Very large quantities used to 
be purchased from town stables by market 
gardeners and other farmers within easy carriage 
of cities. But the supersession of horse-traffic 
by motor-traffic has now diminished this abun¬ 
dant source of fertility to almost a vanishing 
point. Such manure largely consists of litter 
that a farmer would regard as only half used, Water 
owing to the necessity for the prompt clearing ^it^i 
of town stables; and it is necessarily poor in „ 


(see next column) illustrate the composition 
of specimens of such manure, made both with 
straw and with peat moss, fresh and after some 


Composition of London Stable Manure 
(Dyer—tabulated by' Hall). 

-g I I From mixed peat moss 
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and straw. 
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s 

Fresh. 

[ After storage. 



Ps 

1 

2 

1 

2 

3 

Water 

77-80 

70-0 

76-1 

62-0 

53-8 

61-9 

52-9 

Organic matter 

18-00 

24-3 

19*3 

26-4 

17*5 

22-0 

23-0 

Nitrogen, sol. 

0-51 

0-10 

0-08 

0-08 

0-06 

0-08 

0-10 

„ Insol. 

Phosphoric 

0-37 

0-52 

0-46 

0-62 

0-58 

0-68 

0-79 

acid 

0-37 

0-48 

0*33 

0-45 

0-49 

0-66 

0-66 

Potash . 

1-02 

0-59 

0-45 

0-58 

0-58 

0-65 

0-80 


straw and with peat moss, fresh and after some The duration of the action of farmyard manure 
months’ storage in heap on the farm of the largely depends upon the nature of the soil, 
purchaser. In some “ open,” “ hot,” graveUy soils, farm- 

In addition to its mineral constituents (phos- yard manure is used up with remarkable 
phates, potash salts, etc.), well-made farmyard rapidity. On other soils, its action may be 
manure contains enough available nitrogen in the spread over a considerable number of years; 
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but in such cases its fertiilising effect especially 
on arable land, diminishes to an increasing 
extent each year, until, under the circumstances 
of ordinary farming, it becomes imperceptible. 
There are, however, experimental plots at 
Rothamsted, where, under circumstances pecu¬ 
liarly favourable to its operation, the effects of 
early dressings of farmyard manure are still 
evident after the lapse of considerably more than 
half a century. 

The valuation of the unexhausted effect of 
farmyard manure in relation to the feeding 
stuff’s consumed in j)roducing it, is an im¬ 
portant matter in the applie4ition of the Agri¬ 
cultural Holdings Act. This subject was fully 
discussed by Hall and Voeloker in a paper 
“ On the Valuation of the Unexhausted Manure 
obtained by the Consumption of Foods by 
Stock,” in the Journal of the Royal Agricultural 
Society of England, 1913, vol. 74 (also repub¬ 
lished as a separate pamphlet by John Murray, 
of Albemarle Street, London, W.). In this | 
paper the original valuation tables of I^awes 
and Gilbert were revised in the light of later 
investigation, and, with occasional revision 
to fit market prices, have been adopted by 
the Central Association of Tenant-Right 
Valuers. 

The general chemistry of farmyard manure 
has been well treated by Hall in his work on 
“Fertilisersand Manures”(Murray, 3rded. 1929), 
and also by Russell and Richards (J. Agric. Sci. 
1917, 8, 495). 

There is, however, anot her effect of farmyard 
manure which has scarcely yet found its way int-o 
text-books. The trend of modern investigation 
appears to l>e to indicate that not a little of its 
value may be due to the stimulating etfect on 
plant growth of relatively minute quantities of 
organic compounds either contributed directly 
in the urine of animals or formed subsequently 
by decomposition. These have received the 
general descriptive title of auximoiies or hor¬ 
mones, though the latter term is less happy since 
the term “ hormones ” should, preferably, be 
restricted to substances produced internally by a 
living organism for its own needs, rather than 
extended to include growth-stimulating sub¬ 
stances of external acquirement or application. 
The credit for the first demonstration of the 
existence and importance of such auximones in 
decaying organic matters is due to the late Prof. 
Bottomley of King’s College, whose work 
(1915-17) then failed to receive the attention 
that it deserved. But of late years the subject 
has attracted a largo number of workers with 
the result that there is already an extensive 
literature on the subject. One of the typical 
substances of this kind is indolyl-acetic acid, 
and a number of the congeners or analogues of 
this compound have been found to exhibit 
similar activity on plant growth. The pro¬ 
gress made in this direction up to 1937 was well 
summarised in a series of papers by Dr. Hugh 
Nicol, of the Rothamsted Experimental Station, 
published in “ The Manufacturing Chemist ” in 
June, July and August of that year. The sub¬ 
ject is too large for discussion here, but it 
appears desirable to make this brief mention of 
the fact that investigation now promises to 


afford scientific justification of the common 
conviction of the farmer that the manure heap, 
apart from its mere supply of plant food, pos¬ 
sesses some virtues which in the past have lacked 
adequate scientific explanation {v. Auxin). 

It appears, too, not impossible that the 
presence of auximones or their production 
during the decomposition of some of the common 
nitrogenous organic fertilisers may have some 
bearing on the fact that, for some purposes, 
farmers, and especially market gardeners, often 
prefer them, despite the comparative slowness of 
their action, to inorganic fertilisers of corre¬ 
sponding nitrogen content. 

Peruvian Guano. Guano was originally 
introduced into England from Peru in 1839, and 
for many years it occupied the first place among 
concentrated fertilisers. The original rich de¬ 
posits have been for a long time exhausted, 
and although occasional importations of fresh 
rich Peruvian guano have occurred in recent 
years, most of the fresh deposits are now 
retained for agricultural use in the country of 
origin. 

Guano is formed from the excrement and 
carcases of sea-fowl. The fresh excrements are 
highly nitrogenous, and consist chiefly of uric 
acid and calcium phosphate. If the climate is 
hot and dry, the excrements are quickly desic¬ 
cated and the nitrogenous matter protected. 
These conditions exist on the rainless coast of 
Peru. In a moist climate the nitrogenous matter 
is quickly converted into ammonia and dissi- 
j)at(‘d by evaporation or drainage, a phosphatio 
guano remaining practically destitute of nitrogen. 
The main supj)ly of Peruvian guano for 30 
years was from the Chincha Islands, which 
yielded, in all, from what we may caU the original 
deposits, about 10,000,000 tons. This guano 
was a dry, excefient fertiliser, containing from 
13 to 14% of nitrogen, and from 13 to 14% 
of phosphoric acid. On its exhaustion, about 
the year 1868, guano was shipped from the 
Guanape and Macabi Islaiids. This was a damp 
guano containing from 9 to 11% of nitrogen, 
and about 12-14% of phosphoric acid. This 
was succeeded by importations, still from old de¬ 
posits, from the Ballesta Islands and the islands 
of Lobos de Afuera, and deposits on the mainland 
at Pabellon de Pica, Punta de Lobos, and Hua- 
nilloH. Many of these deposits were of low 
nitrogenous content, but rich in phosphates, 
while some possessed very much the character 
of the original Chinchas guano. 

The nitrogen in Peruvian guano is partly in 
the form of ammonium salts and partly in organic 
combination such as urea, uric acid, guanine, 
etc.; and in some cases small quantities of 
nitrate are also present. The main part of 
the phosphoric acid is in the form of finely 
divided calcium phosphate, some of the phos- 
pliorii; acid also being in combination with 
ammonium, sodium or potassium. Part of the 
phosphoric acid, therefore, is immediately 
soluble in water, while even that which is 
insoluble is readily attacked by weak acids and 
rapidly available as plant food. There is also 
present an appreciable quantity of potash salts. 
Guano is, therefore, an extremely valuable 
manure, and has always commanded relatively 
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higher prices than most other concentrated 
fertilisers. 

Examples of analyses of Peruvian guano of 


different grades from several of the islands given 
below, are recorded here although they are now 
only historically interesting. 



Bal- 

lestas. 

Lobos de 
Afuera. 

Can- 

toroa. 

Lobos 

deTlerra. 

South 

Ouanape. 

North 

(lUatiapc. 

Lobos dc Afuera. 

Moisture 

18-06 

18-30 

28-74 

24-44 

25-72 

16-60 

15-20 

15-58 

10-44 

Organic matter and 









11-96 

ammonium salts 

40-36 

36-32 

35-66 

32-16 

29-91 

29-50 

26-55 

19-57 

♦Phosphoric acid 








17-21 

19-13 

(P 2 O 5 ) • • • 

9-74 

10-62 

13-25 

11-84 

14-79 

16-35 

15-07 

Lime .... 

9-21 

10-,^>3 

11-45 

10-75 

12-25 

13-08 

12-46 

14-17 

14-50 

fMagnesia, alkalis, 









12-32 

etc. 

7-93 

9-61 

9-10 

8-64 

9-84 

11-92 

10-65 

11-27 

Silicious matter 

14-70 

14-62 

I 1-80 

12-17 

7-49 

12.55 

20-07 

22-20 

31-65 


100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

Total nitrogen. 

11-43 

9-97 

9-44 

8-32 

7-19 

7-07 

6-80 

4-58 

2-58 

Equal to ammonia 

13-88 

12-11 

11-46 

10-10 

8-73 

8-58 

8-26 

5-56 

3-13 

♦Equal to tricalcium 










phosphate . 

21-28 

23-20 

28-95 

25-87 

,32-32 

35-72 

32-93 

37-60 

41-80 

fin eluding potash . 

2-68 

2-39 

2-76 

2-50 

2-87 

3-09 

2-33 

2-15 

1-86 


Besides Peruvian guano, nitrogenous bird 
guanos of commercial importance have been 
obtained from Patagonia and from the Ichaboe 
Islands off the coast of Africa. Ichaboe guano, 
being from fresh deposits, is rich in nitrogen, of 
which it contains from 9 to 14%. Its general 
composition is similar to that of Peruvian guano 
of similar grade. An appreciable proportion of 
the nitrogen, however, is in the form of feathers. 

Bat Guano. —Large accumulations of this 
are sometimes found in caves in tropical or 
sub-tropical regions. Such guano is ricrh in 
nitrogen owing to the insectivorous habit of the 
bats. The deposits often occur in “ pockets ” 
and are irregular in composition owing to 
admixture with earth, and it is rarely that 
their transport to a distance is commercially 
profitable. They are best utilised for local 
fertilisation. 

Seaweed. —This is largely used in some 
localities near the sea. When quite fresh, sea¬ 
weed contains about 80% of water. Its com¬ 
position varies a good deal. The nitrogen may 
l>e 1-3% of the dry matter. The average 
percentage of potash in 20 analyses of Fucus and 
Laminaria was 3%, and of phosphoric acid 
0-6% of the dry matter. The proportion of 
nitrogen and potash in fresh seaweed is thus 
very similar to that in farmyard manure, while 
the phosphoric acid is deficient. 

Fish Manure or Fish Guano. —Whole fish 
are employed as manure in places near the sea. 
Way found in fresh sprats 63-7% water, 1*94% 
nitrogen and 2*1% ash, including 0*43 potash 
and 0-90 phosphoric acid. 

Fish manure, or “ fish guano,” as it is called, 
is made on a considerable scale from various 
kinds of fish refuse. The Norwegian fish guano 
is prepared from cod. Herrings, sprats, men- 
hadden and other oily fish are boiled and pressed 
for the sake of their oil, and the residue is dried, 
powdered and sold as fish guano. This manu¬ 
facture is carried on in various places on the 


east coast of England and Scotland. It is also 
carried on to a large extent in London, the raw 
material being the fish offal of the metropolis, 
which, for the most part, is simply dried and 
ground. The principal value of fish guano lies 
in its nitrogen, which may vary from as little as 
6 or 7% to as much as 10 or 11% acfcorrung 
to the particular kind of fish or fish offal from 
which it is made, and the presence or absence 
of much salt or other impurities. There is also 
a good deal of calcium phosphate, which may 
range from as little as 6 or 7% up to 18 or 
20%. The potash is inconsiderable. The fol¬ 
lowing analyses represent different qualities of 
fish guano;— 


Analyses of Fish Guano. 


Moisture 

14-18 

8-78 

14-42 

11-18 

♦Organic matter 

54-07 

63-92 

63-68 

67-22 

tPhosphoric acid 
(PaOs) . . 

5-58 

7-85 

7-50 

7-72 

Lime 

6-16 

10-47 

8-06 

8-34 

Salt, magnesia, 
potash, etc. . 

17-31 

7-03 

5-54 

5-14 

Sand 

2-70 

1-95 

0-80 

0-40 


10000 

100-00 

100-00 

100-00 

♦Containing nitro 
gen . , . 

6-27 

8-74 

9-62 

10-42 

Equal to am¬ 
monia 

7-61 

10-61 

11-68 

12-65 

fCalcium phos¬ 
phate 

12-19 

17-15 

16-39 

16-87 

The modern demand for “ fish 

meal ” 

as an 


auxiliary feeding stuff’ for pigs and poultry has, 
however, largely diminished the quantity of 
fish residues available for use as fertiliser. 

Phosphatic Guanos. —The ancient deposits 
of guano occurring in climates in which rain is 
frequent have lost almost the whole of their 
nitrogenous matter; they are, when free from 
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sand or rock, of value as phosphatic manures, 
but have been chiefly used for the manufacture 
of high grade superphosphates. Some of these 
guanos have been considerably altered by the 
action of water and other natural chemical 
agents. One common result of this action is 
the formation of “ crusts,” consisting largely of 
calcium phosphate containing considerably less 
calcium than tricalcium phosphate, and therefore 
of special value as manure. 

The principal places from which phosphatic 
guanos have been obtained are various islands 
in the West Indies and in the Pacific Ocean. 
Those which more particularly retained some of ^ 
the distinctive characters of guanos are now 
for the moat part exhausted, and such as are 
still occasionally obtainable are not imported 
for direct use on the land, but for incorporation 
in the preparation of dissolved guanos” or 
compound fertilisers. 

Ammonium Sulphate. —Ammonium sul¬ 
phate was formerly manufactured almost wholly 
from gas liquor or coke-oven liquor. At the 
present time, however, there is a very large 
output of synthetic ammonia obtained by the 
direct combination of nitrogen and hydrogen. 
iSimultaneously, the methods of crystallisation 
and purification of sulphate derived from gas 
liquor have undergone (considerable improve¬ 
ment, especially as regards diminution of free 
acidity; and there is now an abundant com¬ 
mercial supply of neutral or practically neutral 
sulphate yielding 21 % or more of nitrogen 
equivalent to from 99-99-5% of pure sulphate. 
As “ neutrality ” is often stipulated for, or a 
limitation of “ free acid,” an agreed method 
of testing has been arrived at: 20 g. of the 
sulphate are dissolved in water, the solution 
being filtered and made up to 250 c.c., the whole 
solution being then titrated for aciility, using 
methyl orange as indicator, the acidity being 
expressed as H 2 SO 4 . 

Sodium Nitrate (commercially called nitrate 
of soda) is refined from the crude native deposits 
(known as caliche), found in the rainless areas 
of Chile. Good commercial sodium nitrate in 
its original form contained about 95% of sodium 
nitrate or 16-6% of nitrogen (equivalent to 19% 
of ammonia), the impurities being moisture, 
sodium chloride, sodium and magnesium sul¬ 
phates, small quantities of iodates and sometimes 
of potassium perchlorate, while in some cases 
sodium nitrate is partly replaced by potassium 
nitrate. 

A more refined form, however, is produced by 
the “ Guggenheim ” method of extraction from 
the native caliche. Commercial nitrate thus 
prepared is now produced containing 98-99% 
of pure salt in the form of small granules so dry 
and “ easy-running ” that cargoes are now 
shipped in bulk instead of in bags, and dis¬ 
charged by exhaust suction like wheat. 
Sodium nitrate for use as fertiliser is now also 
made at Billingham by oxidation of synthetic 
ammonia to nitric acid and neutralisation with 
soda. 

Potassium Nitrate, or Saltpetre, is some¬ 
times used as a source of both nitrogen and 
potash, but chiefly in India, where it is a native 
product. 

VoL. y,-~5 


Calcium Nitrate is also used as a fertiliser. 
Its chief interest at present lies in the fact that 
it is manufactured from nitric acid obtained 
by the catalytic oxidation of ammonia produced 
synthetically from atmospheric nitrogen (c. Vol.I, 
332). As put on the market at present, it contains 
about 15-5% of nitrogen (equivalent to about 
19*0% of ammonia). As at present marketed it 
includes a small admixture of ammonium nitrate, 
which overcomes the difficulty of the natural 
deliquescence of the unmixed salt. 

Ammonium Nitrate. —Ammonium nitrate 
is also now extensively used as a fertiliser, not, 
however, in its unmixed or concentrated form, 
but intimately mixed w-ith calcium carbonate 
in which form it is known as “ nitro clialk.'' 

Nitro Chalk.—This fertiliser contains 15-5% 
of total nitrogen of which half is ammoniacal 
and half nitric nitrogen. It also contains 48% 
of calcium carbonate, and is granular and there¬ 
fore easy to sow and well adapted for top 
dressing. 

Calcium Cyanamideis also a fertiliser made 
from the nitrogen of atmospheric air which is 
passed through coarsely ground heated calcium 
carbide. The resulting mass contains a large 
proportion of calcium cyanamide, and about 
18-20% of nitrogen. In moist earth it decom¬ 
poses, yielding ammonia, according to the re¬ 
action CaCNgf 3H20 = 2NH3-f CaCO^ ; but 
it is probable that other influences than mere 
moisture—connected probably with the microbic 
life of the soil—play a part in the production of 
ammonia. As calcium carbide is a i>roduct of 
the electric furnace, calcium cyanamide, like 
calcium nitrate, needs electric power for its 
production {v. Cyanamide). It is put on the 
market under the name of “ Kalkstickstoff ” on 
the Continent, or ” nitrolim ” in England. 

Some forms of calcium cyanamide, especially 
of a granulated type made by using excess of 
lime, contain considerable quantities of dicyan- 
diamide, the action of wffiich has been alleged to 
be deleterious to some crops as well as tending 
to inhibit nitrification in the soil (Voelcker, 
J. Roy. Agric. Soc. 1917; also Cowie, J. Agric. 
Sci. 1919, 9, part 2). 

More recent investigations (Lefort des Ylouses, 
Chim. et Ind. 1927, 18, 216; S. Doldi, Giorn. 
Chim. Ind. Appl. 1932, 14, 171; also Crowther 
and Richardson, J. Agric. Sci. 1932, 22, 301) 
indicate, however, that dicyandiamide is not 
in itself directly toxic to crops, but that un¬ 
satisfactory field results, following the applica¬ 
tion of calcium cyanamide or admixtures 
thereof containing substantial quantities of this 
derivative, are probably attributable to in- 
hibitive action on nitrifying bacteria. 

Calcium cyanamide is now being produced in 
America in a conveniently finely granulated form 
in the preparation of which the product is mixed 
with a substantial quantity of calcium nitrate, 
with the result that of the 22 % of total nitrogen 
contained in the finished product, about 3% 
is in the form of nitrate. The effect of this is 
that the fertiliser is ready to begin its work im¬ 
mediately, independently of the cyclical change 
of the cyanamide into urea or whatever other 
compounds precede its ultimate transformation 
into ammonia and nitrate. 
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Urea. —Urea has thus far found little use soil. Perfectly dry blood will contain 
as fertiliser in this country or in America, but 16% nitrogen and 4% ash, of which one-half is 
in various forms is used as such to a considerable common salt. The commercial article contains 
and increasing extent on the Continent of from about 11-14% of nitrogen. It is in growing 
Europe. Urea is obtained in large quantity by demand for direct application to the soil, but 
the action of various acids on solutions of the greater part both of the dried blood manu- 
calcium cyanamide, the action being usually factured here and of that imported from South 
expedited by some catalyst, such as manganese America is purchased by the manure makers 
dioxide or other suitable metallic oxide, and incorporated in compound fertilisers. 
(Carbon dioxide and manganese dioxide, Akt.- Meat meal, Meat Guano. —The residue from 
Ges. fiir Stickstoffdiinger, G.P. 301262, 22/3/16; the manufacture of meat extract is exported as 
sulphuric acid and manganese dioxide, Meister, manure from South America, and from Queens- 
Lucius and Briining, G.l*. 311018, 14/3/16, and land and New Zealand. The composition varies 
311019, 17/3/16; sulphuric acid and ferroso- much, chiefly according to the proportion of 
ferric-oxide, M. L. & B., G.P. 301278, 17/3/16; bone ground up with the meat. The nitro- 
nitric acid and calcium nitrate, Nydegger and genous samples may contain 11-13% nitrogen, 
Schellenburg, B.P. 153574, 25/10/20; mineral and 0-6-3 0% phosphoric anhydride. The 
acids under pressure, e.g. 5 atms. at 75°C., Soc. phosphatic samples may contain 6-7% nitrogen, 
d’J^tudes Chim. pour find., B.P. 192703, and 14-17% phosphoric acid. The better 
1/2/23.) Commercially purified urea, containing grades of meat meal, however, are now in 
46% of nitrogen, is listed abroad among nitro- demand as feeding stuffs for farm stock, 
genous fertilisers, but would seem to be too Shoddy and Wool Waste. —These are useful 
(!on centra ted for direct use owing to the nitrogenous manures, but less active than those 
difficulties of equable distribution in the field, previously enumerated, l>eing only slowly de- 
It is also commercially supplied in the form composed in the soil. They are used mainly 
of urea nitrate, which contains 34% of nitrogen, for hops and in market gardening. Pure dry 
The most popular and most convenient form, wool and hair would contain about 17% nitrogen 
however, in which it is supplied to the agricul- and 2% ash. The percentage of nitrogen in 
turist is what appears to be a molecular combina- ordinary shoddy varies from about 5 to 8, the 
tion of calcium nitrate and urea, in the proportion general average being about 7. Shoddy is apt 
of one equivalent of calcium nitrate to four to contain a good deal of water; the other 
equivalents of urea. This affords a stable impurities are cotton waste and mineral matter, 
combination resulting in an article containing Leather. —The percentage of nitrogen is 4-6. 

about the same proportion of nitrogen (34%) This is the least active form of nitrogenous 
as is yielded by urea nitrate. It is obtained by matter used as manure; but there are various 
dissolving calcium nitrate in a solution of urea manufacturing processes—such as treatment 
in the molecular proportions indicated, the with acids or with steam under high pressure— 
solution being concentrated by heat until a whereby the distinctive character of the leather 
“ melt ” is obtained containing only insignificant is more or less destroyed, the result being a fine 
quantities of water, and then converted into powder capable of undergoing more rapid 
granulated form by a process of spraying decomposition. 

(Badische Anilin- u. Soda-Fabrik., B.P. 246377, Soot. —House soot is used by farmers as a 
22/6/26; and I.G. Farbenind. A.-G., B.P. top dressing for spring corn. Good soot contains 
332945 and 332948 both of 29/4/29). about 4% of nitrogen or nearly 6% of ammonia 

Oilcakes.—Cheap or damaged oilcakes, or (say 20% of ammonium sulphate, in which 
cakes unfit for food (as castor), are employed to form the nitrogen largely exists), but it often 
a considerable extent as manure, and more containsanadmixtureofashes, and consequently 
particularly the residual meals obtained as by- varies a good deal in strength. When used in 
products in the extraction of oil by volatile large quantities the carbon is believed to im- 
solvents from rape seeds, castor-oil seed and prove the mechanical condition of clay soils, 
numerous other oil seeds. They are in request and its temporary darkening of the surface 
for hop manuring, and for general use on light tint of pale coloured clay land is said to be of 
soils, on which the farmer prefers a less rapidly value in conserving for the time being an ap- 
active form of nitrogen than is furnished by preciably higher degree of temperature in the 
guano, sodium nitrate or ammonium sulphate, surface soil by diminishing radiation. 

They may contain 4-7% of nitrogen, l-6-3’0% Bones. —These are seldom used in their fresh 

phosphoric anhydride and 1-2% potash. state; they have generally been first steamed 

Hoof and Horn. —^The powdered horn ob- to extract the fat. The extraction of fat by 
tained in making combs and other articles is organic solvents is also in practice. This results 
used to a considerable extent by manure manu- in less loss of nitrogen than does the steaming 
facturers; it is rich in nitrogen, containing about process. A third form of bone is that left after 
16%. extracting the greater part of the gelatinous 

Crushed hoof and horns in coarse form are matter by boiling under pressure. The analyses 
also in considerable demand by hop-growers shown at the top of the next page illustrate the 
and market gardeners as yielding during de- composition of Iwne manures, 
composition a slow but steady supply of Bones are either applied to the land directly 

available nitrogen. as crushed bones, or as bone-dust or bone-flour; 

Dried Blood.—^This is a very valuable or they are employed for the manufacture of 
manure, its nitrogenous matter becoming “ dissolved bone.” The soft parts of bone are 
available to the crop soon after mixing with the more nitrogenous than the hard parts. Bone- 
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Bone Meal. 


English Dc-gela- 

(containing English Boiled tinised 

cartilaginous (ordi- or lightly bone- 

matter). nary). Indian, steamed, flour. 


Moisture . 

8-24 

8-80 

♦Organic 
matter . 

36-14 

34-94 

t Phosphoric 
acid 

20-75 

21-66 

Lime . 

27-94 

28-53 

Magnesia, 
carbonic 
acid, etc. 

6-18 

4-62 

Silicious 
matter . 

1-75 

1-45 


100-00 

100-00 

♦Containing 

nitrogen 

4-72 

4-19 

Equal to 
ammonia 

6 73 

6-09 

t Equal to 
tricalcium 



phosphate 45-34 

47-33 


8-48 

8-62 

13-52 

30-56 

20-74 

9-88 

24-19 

32-03 

26-44 

35-95 

30-11 

40-04 

4-19 

7-25 

5-45 

0-55 

1-00 

1-00 

100-00 

100-00 

100-00 

401 

2-33 

091 

4-87 

2-83 

1-11 

52-85 

57-77 

65-79 


flour is a fine powder, prepared from highly 
steamed bones. 

Bone Ash was formerly much used for pre 
paring high-class superphosphates, but is now 
rarely used, owing to the abundance of cheaper 
phosphates. The commercial article, such as 
was formerly imported in large quantities from 
South America, contained from 75 to 80% of 
tricalcium phosphate. 

Basic Slag.—By the process patented by 
Thomas (1877-79), the phosphorus is removed 
from pig-iron. To molten iron in a Bessemer 
converter lined with lime, a large dose of lime 
is added, and the blast applied. At the high 
temperature reached, the impurities in the 
iron are oxidised by the air introduced, the 
phosphorus becomes phosphorus pentoxide and 
unites with the lime. A slag is formed contain¬ 
ing about 40-50% lime, varying quantities of 
magnesia, alumina, iron oxide, manganese oxide, 
silica and phosphoric acid equivalent to from 
20 to 50% of tricalcium phosphate. Basic slag 
is now an important product of the iron and 
steel industry. 

For several years the slag was regarded as 
valueless, the large amount of iron present 
leading to a presumption that its phosphoric acid 
would not prove available to plants, while the 
ferrous oxide would probably be injurious. It 
was, however, found that the phosphoric acid 
in the slag is almost wholly combined with cal¬ 
cium, and that this calcium phosphate is easily 
disintegrated and rendered soluble in the soil, 
and that no ill effects arise from the presence of 
ferrous oxide. Tetracalcium phosphate has been 
suggested as the combination in which most of 
the phosphorus occurs, but it is now regarded as 
probable that the phosphate has more nearly 
the composition (Ca 0 ) 5 ,Pjj 05 Si 02 . The phos¬ 
phate in the slag is not soluble in water ,* it is 
dissolved to a considerable extent by a solution 
of ammonium citrate, and when the slag is finely 
ground about 80% of it should dissolve in a 2 % 
solution of citric acid. 

Much basic slag, however, is produced in 
the open hearth process. This is of lower grade 
of phosphorus content and of low citric acid- 
solubility owing to the use of calcium fluoride as 


a flux. It is now generally conceded on the 
result of experimental trials that the practical 
value of basic slag is very largely dependent 
upon the degree of citric acid-solubility of the 
phosphoric aedd. The use of calcium fluoride as 
a flux (resulting in the conversion of some of 
the phosphorus into artificial apatite, which is 
not thus soluble) is a disadvantage from the 
point of view of the fertilising effect of the slag. 

To be effective the slag must be finely ground ; 
at least 80% of it should pass through a sieve 
having 100 meshes to the linear inch. The 
grinding requires special machinery. It is 
advisable, according to Horn (J.S.C.I. 1886, 5, 
242), to break first under stamps, to further 
reduce between rollers, then to separate pieces 
of iron by passing over slanting sieves, and finally 
to grind between millstones. 

Basic slag is especially valuable on moorland 
soils rich in organic matter and on clay soils 
deficient in lime on which the continuous use of 
superphosphate is undesirable. It has proved 
especially valuable on pasture land on which it 
encourages the growth of white clover. 

Precipitated Phosphate. — Phosphatic 
minerals which are unsuitable for the manu¬ 
facture of superphosphate, either from their 
poverty in phosphate or from the presen (!e of an 
objectionable amount of iron oxide or alumina, 
are sometimes treated with acid, the calcium 
phosphate dissolved out, and then recovered by 
precipitation. If the addition of the neutralising 
base is stopped while the solution is still acid, 
the precipitate will consist chiefly of dicalcium 
I phosphate. 

I The phosphoric acid in pnicipitated phosphate 
stands next in value to that existing as mono¬ 
calcium phosphate. Commercial dicalcium phos¬ 
phate may contain as much as 40% P 2 O 5 and 
is thus a very concentrated fertiliser. Since 
the introduction of basic slag, however, it is 
now scarcely worth while to manufacture pre¬ 
cipitated phosphate except as a by-product. It 
is thus prepared incidentally to the manufacture 
of gelatin from bones. The bones are treated 
with cold hydrochloric acid, which dissolves out 
the phosphate, leaving the gelatinoid matter un- 
dissolved. The phosphate is then recovered 
from the acid solution by precipitation with milk 
of lime. 

Rhenania Phosphate. —This is an artificial 
preparation made by igniting raw mineral 
phosphatic rock with silica and subsequently 
grinding to fine-meal. The phosphoric acid is 
mainly converted into a form soluble in alkaline 
ammonium citrate (Petermann). The finished 
article contains as much as 27% of “ citrate- 
soluble ” phosphoric acid. 

Superphosphate. —Some of the natural 
mineral phosphates may be applied directly to 
the soil with good effect, if in the condition of 
sufficiently fine powder. Many of the natural 
mineral phosphatic deposits are, however, too 
hard and insoluble to be economically used in 
this manner, and must be treated with sulphuric 
acid and converted into superphosphate. 

The treatment of bone with sulphuric acid 
was originally recommended by Liebig. The 
treatment of mineral phosphates with sulphuric 
acid originated with Lawes, who took out a 
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patent for this process in 1842, and founded a 
manufacture which has since reached enormous 
dimensions. A statistical report of the Inter¬ 
national Superphosphate Manufacturers’ As¬ 
sociation for 1937 estimated the world’s pro¬ 
duction of superphosphate for that year at 
nearly seventeen million tons. 

Superphosphate in the United Kingdom is 
now sold on the basis of its percentage of water- 
soluble phosphoric acid (P 2 O 5 ). Formerly it 
was sold on the percentage of “ soluble phos¬ 
phate ”—which term indicated the quantity of 
original tricalcium phosphate to which the water- 
soluble P 2 O 5 was equivalent. The term is still 
sometimes used, but the Fertilisers and Feeding 
Stuffs Act, 1926, now in force, requires the 
vendor to give his guarantee in terms of P 2 O 5 . 

Phosphate Materials Used. —Superphos¬ 
phate was prepared by Lawes in the first 
instance from spent animal charcoal; Suffolk 
(Tertiary) eoprolite and Estremadura phos¬ 
phorite were also early employed. The Suffolk 
eoprolite was for 15 years the principal material 
made use of. The far superior Cambridge 
(Greensand) eoprolite then became for many 
years the chief material, but these coprolites 
are no longer used. Deposits rich in calcium 
phosphate have been found all over the world ; 
many of these have been exhausted, and others 
given up as of inferior quality, or as being at 
present prices too expensive to work. The 
following account is given however both of some 
of those which have become matters of history, 
or the use of which is at present in abeyance from 
the effect of competition, as well as of those 
which are at present in use. 

South Carolina or Charleston Phosphate. 
—This is apparently a converted Eocene marl, 
occurring in rough masses, largely perforated by 
boring mollusca, and associated with fossil bones 
and teeth. It is classed as “ land ” and “ river ” 
phosphate; the latter is obtained by dredging 
the Bull, Coosaw and Stono rivers. This 
phosphate came first into use in 1867, and soon 
became the chief material for the manufacture 
of superphosphate. The quantity exported to 
the United Kingdom in 1887 was 165,275 tons 
(principally river phosphate); in the same year 
430,549 tons were used in the United States. 
There are three grades, containing phosphoric 
acid equal to 6(>-52, 55-56 and 58-60% tri¬ 
calcium phosphate; they differ mainly in the 
proportion of silicious matter present. South 
Carolina phosphate, though not rich enough for 
the preparation of high-class superjihosphates, 
was an admirable material for the production 
of an ordinary superphosphate, containing, 
according to the quality of the phosphate used, 
from 11 to 14% soluble phosphoric acid, or, in 
commercial language, 24-30% soluble phosphate. 
But, owing to the discovery of other deposits 
and to the local demand for this particular 
phosphate in the United States, it has at present 
practically ceased to be imported into England. 

Belgian and Somme Phosphate. —In the 
north of France (departments Somme and Pas 
de Calais) and in the adjoining districts of 
Belgium there exists a large deposit of a friable 
phosphatic rock, “ craie grise,” extending over 
seven million acres. This deposit lies on ordinaiy 


OR MANURES. 

white chalk ; it consists of yellowish grains 
embedded in a chalky matrix. The rock con¬ 
tains 20-30% of calcium phosphate, occurring 
in the crystalline grains above mentioned. In 
the upper layer of this deposit are pockets, 
chiefly developed in the French area, which con¬ 
tain a sand richer in phosphate and poorer in 
carbonate than the underlying rock, the propor¬ 
tion of phosphate in this sand being 5(>-80%. 
The sand has probably been formed from the 
original rock by the action of water. This 
phosphatic sand is known as “ Somme phos¬ 
phate.” 

The Belgian phosphatic rock is generally of 
low^ quality. By w^ashing and blowing, a 
material containing 40-45% calcium phosphate 
is produced. Many schemes have been tried 
for removing the calcium carbonate, and thus 
raising the value of the material; none has yet 
become a commercial success. Belgian phos¬ 
phate has been much used with other phosphates 
as a diluent; the carbonate it contains produces 
much gypsum when acted on by the sulphuric 
acid, and considerably improves the porosity 
and dryness of the manure. These phosphates 
are now little, if at all, used in England. 

Phosphorites. —Large deposits of apatite, 
or of phosphates having an apatite character, 
occur in many plac^es; those most worked have 
been the Estremadura, the Canadian and the 
Norwegian. These, however, are not now 
brought to this country, and have for the 
present ceased to be worked, but Russian apatite 
(under the name of ” Kola phosphate ”), con¬ 
centrated by a levigation process, is being 
produced in considerable quantity, and is in 
use on the Continent for the production of 
superphosphate. 

1 . Estremadvra Phosphorite. —An immense 
deposit occurs in (-aceres. In composition it is 
a fluor-apatite, but mixed with much quartz, 
and wuth more or loss calcium carbonate. There 
are three qualities, containing about 50, 60 and 
70% triealcium phosphate. The calcium carbo¬ 
nate varies from 6 to 16%. The exports w^ere 
in former years large, amounting sometimes to 
60,000 tons per annum, but it has long ceased to 
be used in England. 

2. Canadian Phosphorite. —This is much richer 
than the Estremadura phosphorite, containing 
70-80% tricalcium phosphate. The low^er 
qualities contain much mica. The amount 
formerly exported to the United Kingdom was 
considerable, but it is not now in use here. 

3. Russian (” Kola ”) Phosphate,. —This in the 
” concentrated ” form in which it is marketed, 
contains about 38-39% of phosphoric acid 
equivalent to 83-85% of tricalcium phosphate. 
Samples analysed by the writer have been 
found to contain 0-85-1-0% of iron oxide, about 
0-4-0-6% of alumina and about 0-8% of 
titanium oxide. 

Caribbean Phosphates.— Under this head 
are grouped the rock phosphates foun\i on many 
of the West India Islands, some of which are 
often classed as phosphatic guanos. 

1 . Aruba. —This is one of the Dutch islands. 
The phosphate is of high quality, containing 
75-80% tricalcium phosphate, but imports here 
have long ceased. 
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2. Curasao .—Another Dutch island. This, 
which is still being largely worked and is one 
of the finest phosphates available, contains 
about 78-85% tricalcium phosphate. It is used 
to a large extent in making high-grade super¬ 
phosphate, mainly in Contiriental fertiliser 
factories. 

3. Sombrero .—This valuable deposit, now 
exhausted, contained 70-75% tricalcium phos¬ 
phate. 

4. Navassa .—This contained the equivalent 
to 60-70% tricalcium phosphate, but too much 
iron oxide and alumina. It is now rarely heard 
of. 

Bordeaux Phosphate. —Raised in the de¬ 
partments of Lot and Tam-et-Garonne. This 
is now little used in England, as it is not rich in 
phosphate, and contains much ferric oxide and 
alumina. 

Nassau or Lahn Phosphate. —This is still 
used locally, but the exports to this country 
have ceased. It varies much in composition; 
the higher qualities are suitable for the manu¬ 
facture of superphosphate, but the lower qualities 
contain much iron. This phosphate is remark¬ 
able as containing a distinct amount of iodine. 

COPROLTTES.—The phosphatic nodules com¬ 
monly known as coprolites, found in England, 
are no longer in use. The Cambridge (i)pper 
Greensand) coprolite was the best of the English 
sorts; it contained 55-60% tricalcium phos¬ 
phate, without an admixture of ingredients 
prejudicial to the production of soluble phos¬ 
phate. The Sulfolk coprolite (Tertiary) con¬ 
tained less phosphate (55%) and more ferric 
oxide. The Bedfordshire coprolite (Lower 
Greensand) was still more inferior, the ferric 
oxide being present in increased j)roportion. 
But these various coprolites possess a permanent 
historical interest, as being the original form of 
phosphate used by Lawes for the production 
of superphosphate. 

In Franco there are considerable deposits of 
coprolite in the Upper Greensand in the depart¬ 
ments of Pas do Calais, Meuse and Ardennes. 
These generally contain a low proportion of 
phosphate, and much silicious matter. 

Florida Phosphate. —Extensive deposits of 
high-grade phosphate have been opened up 
during later years in the State of Florida. 
The phosphate is of two kinds, namely, “ hard 
rock ” phosphate and “ pebble ” phosphate. 
The rock phosphate commonly contains from 
78 to 80% of tricalcium phosphate, and the 
pebble phosphate about 70-74%. There is, 
however, also a high-grade pebble phosphate 
containing from 78 to 79% of tricalcium 
phosphate. These phosphates are very widely 
used for superphosphate. 

African Phosphate. —An extensive range of 
phosphate deposits exists on or near the 
northern coast of Africa, known in commerce 
as Algerian, Tunisian, Tocqueville, Gafsa and 
Egyptian phosphates. These are soft, powdery 
or friable piinerals, containing for the most 
part comparatively little silicious matter, but 
a large proportion of calcium carbonate. The 
proportion of tricaiciura phosphate commonly 
approximates to 60%, varying from about 59% 
to nearly 64%. 
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CHRI.STMAS Island Phosphate. —Tliis is a 
deposit found on Christmas Island—an island 
lying in the Indian Ocean south of Java. It 
contains about 87% of tricalcium phosphate, 
and makes excjoUent superphosphate. At 
present the output is said to be largely consumed 
in the manufacture of superphosphate in Japan. 

Pacific Phosphate. —Valuable deposits of 
similar high-grade phosphates, containing 86 or 
87% of tricalcium phosphate, accompanied by 
very little ferric oxide or alumina and practically 
no silica, occur on certain islands in the Pacific 
Ocean lying to the north-east of Australia. The 
[ principal deposits at present worked are those 
of Ocean Island and Nauru Island, but deposits 
have also been found on the islands of Makatea, 
Tahiti and Angaur. Much of the phosphate 
raised on these islands is consumed for super¬ 
phosphate making in Australia, New Zealand 
and Japan. 

The world output of mineral phosjihate from 
dll sources during the year 1937, as statistically 
compiled by the Phosphate Export Association 
of New York and London, was approximately 
12 , 000,000 tons. Of this output 469,227 tons 
were imported into the ITnited Kingdom, being 
as follows :— 



Metric tons 

Florida (Pebble). 

. . . 5,576 

Algerian (Constantine) . 

. . . 85,366 

Tunisian : 


Gafsa. 

. . . 166,558 

Tunisia .... 

. . . 28,946 

M’dilla. 

. . . 77,438 

Morocco. 

. . . 88,130 

Ocean-Nauru 

. . . 5,817 

Russia. 

. . . 10,896 

France . 

. . 500 


469,227 


Ground Mineral Phosphates. —Owing to 
improvements in milling machinery available 
for fine grinding in recent years, much develop¬ 
ment has occurred in the direct application 
to the soil of the softer types of mineral phos¬ 
phate, notably those found in various parts of 
North Africa. For direct use on the land, these 
are usually ground so finely that from 80-90% 
of the powder passes through a sieve having 
120 meshes l.M.M. per linear inch. These 
phosphates have a range of from about 25-32% 
of phosphoric acid (P 2 O 5 ), say 55-69% of 
tricaiciura phosphate, calculated on dry basis. 
They appear to answer well on some soils where 
climatic conditions are favourable but, where 
early results are looked for, the application of 
phosphoric acid in this form needs to be larger 
than when the phosphate is first rendered 
soluble as in superphosphate. “ Hard ” phos¬ 
phates, especially those of the apatite form, are 
unsuitable for direct application to the soil, 
however finely ground. 

Manufacture of Superphosphate. —The 
raw phosphate is first reduced to an extremely 
fine powder. If the material is in large lumps, 
it is first reduced by means of a crusher, and 
is then transferred to a suitable mill. The 
Kent mill is largely used for this purpose, and 
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is worked in conjunction with a screen and 
elevator. The finer the powder obtained, the 
more complete will be the decomposition by 
the sulphuric acid. For first-class work the 
powder should pass through a sieve of 80 wires 
to the inch. In view of the stringency of 
modern factory legislation, a dust-collecting 
j>lant of some sort, such as the Beth filter, is 
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usually considered necessary in the part of the 
works devoted to milling. 

It has been assumed in some text-books 
that the reaction in superphosphate making is 
simply 

Ca3P208+2H2S04-CaH4P208+2CaS04. 

This may be true as regards the major portion 


Pkrcentaoe (Composition op Mineral Phosphates employed in the Manufacture of 

Superphosphate . 

(From analyses made by the writer of this article.) 


Florida Phosphates. (Dried at 100'^'.) 



Hard rock. 

Pebble, medium grade. 

Pebble, higli grade. 

♦Phosphoric acid 

(P 2 O 5 ) • • • 

3()0r) 

:i6-44 

36-81 

31-92 

32 24 

32-80 

33-98 

30-24 


35-90 

Lime .... 

51-29 

50-46 

50-96 

46-70 

46-78 

47-18 

48-03 

49-44 


48-68 

Alumina 

1-42 

1 44 

1-41 

1-28 

1-29 

J-32 

1-23 

J 32 



Ferric oxide (ex¬ 
clusive of any 
pyrites) . 

0-()0 

0-60 

0-55 

1 45 

1-50 

1-85 

1*05 

0-60 


> 9-20 

Magnesia, carbonic 
acid, fluorine, 

etc. 

7-84 

6-31 

6*67 

11-66 

10-43 

9-50 

9-46 

6-40 



Silicious matter 

2-80 

4-75 

3-60 

6-93 

7-76 

7-35 

6-25 

6-00 


6-22 


100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

♦Equal to tricalcium 
phosphate . 

1 

78-77 

79-62 

80-43 

69-75 

70-44 

71-67 

74-25 

79-18 


78-44 

Excess of lime over 
tricalcium phos¬ 
phate 

8-57 

7-28 

7-34 

8-93 

8-58 

8-31 

7-76 

6-50 


6-14 

Moisture in phos¬ 
phate as im¬ 
ported 

0*66 

1-60 


21! 

1-94 

2-03 

2-33 



— 


North African Phosphates. (Dried at KK)''.) 



Algerian. 

Toeque- 

vilfe. 

Tunisian. 

Gafsa. 

Kalaa 

Djerda. 

Kosselr. 

Morocco. 

♦Phosphoric acid 










(P,o,) . . . 

27*05 

29-04 

25-26 

27-21 

28-44 

27-12 

27-68 

32-89 

34*66 

Lime .... 

47*79 

60-46 

43-01 

48-83 

49-92 

44-87 

49-60 

49-76 

52*48 

Alumina 

Ferric oxide (ex- 

0*66 

0-44 

0*52 

0-54 

0-48 

0-96 

0-47 

0-38 

> 0*70 

elusive of any 
pyrites) . 

0-25 

0-30 

0-48 

0-30 

0-25 

0-40 

0-30 

0-60 

j 

Magnesia, carbonic 










acid, fluorine, 

etc. 

18-95 

16-96 

17-33 

17-66 

17-41 

18-95 

18-85 

13-34 

1M7 

Silicious matter . i 

5-40 

2-80 

13-40 

6-46 

3-50 

7*70 

3-10 

3-04 

MO 


100-00 

100-00 

100*00 

100-00 

100*00 

100-00 

100*00 

100-00 

100*00 

♦Equal to tricalcium 










phosphate . 
Excess of lime over 

69-10 

63-45 , 

55*19 

69-45 

62*14 

69-26 

60*45 

71-79 

75*49 

tricalcium phos¬ 
phate 

15-74 

16-05 

13*08 

16-69 

16-22 

12-73 

16*83 

10*85 

11*54 

Moisture in phos¬ 










phate as im¬ 
ported 

— 

— 

•— 

3-30 

3*24 

— 

4*06 

I 

2*16 

i 

2*52 
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Various Phosphates. 


(Dried at 100^) 



Christmas 

Ocean- 

Tennessee. 

Belgian. 

French. 

Canadian. 


Island. 

Nauru . 

Rich. 

Poor. 

♦Phosphoric acid (P2O5) 

39*85 

39*84 

36*92 

19*67 

23*80 

39 32 

29*99 

Lime. 

52-24 

63*05 

50*59 

49*34 

52*96 

54*18 

42*25 

Alumina. 

Ferric oxide (exclusive of 

1*35 

0*30 

1*59 

0*43 

1*44 

0*40 

2*84 

any pyrites) . . . . 

Magnesia, carbonic acid. 

0*45 

023 

1*70 

0*65 

0*60 

0*55 

2*03 

fluorine, etc. 

5*96 

6*48 

7*46 

26*23 

20*60 

4*11 

9*27 

Silicious matter .... 

0*15 

0*10 

1*74 

3-78 

0*60 

1*44 

13*62 


10000 

100*00 

100*00 

100*00 

100*00 

100*00 

100*00 

♦Equal to tricalcium phos- 








phate. 

Excess of lime over tri- 

87*07 

87*05 

80-60 

42*76 

52*00 

85*84 

65*47 

calcium phosphate 
Moisture in phosphate as 

5*02 

5*84 

6*91 

26*15 

24*76 

7*66 

6-77^1 

imported. 

1*54 

2-52 

1*21 

0*45 


— 

1 









fipani-sh. 

West Indian. 

Coprolites. 









Hotel ii 
CaroHl^^ 


High 

grade. 

Poor. 

Aruba. 

Curacao. 

Bedford¬ 

shire. 

Suffolk. 

♦Phosphoric acid (P2O5) 

35*01 

25*77 

33*63 

37*00 

25*97 

26*30 

26*73 

Lime. 

48*49 

34*58 

48*33 

51*55 

40*66 

41*72 

43*62 

Alumina. 

Ferric oxide (exclusive of 

1*79 

1 1 

1*63 

0*20 

1*48 

1 f 

0*83 

any pyrites) .... 
Magnesia, carbonic acid, 

1*05 


1*75 

0*24 

5-30 

>22*90 <j 

1*45 

fluorine, etc. 

7*98 

J 1 

12*10 

10*90 

14 03 

J 1 

Mil 

Silicious matter .... 

5*08 

32*55 

2*56 

0*10 

12*56 

9-08 

9*60 


100*00 

100*00 

100*00 

100*00 

100*00 

100*(KJ 

100-00 

♦Equal to tricalcium phos¬ 








phate . 

Excess of lime over tri- 

76*43 

56*26 

73*48 

80*81 

56*69 

57*42 

58*36 

calcium phosphate 

Moisture in phosphate as 

7*07 

4*09 

8*48 

7*00 

9*94 

10*60 

12*00 

imported. 

1 


1*17 

3*04 

2*00 

0*65 

1*41 

0*90 


of the phosphate rendered soluble. But in 
practice, as was first pointed out by Ruffle 
(J.S.C.I. 1887, 6 , 327), the reaction, as regards 
an appreciable portion of the phosphate, almost 
invariably proceeds further, thus : 

Ca3P208+3H2S04=2H3P04+3CaS04 

so that a water solution of superphosphate 
contains a major proportion of CaH4P208, 
with a minor proportion of free phosphoric acid 
H3PO4. Indeed, unless there is a fair pro* 
portion of the latter, the “ soluble ” phosphate 
is unstable, owing to liability to reversion by 
subsequent interaction between the dissolved 
phosphate and that which was originally left un¬ 
dissolved. Thus superphosphate, when freshly 
made, may contain as much as from 6 to 10% of 
H3PO4, and sometimes more. 


In the first stage of the reaction, probably 
phosphoric acid alone is produced, and this after¬ 
wards reacts on the remaining undecomposed 
phosphate. The proportion of free phosphoric 
acid in the resulting manure is greater when 
strong sulphuric acid has been employed, the 
total soluble phosphoric acid being, at the same 
time, diminished. When superphosphates are 
dried at 100°, a loss of soluble phosphoric 
acid also occurs, and this loss becomes greater 
when a higher temperature is employed 
(Ruffle). 

A further reaction which is of some practical 
moment to the manufacturer of superphosphate 
is the diminution of soluble phosphate by 
keeping. The regenerated insoluble phosphate 
is known as “ reverted phosphate.” This de¬ 
terioration during storage is not observed in the 
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case of well-made superphosphate prepared 
from finely ground mineral phosphate containing 
only an insignificant quantity of iron or alu¬ 
minium, but it occurs when ferric oxide or 
alumina is present in any considerable quan¬ 
tity. 

So long as superphosphate is valued only on 
the basis of its content of water-soluble phos¬ 
phate, ferruginous and aluminous phosphates 
will be avoided by the manufacturer. On the 
Continent, however, and in the United States, 
reverted phosphate has a considerable money 
value, allowing of the use of mineral phosphates 
containing relatively large quantities of iron 
and aluminium. 

The sulphuric acid employed is usually 
pyrites-made chamber acid of 1*55 to 1*60 sp.gr. 
Weak acid is essential, as the dryness of the 
superphosphate depends largely upon sufficient 
water being present for the crystallisation of the 
calcium sulphate (CaS04,2H20) formed by 
the reaction. It follows that, when much 
calcium carbonate is present in the phosphate, 
weaker acid w ill be required than wdien but little 
calcium carbonate is present. When calcium 
fluoride is present in considerable quantity, and 
very little or no calcium carbonate (as in apatite), 
acid stronger even than 1*66 sp.gr. is necessary, 
as calcium fluoride is not so readily decomposed 
as calcium carbonate. 

The proportion of sulphuric acid to l)e used 
depends, of course, upon the composition of the 
phosphatic material. Theoretically, 100 of tri¬ 
calcium phosphate will require 94 of sulphuric 
acid of sp.gr. 1*60 (65% SOg), or 100 of sul¬ 
phuric acid of sp.gr. 1*55 (51*5% SOg), if mono¬ 
calcium phosphate is to be produced. The 
proportion of sulphuric acid used in practice is 
usually as large as can be employed without 
endangering the dryness of the product. It is 
generally somew^hat in excess of that needed to 
produce raonocalcium phosphate, but is con¬ 
siderably below that required to yield only 
phosphoric acid. 

The excess of lime present in the phosphate (as 
carbonate or fluoride) is a principal factor in 
determining the quantity of sulphuric acid to 
be employed: 100 of lime will require 260 of 
acid sp.gr. 1*6 or 277 of acid sp.gr. 1*55 to 
produce calcium sulphate. At the foot of the 
tables previously given will be found the excess 
of lime (over that required to form tricalcium 
phosphate) present in each of the mineral 
phosphates commonly employed. Phosphates 
containing a considerable excess of lime will 
obviously yield a poorer superphosphate than 
their percentage of phosphoric acid would seem 
to indicate, owing to the large proportion of 
sulphuric acid which they require. ^ 

In the earlier methods of manufacture of 
superphosphate, the powdered phosphate was 
poured into the mixer from bags while a measured 
quantity of acid was run in from a tank, the 
mixer consisting of a cylinder containing a 
revolving shaft with arms or paddles, the 
contents, after a brief mixing, being discharged 
by a valve into a pit or “ den ” in which it was 
hardened, and from which it was subsequently 
excavated originally by hand labour, but later 
by suitable mechanical means. 


Of recent years, however, considerable im¬ 
provements of a mechanical nature have been 
made in the manufacture of superphosphate 
with the result that the superphosphate now 
produced is much drier and more granular than 
the earlier forms, and no longer exhibits the 
troublesome tendency to cake and clog the drills 
or other mechanical devices used for distributing 
it on the land—a very great practical advan- 
tage. 

In one form of modern plant (known as the 
“ Broadfield ” plant), the finely ground raw 
phosphate and the acid are continuously fed 
together in proper proportions into a mixer 
supplied with paddles by which the mixture is 
agitated from 4-5 minutes, being continuously 
discharged into a den having the form of a 
horizontal cylinder in which it “ sets ” or 
solidifies. This cylindrical den contains a 
travelling “ carriage ” on which is mounted a 
cutter, the motion of the carriage and that of 
the cutter being clfected by an electric motor. 
The “ carriage ” travels along the den, while 
the cutter reduces to powder the mass of super¬ 
phosphate in front of it, and this is finally 
discharged by means of belt conveyers into the 
storage bin. This form of den is known as the 
“ Wenk ” den. There is, however, another 
form of den (known as the “ Milch ” den) which 
is planned in the reverse sense, the den itself 
(a steel cylinder) being mounted on wheels so 
that it travels forward (»r! to a fixed “ excavator,” 
on which is mounted a cutting apx)aratus 
similar to that on the movable carriage used in 
the ” Wenk ” den. 

A new mode of manufacture, which is also 
in use in England, has been patented by Messrs. 
Ober &, Sons of Maryland, B.P. 357608, 357509, 
358529, all of 1931. The plant used, wliich is 
necessarily more complicated than that in earlier 
modes of manufacture, is so contrived that a 
stream of acid passes to a “ receiving zone ” 
where it meets and intermixes with a stream of 
mineral phosphate in a state of fine division, the 
combined stream being passed under pressure 
into a horizontal cylindrical autoclave which is 
kept in continual rotation, and has an outer 
jacket by means of which its temperature may be 
raised or lowered. The mixture of phosphate 
powder and acid is drawn into the autoclave by 
aid of a partial vacuum until a full charge has 
been introduced, when the exhaust is closed and 
the charge is allowed to produce under pressure 
of its own reaction the gases and vapours 
generated by the chemical reactions which are 
going on. The full internal pressure thus set 
up is maintained for a time and then released, 
the escaping gases and vapours being passed 
through a condenser. The result of the release 
and expansion of gases and vapours causes a 
sudden drop in the temperature of the contents 
of the autoclave, which may be further reduced 
by admitting a “ cooling medium ” into the 
hollow jacket of the autoclave. It is claimed 
that the sudden drop in temperature accelerates 
crystallisation. 

Subsequently, the superphosphate is dried by 
replacing the ” cooling medium ” in the jacket 
of the autoclave by a “ heating medium,” 
while simultaneously the autoclave is subjected 
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to partial atmospheric evacuation by means of 
an exhaust, with the result that the contents 
are rapidly dried. During the whole of the pro¬ 
cess the contents of the autoclave are being 
agitated by the constant maintenance of the 
rotary motion of the autoclave. The super¬ 
phosphate, which is then in a well dried and 
powdery condition, needing no further attrition, 
is removed from the autoclave in the state ready 
for storage or transport. The plant is diagram- 
matically shown in detail in the drawing attached 
to B.P. 357508 (September 7th, 1931). 

In whatever process used, the gases given 
off during the reaction, both from the mixer 
and pit, are of a particularly unpleasant descrip¬ 
tion, especially when the phosphate contains 
fluorides. Both mixer and pit are provided 
with flues in connection with a fan, by which 
all the gases are removed; these are purified 
in a scrubber, anti then conducted to a tall 
chimney. 

For many 3^ear8 the favourite type of super¬ 
phosphate was one containing about 12% of 
soluble phosphoric acid (equivalent to 26-28% 
of tricalcium phosphate), but this grade has now 
been largely replaced by a grade containing 
about 13-7% of phosphoric acid (equivalent to 
30% of tricalcium phosphate), and by a higher 
gradt' having from 16-17% of phosphoric acid 
(equivalent to 35-37% of tricalcium phosphate). 
Higher grades still are common and continue to 
be manufactured, especially for export purposes 
to economise freight, and for use in making 
compound fertilisers. 

Far richer superphosphates are obtained by 
the proeess patented by Packard (B.P. 6176, 
6750, 6751, 6752, all of 1884). Superphosphate, 
prepared so as to be rich in free phosphoric acid, 
is extracted with water, the solution evaporated 
to 8p.gr. 1-126-1 *300, and sufficient calcium 
phosphate, carbonate or hydroxide added to 
leave one-third of the phosphoric acid in the 
free state. The solution is then filtered, and 
the filtrate evaporated to dryness. The product 
contains about 40% of soluble phosphoric acid, 
equal to 87% of so-called “ soluble phosphate.” 
This superphosphate has a special value 
where manure has to be conveyed a long 
distance. 

“ Dissolved " or “ Vitriolised " Bones.— 
Owing to the requirements of the Fertilisers 
and Feeding Stuffs Act, the terra ” dissolved 
bone ” or “ vitriolised bone ” is restricted to 
fertilisers made from pure bone and acid only. 
Usually, in such cases, only from one-half to 
two-thirds of the phosphate is actually soluble 
in water, but much of the remainder is in the 
readily assimilable form of dicalcium dihydrogen 
phosphate. If enough acid were used to dissolve 
all the phosphate, the product would be too 
pasty for sowing. 

A lower grade of fertiliser known as “ Dis¬ 
solved Bone Compound ” is made by adding to 
the mineral phosphate, prior to the addition of 
acid, a variable quantity of bone-meal together 
with small quantities of dried blood or other 
nitrogenous material. 

Mixed or Compound Fertilisers. —Special 
fertilising mixtures designed for different crops 
have been provided by leading manufacturers 


of chemical manures ever since the early days 
of superphosphate manufacture. Such mix¬ 
tures usually consist of superphosphate with 
ammonium sulphate and salts of potassium, 
with, in some cases, the inclusion of sodium or 
potassium nitrate, organic nitrogenous ferti¬ 
lisers, bone meal, etc., in proportions varying 
with the purpose for which the fertilisers are 
intended, with a view to relieving the farmer 
from the more troublesome, though sometimes 
more economic, alternative of purchasing the 
simpler fertilisers separately and mixing them 
for himself. In some of these compound 
fertilisers other organic nitrogenous ingredients 
—such as dried blood, hoof and horn meal or 
leather meal—are mixed with the mineral 
phosphate before its conversion into super¬ 
phosphate by admixture with sulphuric acid, 
ammonium sulphate and potash salts being 
subsequently mixed in. 

Later developments, however, have occurred 
in the preparation of compound fertilisers 
w'hereby, instead of mere dry mixtures of super¬ 
phosphate, potassium salts, ammonium salts, 
etc., soluble phosphoric acid is furnished in the 
form of ammonium phosphate or potassium 
phosphate or both. These salts may be blended 
with ammonium or potassium sulphate, yielding 
a granular form of which every fragment contains 
its proper fractional proportion of each ferti¬ 
lising element with the advantage that all are 
distributed, not only simultaiicoiisl^", but with a 
regularity less easily obtainable with the more 
old-fiishioned mixtures. 

In England, these comjK)unds are prepared 
on a considerable scale at Billingham where is 
produced synthetic ammonia and this, combined 
with phosphoric acid, makes an ammonium 
phosphate w hich is mixed in various proportions 
with ammonium sulphate and potassium 
sulphate, the mixture, by a process of wetting 
and drying and the use of appropriate machinery, 
being converted into a uniform granular con¬ 
dition. In some cases suitable forms of “ in¬ 
soluble ” calcium phosphate are also introduced 
into the mixture. 

Thus a series of fertilisers is made at BiUing- 
ham showing on analysis percentages as 
below:— 



Nitrogen. 

Phosphoric acid. 

Potash. 

Water sol. 

Insol. 

A . . 

14-3 

43-0 

_ 

— 

B . . 

180 

18-0 

— 

— 

C . . 

16-0 

32-0 

— 

— 

D . . 

12-3 

56-6 

— 

— 

1 . . 

12-5 

12-6 

— 

16-0 

2 . . 

10-4 

10-4 

— 

20-8 

4 . . 

10-4 

20-8 

— 

10-4 

6 . . 

8-0 

16-0 

6-5 

16-0 

6 . . 

7-6 

26-0 

6-0 

7-6 

7 . . 

6-6 

22-5 

3-0 

13-0 


Gypsum .—This has in most cases but a small 
value for direct use as a manure. Where super¬ 
phosphate is used, gypsum is an integral part of 
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it. Gypsum is sometimes used as a drier to mix 
with damp or pasty fertilisers. 

Borax is sometimes effectively used as a 
remedial application for “ heart rot ” in sugar 
beet, turnips and swedes and also for certain 
diseases of apples and of tobacco. It was con¬ 
clusively proved by K. Warington as long ago 
as 1923 that traces of boron were essential to the 
development and flowering of broad beans, and 
it may well be that traces of boron in the soil 
are essential for most crops, in which case it 
appears probable that most soils contain a 
sufficiency of it. When used, applications are 
usually restricted to such small dressings as 
15 to 20 lb. of borax per acre. If applied in 
dressings approaching the proportions of the 
dressings in which ordinary concentrated ferti¬ 
lisers are applied it may be disastrously 
poisonous. 

Lime, Chalk and Marl.—These are mainly 
applied for the sake of the considerable ameliora¬ 
tion of the soil which they effect, especially in 
the correction of “ acidity.” Burnt hme, fresh 
or slaked, is in common use. Freshly burnt lime 
is usually used in “ lump ” form, but can now 
also be obtained from cement factories in a finely 
ground state, in which condition mxich smaller 
dressings may be effectively used, though, of 
course, they need to be repeated from time to 
time. Finely ground chalk is now also obtain¬ 
able from the same source; and there is a 
growing supply of finely divided calcium 
carbonate obtained as a by-product in the 
softening of calcareous water supplies. 

Potassium Salts—(Those used as fertilisers 
are mainly the sulphate containing from about 
48 to 63% KjO and the chloride (commer¬ 
cially known as “muriate”) containing KCI 
equivalent to about 50% KjO. Lower grades 
of potassium chloride largely diluted with 
sodium chloride are also much in use. One grade 
containing the equivalent of about 12 to 14% 
KjO isoften sold under the misnomer 
—presumably because its potash equivalent is 
similar to that of the formerly popular natural 
mineral kainite, which if not yet exhausted is 
now rarely obtainable. 

For most crops the sulphate or chloride may 
be used interchangeably, but for potatoes the 
sulphate is preferable. On freely draining soils 
the lower solubility of the siaiphate may be 
advantageous, but on most soils, even with the 
chloride, there is little chance of loss by 
drainage, as the potassium is readily fixed by 
“base exchange” in the clay fraction of the 
soil. 

The Relative Value of Manures. 

Of the nitrogenous fertilisers nitrates are the 
most rapidly active form of nitrogen. Com¬ 
parisons between sodium nitrate and ammonium 
salts, containing similar amounts of nitrogen, 
have been made for many years at Rothamsted, 
and also at Woburn. With cereal crops the 
nitrate, on an average, yields, nitrogen for 
nitrogen, distinctly more com and considerably 
more straw than ammonium salts. On grass¬ 
land, the relative superiority of nitrate as 
regards yield of hay, is about the same as with 
cereals. For potatoes, ammonium sulphate is 


usually preferred to nitrate. For mangel-wTirzcl, 
or sugar beet, the nitrate is superior. Nitrates 
and ammonium salts, in favourable circum¬ 
stances, give most of their effect in the first year 
of their application. 

The constant use of ammonium sulphate on 
soils poor in lime tends to cause a deleterious 
acid condition of the soil unless lime is occa¬ 
sionally apphed. On such soils the use of 
sodium nitrate in alternate years has been 
suggested, since the residual effect of this salt 
in the soil is alkaline. 

Cyanamide, under favourable conditions, 
gives results similar to those obtained from a 
corresponding quantity of ammonium sulphate, 
but its action depends upon its time of applica¬ 
tion and upon suitable weather and, probably, 
upon the texture and composition of the soil, as 
well as on biological considerations. It is best 
used after admixture with superphosphate, 
though it has the incidental effect of ” pre¬ 
cipitating ” soluble phosphate. Unless supplied 
in the granulated form it is not a pleasant 
substance to handle in its raw condition, and, 
if sown alone, it should be sown by means of a 
mechanical distributor. 

The effect of organic nitrogenous manures 
differs in different soils. In a clay soil, bones 
decompose so slowly as to be of little value. 
Organic manures, as shoddy, oilcake, bones and 
farmyard manure, yield only a portion of their 
nitrogen to the crop during the first year, and 
several years will elapse before the supply is 
exhausted. The continued use of such manures 
increases the proportion of nitrogen in the soil. 
The proportion of the nitrogen in the manure 
that is recovered in the crop is frequently 
smaller than that obtained under favourable 
circumstances in one season from the applica¬ 
tion of sodium nitrate or ammonium sulphate, 
the slowly acting manures being, in the case of 
arable land, subject to an annual loss of nitrogen 
as nitrates by drainage. Organic nitrogenous 
manures are more active in proportion as they 
are finely divided, and when applied to a well- 
aerated soil. They are best applied in autumn, 
while nitrates and ammonium salts should be 
applied in spring. 

At the close of the section devoted to 
farmyard manure, (page 63) reference was 
made to the now recognised existence of 
” auximones ” (plant growth-stimulants) in 
some forms of decaying organic matter having 
a function additional to the mere supply of 
actual plant food—with the suggestion that this 
may have some bearing on the well-known fact 
that for some purposes farmers show a preference 
for organic nitrogenous fertilisers over those of 
inorganic origin—such as nitrate or sulphate of 
ammonia. 

The relative value of different forms of phos¬ 
phates has been a subject of much controversy. 
Some mineral phosphates (as apatite) having 
been found almost useless as manure, it was too 
hastily concluded that (with the exception of 
bone and guano phosphates) only phosphates 
soluble in water were effective. It has, however, 
been maintained that very fine grinding will 
render any phosphate as available as soluble 
phosphate. 
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In considering the subject it should be borne 
in mind that the phosphates in the soil, on which 
plants feed, are not soluble in water, drainage 
wate^rs being free from phosphoric acid. Soluble 
phosphate when applied to a fertile soil is quickly 
precipitated, and is generally finally converted 
into a hydrated ferric or aluminium phosphate. 
The practically insoluble phosphates of the soil 
are dissolved either by the acid sap of the root 
hairs immediately before absorption by a crop 
or (as is now considered more probable) by the 
carbonic-,acid-laden water of the soil. 

One great advantage possessed by a phos¬ 
phate soluble in water consists in its diffusibility. 
When rain falls after an application of super¬ 
phosphate or other water-soluble phosphate, the 
phosphoric acid is distributed in the soil more 
perfectly than can be achieved by any other 
mode of application, and consequentl}'^ a greater 
number of root hairs may come in contact with 
it. Superphosphate is thus more immediately 
effective than other forms of phosphate. The 
superiority of superphosphate is, however, not 
shown in the case of some soils very poor in 
lime, in which any additional supply of acid 
matter is hurtful to the plant; in such cases an 
assimilable undissolved phosphate may produce 
a better result. On such soils (poor in lime), 
basic slag, guano or fine bone meal find an 
appropriate place. 

Numerous experiments have been made re¬ 
garding the assimilability of mineral phosphates 
when finely ground. It appears that apatites 
and other crystalline phosphates not dis¬ 
integrated in the soil, have a very small raanurial 
effect even when finely ground. The majority 
of non-apatitic mineral phosphates are, however, 
effective when very finely ground, but to a 
different extent on different soils. The con¬ 
ditions favourable to the use of undissolved 
phosphates are presence of humus and scarc^ity 
of lime. On the moor soils of Germany, where 
such conditions prevail, basic slag has had its 
greatest success. A calcareous soil is the one 
least suitable for the use of undissolved phos¬ 
phates. 

It is generally admitted that i)reiipitated 
dicalcium phosphate is nearly equal in effect to 
soluble phosphate. Phosphates that are soluble 
in ammonium citrate (including the reverted 
phosphate of superphosphate) may be safely 
regarded as assimilable by plants; in America 
they are regarded as of about equal value with 
water-soluble phosphate; that they are so 
always is certainly open to doubt. But phos¬ 
phates that are insoluble in ammonium citrate 
are often effective as manure. Ammonium 
citrate gives thus no safe distinction between 
assimilable and non-assimilable phosphates, 
though it affords a useful approximate means of 
determining “ reverted ” phosphate in super¬ 
phosphate. 

As a measure of ready availability in basic 
slag, a 2% solution of citric acid has now 
superseded ammonium citrate. 

Special Methods of Analysis. 

The enormous quantity of fertilisers and of 
their components bought and sold upon the 
results of analysis has led to great attention 


being paid to the question of accurate and speedy 
analytical methods. To enter into a discussion 
of all the methods which have been suggested, 
or even of those which have been “ offi('iany ” 
recognised by the associations of agricultural 
analysts or manufacturers in different countries, 
is here impossible. 

In the analysis of fertilisers, the object is 
sometimes merely the determination of a 
definite fact, such as the percentage of total 
nitrogen or the percentage of total phosphoric 
acid. In such cases there are diverse methods 
available. Sometimes, however, the analysis is 
ne€‘ded for such a purpose as the determinations 
of “ soluble ” phosphoric acid. Here much 
depends upon the interpretation of the word 
“ soluble,” since solubility depends not merely 
on the nature of the solvent, but upon its pro¬ 
portion to that of the material acted upon and 
the mode and duration of its application. It is 
therefore necessary to define ” solubility ” before 
determining it. Unfortunately, different inter¬ 
pretations of solubility have been in vogue in 
different countries, causing occasional confusion 
in international trade, but efforts to arrive at 
international agreement have been attended 
with some, though only a partial, measure of 
success. 

Analysis of Raw Mineral Phosphates. 
Determination of Phosphoric Acid. —The 
phosphoric acid in mineral phosphates may be 
accurately determined either by tlie use of 
molybdic acid or by what is sometimes called 
the citiic-oxalic-magnesium method, without 
the intervention of molybdic acid. 

There are several modifications of the molyb¬ 
date method whidi give fairly accurate and 
therefore (‘oncordant results in the hands of 
careful workers. Their one common dis¬ 
advantage is that the quantity of sample 
represented in the portion of solution finally 
worked upon is necessarily smaller than in the 
alternative procedure, and consequently any 
errors due to inaccuracy of calibration of flasks 
or pipettes or to lack of exactness in using them, 
are correspondingly multiplied; and the same 
observation obviously attaches to errors inci¬ 
dental to the washing of precipitates, the 
efficiency of filters and the operations of 
weighing. There is cogent reason for supposing 
that many disagreements sometimes attributed 
to the use of alternative methods are due to 
insufficient appreciation of some of these sources 
of error, or to the non-observance of the pre¬ 
cautions necessary to avoid them. When, as is 
often the case, as little as 0-2 g. of raw phosphate 
is used in the determination, a single milligram 
of magnesium pyrophosphate (the form in which 
the phosphate is weighed) is equivalent to 
approximately 0-7% of tricalcium phosphate— 
a grave consideration in the case of large cargoes, 
the price of which is exactly adjusted to the 
results of analysis, even to the second place of 
decimals. 

A reliable modification of the molybdate 
method as applied to the analysis of raw mineral 
phosphates which has been in use for many 
years is that of G. Jorgensen, who has devoted 
much time and attention to the matter. 
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Jorgensen’s method was originally published eonference of superphosphate manufacturers at 
in Denmark, but an account ol it, communicated Hamburg in 1934, and as this process is now 
by himself, was pubbshed in the Analyst, 1909, much in use on the Continent and is sometimes 
34 , 392, and it is now generally regarded as of imposed as an obligatory condition in “ arbitra- 
standard accuracy. It is as follows :— tion ” analyses, details must here be recorded. 

Method of Jorgensen —5 g. of the mineral l-b g. of the finely ground mineral phosphate 
phosphate are dissolved in 20 ml. of nitric acid is treated with 20 ml. of nitric acid (sp.gr. 1*38) 
in a 250 ml. flask. After gentle boiling for and the solution evaporated to dryness on a 
15 minutes, the contents of the flask are cooled, sand-bath at 115~120‘'C. The residue is taken 
made up to 250 ml., and filtered. To 50 ml. up in 16 ml. of nitric acid, diluted with 200 ml. 
of the filtrate (~1 g. of the phosphate) in a of w'ater and boiled for 2 minutes, allowed to 
beaker-flask, 165 ml. of the molybdic solution cool and diluted to a volume of 500 ml. The 
are added, and the flask and its contents placed solution is filtered through a dry filter and 50 ml. 
in a water-bath at a temperature of 50*^ for (—0*15 g. of the phosphate) are placed in a 
10 minutes, with occasional stirring. After 500 ml. Erlenmeyer flask and diluted with 
cooling and standing, the supernatant liquid is water to a volume of 100 ml. 30 ml. of nitric 
poured through a filter and the precipitate is acid are added, followed by 20 ml. of ammonia 
washed 10 times by decantation with the acid (sp.gr. 0-924) and brought to a boil. The flask 
ammonium nitrate solution, about 20 nil. being is removed from the flame and immediately 
used for each washing. The filtratt' should be there is atkled, droj) by drop, from a pipette or 
tested with more molybdic solution to see that stoppered funnel, 15 ml, of a solution of pur© 
the precipitation is complete. The washed ammonium molybdate (150 g. per litre), a void- 
precipitate is dissolved in 100 ml. of 2j% ing dropping this down the sides of the flask, 
ammonia solution, and filtered, if necessary, At the same time the flask is continuously 
through the filter which served for its separation, rotated so as to obtain a precipitate free from 
the filter being washed 8 times with ammonia occluded molybdic acid. The whole is than 
solution, until the final volume is about 180 ml. shaken for 1 minute and allowed to stand for 
The beaker-flask is covered with a clock-glass, 20 minutes, after which there are two alternative 
the contents brought just to boiling-point, and modes of procedure—-gravimetric or volumetric. 
30-35 ml. of the magnesia mixture added drop Gravimetric Method. —The liquid is decanted 
by drop from a burette, the whole being well through a tared Gooch crucible and the ])recipi- 
stirred and allowed to cool with frequent stirring tate washed 4 times by decantation with a wash 
as long as it remains warm. If the precipitate is solution having a temperature of 70-80°C. and 
not compact and crystalline, the stirring should consisting of a mixture of 865 ml. distilled water, 
be continued longer. After standing for at least 85 ml. nitric acid and 50 ml. of ammonia (sp.gr. 
4 hours, the precipitate is filtered off, using a 0-924). The whole of the precipitate is trans¬ 
platinum (Gooch) crucible packed with spongy ferred to the crucible, removing any portions 
platinum (or, presumably, ignited asbestos) and adherent to the sides with a rubber-tipped glass 
washed with the 2^% ammonia solution until rod. The filter is washed 4 or 5 times wdth the 
free from chlorides, and once with alcohol. It wash solution, until the filtrate gives no colour 
is then dried, heated (at first gently), and then with potassium ferrocyanide. The precipitate 
ignited strongly, cooled and weighed as is drained completely by the pump, dried in an 

oven, covered and placed in an electric muffle, 
The solutions used by Jorgensen are as the temperature of which is raised gradually to 
follows: - 600-650°C., which temperature is maintained 

Molybdic Solution. —100 g. of ammonium for an hour, when the precipitate should be of a 
molybdate are dissolved in 280 ml. of ammonia uniform blue-black colour. After complete 
ofsp.gr. 0-97, and 300 ml. of this solution poured cooling in a desiccator it is weighed. The weight 
with vigorous shaking into 700 ml. of nitric of precipitate multiplied by 0-03946= PgO^. 
acid of sp.gr. 1*21, the mixture being allowed Volumetric Method. —The phospho-molyb- 
to stand for 24 hours. die precipitate obtained as hereinbefore 

Wash Fluid for Molybdic Precipitate. —40 g. described is washed by decantation twice (cold) 
of ammonium nitrate and 10 g. of nitric acid with the wash solution already mentioned, the 
per litre. The author prepares this by mixing decanted fiquid being passed though a filter of 
90 ml. of nitric acid of sp.gr. 1-4 with about hardened paper of a diameter of 125 mm., on to 
1,600 ml. of water, adding 80 ml. of ammonia which, by aid of the same solution, the procipi- 
of sp.gr. 0*91 and making up to 2 litres. tate is finally collected. After complete draining 

Magnesia Mixture. —50 g. of pure crystallised the precipitate is washed twice on the filter with 
magnesium chloride and 150 g. of pure am- distilled water which has been used to rinse the 
monium chloride, dissolved and made up to flask, and then further 6 times with distilled 
^ • water, taking care to drain completely after each 

Wash Fluid for Ammonium-Magnesium Pre- washing. The final washing must be free from 
cipitate. —Ammonia solution containing 24 % acidity to the extent that after the addition of a 
NHj. (This may be made by diluting 100 parts drop of phenolphthalein it should be reddened 
of ammonia of sp.gr. 0*91 with water to 1 litre.) by the addition of a single drop of A’/IO NaOH. 

8t. Gobafn (Sanfourche) Method. — The filter and precipitate are then replaced in 
Comparatively recently, however, another form the flask with the addition of 60 ml. of N12 
of the molybdate method has assumed import- sodium hydroxide solution, the whole being well 
anoe owing to its having been adopted, as stirred and the filter squeezed out against the 
an alternative to Jdrgensen’s method, at a sides of the flask by means of a glass rod, where 
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it is momentarily allowed to remain. There are 
then added 12*5 ml. of a previously neutralised 
40% formaldehyde solution containing 0-015 g. 
of phenolphthalein per 100 ml. (or 17-5 ml. if the 
sample contains more than 70% phosphate). 
The filter paper is re-plunged in the liquid, well 
stirred and again brought to the side of the 
flask and pressed out. N /2 hydrochloric acid 
solution is added until the red phenolphthalein 
colour disappears, when the filter paper is again 
immersed, stirred, brought to the side and 
pressed out, the addition of acid being con¬ 
tinued until the colour again disappears. When 
the filter is again immersed there should be no 
return of the red colour, otherwise the addition 
of acid is continued as before. At complete 
neutralisation, if V is the volume of hydro¬ 
chloric acid added (50 ml.-V ml.) x 0-001362 
- weight of P 2 O 5 . 

Either modification of this St. Gobain (San- 
fourchc) process has been found in the hands of 
the present writer to give results closely agreeing 
with those obtained by Jorgensen’s method, 
provided that the analysis process is carried 
out with meticulous care. But it must be 
remembered that, as the weight of sample in the 
portion of solution operated on is only 015 g., 
any experimental error is necessarily multiplied 
times more than is any error incidental to 
Jorgensen’s method in which the quantity of 
phosphate operated upon is 1 g. 

Citric-Oxalic-Magnesium Method.—The 
phosphoric acid (and incidentally the calcium) 
may be correctly determined in the following 
way. 2 g. of the mineral phosphate are treated 
with 25 ml. of strong hydrochloric acid in a 
beaker covered with a clock-glass to avoid loss 
by spraying. After a few minutes’ warming, 
the clock-glass is washed back into the beaker 
and removed, the beaker being placed in a water- 
bath and the contents evaporated to dryness. 
This results in the elimination from solution of 
not only silica, but of fluorine compounds, the 
removal of which is essential to the accuracy of 
the process. Mere evaporation to drynt'ss with 
a small quantity of hydrochloric acid is in¬ 
sufficient to ensure this removal. It is necessary 
to use at least the large quantity of acid specified 
(25 ml.), so that its evaporation may extend over 
several hours. (The non-observance of this pre¬ 
caution is a fruitful source of error, resulting in 
the subsequent formation of magnesium fluosili- 
cato and consequent over-estimation of phos¬ 
phoric acid). The dry residue is taken up with 
5 or 10 ml. of hydrochloric acid and about 20 ml. 
of water, and warmed. The silica, together with 
pyrites or other insoluble matters, is filtered off 
and thoroughly washed. To the filtrate and 
washings (measuring about 150 ml.), 4 g. of 
powdered citric acid are added and 3-4 g. 
of powdered ammonium oxalate. The solution 
is heated nearly to boiling, and rendered just 
alkaline with dilute ammonia (sp.gr. about 
0-970) and excess of acetic acid is immediately 
added and the liquid is boiled for a few moments. 
The calcium oxalate is immediately filtered off 
and washed several times with boiling water, 
dried, and ignited over a yellow Argand flame, 
and weighed as CaCOg. The precipitate con¬ 
tains all the calcium. It may contain very 


minute quantities of ferric oxide, aluminium 
oxide or manganese oxide, and a minute quan¬ 
tity of phosphoric acid. On this account the 
precipitate, after being weighed, is dissolved in 
dilute hydrochloric acid, the solution being boiled 
and treated vdth a alight excess of recently 
diluted ammonia. The small precipitate which 
forms is filtered through a small filter, washed 
and redissolved in a little dilute acid, the solution 
being boiled and again treated with a slight ex¬ 
cess of ammonia. The precipitate is washed, 
ignited and weighed. If this small precipitate 
weighs only 5 or 6 milligrams or less (as is usually 
the case in the hands of a practised worker), it 
may be assumed that the precipitate contains 
P 2 O 5 equivalent to half its own w'cight of 
MgsPgO^, this assumption being based on the 
analysis of a large number of such precipitates. 
But if, owing to unskilful work or to any 
pectiliarity in the mineral under investigation, 
the quantity is greater, the little precipitate may 
bo redissolved in hydrochloric acid, with the 
addition of about 0-1 g. of citric acid, and its 
solution added to the original filtrate from the 
calcium oxalate precipitate. 

This filtrate is made strongly ainmoniacal 
and the phosphoric acid precipitated by the 
gradual addition of magnesium mixture, a large 
excess being finally added. The gradual addi¬ 
tion and vigorous stirring are both necessary 
to ensure that the precipitate comes down in a 
compact crystalline form. The whole bulk at 
this stage will be about 350 ml. After 2-3 
hours, during which the liquid is frequently 
stirred—or after standing, if more convenient, 
overnight—the greater part of the liquid is 
decanted off through a close filter, leaving about 
40 ml. of it in the beaker with the precipitate. 
The filter is washed with dilute hydrochloric 
acid, the washings being used to redissolve 
the precipitate in the beaker. After complete 
re-solution, the contents of the l^eaker are 
rendered ammoniaeal by slowly dropping in 
dilute ammonia w ith vigoroiis stirring until the 
precipitate assumes as before a dense crystalline 
form. Excess of ammonia solution (sp.gr. 0-880), 
equal to about one-fifth or one-sixth of the bulk 
of the liquid, is added and the whole allowed to 
stand with occasional vigorous stirring for at 
least 1 hour. The precipitate is then filtered, 
washed well with ammonia (sp.gr. 0-970), dried, 
ignited and weighed as Mg 2 P 2 ^ 7 ' 

The re-solution and second precipitation of 
the ammonium magnesium phosphate is an 
essential feature of the process, since in the first 
precipitation small quantities of magnesium 
oxalate are usually formed. The non-observance 
of this precaution has been a frequent source of 
“ high ” results. 

The presence of ammonium citrate and am¬ 
monium oxalate results in the retention in solu¬ 
tion of a minute quantity of P 2 O 5 . In earlier 
days it was usual to precipitate the ammonium 
magnesium phosphate, in a flocculent form, by 
the sudden addition of ammonia and magnesium 
mixture, and under these circumstances (aee, for 
example, the original directions of Fresenius) a 
very substantial correction was necessary for 
solubility of the precipitate. Crystalline precipi¬ 
tation, however, reduces this to a minimum, and 
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the accurate determination by molybdic acid of 
the phosphoric acid in the evaporated and 
ignited filtrates obtained in a large number of 
analyses of numerous grades and varieties of 
phosphate indicates that, if the process be carried 
out as here described, the quantity of P 2 O 5 
which escapes precipitation corresponds to an 
average of approximately 0*0026 g. of Mgj P207» 
which quantity must be added to the weight of 
MgjPaO^ obtained, together with half the weight 
of the small ammonia precipitate (obtained from 
the calcium oxalate precipitate), unless this was 
redissolved into the main filtrate {see above). 

If the precautions herein set forth are ob¬ 
served, the results will be identical with those 
obtainable by the accurate working of the 
molybdate method (Jorgensen). 

Direct Magnesium Precipitation with¬ 
out Removal of Calcium.—This method con¬ 
sists in adding to the acid solution of the phosphate 
a large excess of citric acid, sufficient to prevent 
calcium precipitation, and of ammonia, and in 
the direct precipitation of the phosphoric acid 
by magnesium mixture, without re-solution. 
This method (with certain precautions) answers 
well for basic slag {see later), and in some hands 
appears to give good results with mineral phos¬ 
phates. It docs not, however, answer equally 
well for all phosphates, and the result, even 
when accurate, owes its success to a balance of 
positive and negative errors, since the precipi¬ 
tate finally weighed does not consist of pure 
^^ 2 ^ 2^7> as is assumed to be the case. For 
rough work, as in phosphate prospecting, when 
an error of 0 * 6 % or so is of small moment, it is 
excellent, being expeditioiis and involving a 
minimum of trouble. It is essential that silica 
should be eliminated by preliminary evaporation 
of the acid solution to dryness as in the preceding 
section. 

Determination of Ferric Oxide and 
Alumina in Mineral Phosphates. 

The solvent used shoidd bo hydrochloric acid 
rather than aqua regia. The latter is sometimes 
recommended. For many phosphates it is 
perhaps immaterial which solvent is used. But 
some phosphates (such as American river pebble 
phosphates) contain much pyrites. If aqua 
regia is used, this is dissolved and included as 
ferric oxide—which is misleading, seeing that 
pyrites is not attacked by the sulphuric acid 
used in superphosphate making, and is conse¬ 
quently non-injurious. It should, therefore, be 
eliminated with the silica, as is the case if hydro¬ 
chloric acid be used as the solvent. 

There are two methods in use which accu¬ 
rately determine ferric oxide and alumina. 

Acetate Method .—2 g. of phosphate are 
treated with strong hydrochloric acid. The 
solution is evaporated to dryness and the residue 
redissolved in acid and water and filtered from 
the silicious residue. The filtrate is oxidised by 
addition of bromine water until orange-coloured, 
nearly neutralised with ammonia, cooled and 
precipitated still cold with a liberal excess of 
ammonium acetate solution containing an excess 
of acetic acid. After standing some hours, the 
precipitate is filtered off and washed with hot 
water. 1 


The bulky precipitate contains all the ferric 
oxide and alumina (as phosphates), together with 
a varying quantity of calcium phosphate. It is 
dried, ignited and weighed. It is then dissolved 
in a very small quantity of hydrochloric acid and 
about 1 g. of citric acid and 0*5 g. of ammonium 
oxalate added, slight excess of ammonia, and 
then excess of acetic acid. After simmering 
gently for J hour the calcium oxalate is filtered 
off, ignited and weighed as carbonate. The 
phosphoric acid is then determined, exactly as 
in the citric-oxalic-raagnesium method of phos¬ 
phate analysis already described—except that 
the operation is conducted all through in solu¬ 
tions of very small bulk. The sum of the lime 
and phosphoric acid deducted from the weight of 
the ammonium acetate precipitate will give the 
ferric oxide and alumina. The iron is deter¬ 
mined by precipitating with ammonium sulphide 
the total filtrates and washings from the precipi¬ 
tation and reprecipitation of the ammonium 
magnesium phosphate. If allowed to stand for 
an hour or two at a temperature of about 80‘’C., 
the precipitate settles well, and may be rapidly 
filtered, washed with hot water to which a little 
ammonia and ammonium sulphide are added, 
ignited strongly and weighed as FCgOg. The 
alumina is obtained by difference. The method 
is tedious, but accurate. 

Modified Glaser Method.—The following 
method, modified from that of Glaser (which 
originally, but incorrectly, assumed a con¬ 
stancy of composition of the precipitate of mixed 
phosphates) is somewhat shorter, and gives 
results identical with those obtained by the 
method just described. 

4 g. of the phosphate are treated with about 
25 ml. of strong hydrochloric acid and eva¬ 
porated to dryness. The residue is taken up 
with 10 ml. of strong sulphuric acid, about an 
equal bulk of vater being cautiously added. 
After digestion in a water-bath for about J hour, 
the cake of calcium sulphate is well broken up 
by stirring with a glass rod, and the whole con¬ 
tents of the beaker are washed into a 200 ml. 
flask with ordinary strong alcohol (methylated 
spirit), and allowed to remain for an hour with 
frequent shaking. The contents are then made 
up (with spirit) to 200 ml., again well shaken and 
filtered rapidly. Of the clear filtrate, 100 ml. 
(=2 g. of the sample) are evaporated in a glass 
or porcelain basin until the residue fumes and 
begins to “ char,” when it is washed with a 
little hot water into a beaker and mixed with 
sufficient bromine water to make it strongly 
orange-coloured. After standing for J hour, 
the liquid is heated nearly to boiling and precipi¬ 
tated with slight excess of ammonia, kept in a 
water-bath for J hour, and made slightly acid 
with acetic acid. The precipitate (which, under 
these conditions, contains only phosphoric acid, 
ferric oxide and alumina) is filtered off, washed 
with a slightly ammoniacal 20 % solution of am¬ 
monium nitrate, dried, ignited and weighed. 
It is then dissolved in a little hydrochloric acid, 

1 g. of citric acid is added to the solution, which is 
then made ammoniacal, and the phosphoric acid 
determined by precipitation with magnesium 
mixture. The total bulk of fluid should be 
kept within about 100 ml. In this case, the 
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precipitate of ammonium magnesium phosphate 
does not need re-solution and re-precipitation, 
no oxalate being present. The iron is precipi¬ 
tated from the filtrate with ammonium sulphide, 
as in the preceding process, and the alumina is 
arrived at by difference. 

Lasne Process for Direct Determina¬ 
tion of Alumina. —Objection has been some¬ 
times raised to the fact that, while in the pro¬ 
cesses already described, ferric oxide is deter¬ 
mined directly, alumina, on the other hand, is 
taken by difference. The following process, as 
described by H. Lasne, affords a correct method 
for the direct determination of alumina. It has 
been frequently tested by the writer of this 
article, in whoso experience it gives results sub¬ 
stantially identical with those obtained by the 
two differential methods already quoted. In 
either case, whether a direct or an indirect 
method be used, success depends upon delicacy 
of manipulation and strict attention to the 
details prescribed. 

5 g. of phosphate are treated with hydro¬ 
chloric acid, the solution being evaporated 
to dryness, taken up with 60 ml. of 10% hydro¬ 
chloric acid, and digested at about lOO^C. 
for 1 hour. The solution is diluted to 500 ml. 
and filtered, 125 ml. being taken for the deter¬ 
mination of alumina. 5 g. of caustic soda 
(free from silica and alumina) and 1 g. of sodium 
phosphate are dissolved in 20 ml. of distilled 
water in a nickel basin. Into this solution the 
125 ml. of phosphate solution are poured, with 
constant stirring, and kept for about an hour at 
a temperature of about 100°C., with occasional 
stirring, preferably with a nickel spatula. The 
liquid is cooled, and made up to 250 ml. in a 
glass flask. The contents are filtered, and 200 
ml. of the filtrate ( = 1 g. of the phosphate 
sample) mixed with 30 ml. of a solution of am¬ 
monium chloride (125 g. per litre), sufficient 
hydrochloric acid being added to dissolve such 
precipitate as is formed. Ammonia is then 
added in very slight excess. After boiling for 
5 minutes, the precipitate is filtered off, washed 
slightly once with water and redissolved through 
the filter into the original beaker with a little 
10 % hydrochloric acid, the filter being washed 
with water 5 or 6 times. The solution is 
treated with 3i ml. of a solution of pure am¬ 
monium phosphate (10 g. per 100 ml.), and 
ammonia added till a permanent precipitate is 
formed, and then sufficient dilute hydrochloric 
acid to dissolve again the precipitate. The fluid 
is diluted to 250 ml., when 10 ml. of a solution 
of ammonium thiosulphate (15 g. per 100 ml.) 
are poured in. After J hour’s boiling, 5 drops of a 
saturated solution of sodium acetate are added, 
and, after 6 minutes’ further boiling, the precipi¬ 
tate is filtered off and washed 7 or 8 times with 
water. The precipitate, which is granular and 
not gelatinous, is ignited to constancy, and 
assumed to have the composition of pure alumi¬ 
nium phosphate. Its weight multiplied by 0-418 
gives the alumina in 1 g. of the sample. 

Analysis of Superphosphate, Dissolved 
Bones, etc. 

“ Moisture ” is conventionally determined by 
simply drying to constancy at 100°C. The result 


should, in such cases, be stated as “ moisture 
(Le. loss at lOO^C.) ” because the figure obtained 
is not moisture in the true sense, since it includes 
a varying quantity of water of hydration. True 
moisture can only be determined by drying to 
constancy in vacuo over sulphuric acid. The 
result in that case should be stated as “ true 
moisture (i.e. loss in vacuo)'' 

Determination of Soluble Phosphate.— 
Formerly in England (and still in America), 
solubility was determined by fractional exhaus¬ 
tion with successive small quantities of cold 
water (with or without a final exhaustion with 
hot water). On the Continent of Europe it has 
long been usual to dissolve in a large bulk of 
water at one operation. The former method 
usually extracted somewhat more phosphoric 
acid than the latter, since some interaction 
occurs on dilution between the dissolved phos¬ 
phoric acid and the “ insoluble ” phosphate. As 
this depends upon the chemical composition of 
the original phosphate, and also on the degree of 
dilution, the differences in the results obtained 
by the two methods of extraction are variable— 
being sometimes negligible, but occasionally 
serious. 

The following method of extraction of 
soluble phosphate, adopted at a meeting of the 
International Congress of Applied Chemistry, is 
now usually adopted in England, and is the 
method officially laid down by the Ministry of 
Agriculture (1932) for use under the Fertilisers 
aiid Feeding Stuffs Act, 1926 : 

In the case of superphosphates, dissolved bones 
and similar substanc't^s, “ 20 g. of the sample 
shall be continuously agitated for 30 minutes in 
a litre flask with 800 ml. of water at room tem¬ 
perature. The flask shall then he filled to the 
mark, and again shaken, and the contents shall 
be filtered.” 

The phosphoric acid is then determined in an 
aliquot part (50 ml.) of the solution which is 
first boiled with 20 ml. of concentrated nitric 
acid to ensure that all the dissolved phosphoric 
acid is in the ortho form. 

The determination of phosphoric acid is 
directed to be made either by the molybdate 
process, prescribed in a form that is essentially 
that of Jorgensen, already described ; or, alter¬ 
natively, by direct precipitation without the 
intervention of molybdic acid. 

In the latter case, the 60 ml. of water solution 
after boiling, as aforesaid with nitric acid, are 
neutralised with ammonia and mixed with 60 ml. 
of ammonium citrate solution (110 g. of citric 
acid and 400 ml. of ammonia of sp.gr. 0-9135 
made up to 1 litre) and raised to boiling point. 
Magnesia mixture is then added drop by drop 
with constant stirring and after cooling the 
precipitate is allowed to stand with occasional 
stirring for at least 4 hours, then filtered, 
washed with 2% ammonia, dried, ignited and 
weighed as Mg 2 p 207 . 

Determination of Total Phosphate in 
Fertilisers. 

This may, in most cases, be carried out by 
the methods already described for the analysis 
of raw mineral phosphates, materials containing 
much organic matter being first incinerated. 
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The official method prescribed (1932) in Eng¬ 
land imder the Fertilisers and Feeding Stuffs 
Act, however, which should be adhered to in 
disputed cases, is the molybdate method. 

The official prescription of the Ministry of 
Agriculture (1932) for determination of total 
phosphate in fertilisers is as follows :— 

“ (A) A weight portion of the sample shall be 
heated with concentrated sulphuric acid until 
all organic matter is destroyed and the phos¬ 
phoric acid is completely in solution. After 
dilution the solution shall be filtered, the in¬ 
soluble matter throughly washed and the 
filtrate made up to a definite bulk. The phos¬ 
phoric acid shall be determined by the method 
described in paragraph (iv) (c) in an aliquot 
part of the solution which shall first be nearly 
neutralised and then acidified with nitric acid. 
The insoluble matter is to be washed from the 
filter, re-extracted with acid and any phosphoric 
acid present in the solution is added to the main 
quantity. 

“(B) Alternative Method .—A weighed portion 
of the sample shall be incinerated or otherwise 
treated to destroy organic matt(;r, if present. 
When direct incineration is employed, the 
weighed portion of the sample shall be treated, 
before being heated, with a nitrate or other 
oxidising material to prevent loss of phosphoric 
acid during heating or subsequent treatment. 
7’he residue (or the weighed portion taken, if no 
organic matter is present) shall be dissolved in 
hydrochloric acid, with the addition, if necessary, 
of nitric acid, and the solution shall be evaporated 
to dryness or, if much calcium is present, to a 
syrupy consistency to fix silica. The residue 
shall be boiled with nitric acid and, when much 
iron is present, with hydrochloric acid also. 
After dilution the solution shall be filtered, the 
insoluble matter thoroughly washed and the 
filtrate made up to a definite bulk. The phos¬ 
phoric acid shall be determined in an aliquot part 
of the solution by the method prescribed in 
paragraph (iv) («). The insoluble matter is to 
be washed from the filter, re-extracted with acid 
and any phosphoric acid present in the solution 
added to the main quantity. 

“ Molybdate Method. —(iv) (e) To the solution, 
which should contain not more than 0-4 g. of 
phosphoric acid (PgOj), and preferably from 
0-1 to 0*3 g., (obtained by any of the methods 
described in preceding paragraphs) 100-150 ml, 
of molybdic acid solution prepared as described 
below, or an excess of such solution, Lc., more 
than is sufficient to precipitate all the phos¬ 
phoric acid present in the solution, shall be 
added and the vessel containing the solution 
shall be placed in a water bath maintained at 
70'^C. for 15 minutes or until the solution has 
reached 70°C. It shall then be taken out of the 
bath and allowed to cool and the solution shall 
be filtered, the phospho-molybdate precipitate 
being washed several times by decantation and 
finally on the paper with 1 % nitric acid solution. 
The filtrate and washings shall be mixed with 
more molybdic acid solution and allowed to 
stand for some hours in a warm place in order 
to ascertain that the whole of the phosphoric 
acid has been precipitated. The phospho- 
ipolybdate precipitate shall be dissolved in cold 


12 % ammonia solution, prepared as described 
I below, and about 100 ml. of the ammonia solu¬ 
tion shall be used for the solution and washings. 
The solution shall be raised to the boiling-point, 
the beaker removed from the burner and 15-20 
ml. of magnesia mixture, prepared as described 
below, or an excess of such mixture, i.e. more 
than sufficient to precipitate all the phosphoric 
acid present, shall then be added drop by drop, 
with constant stirring. The stirring shall be 
continued at intervals so long as the liquid 
remains very warm. After standing at least 
4 hours with occasional stirring, the precipitate 
shall be filtered off, washed with 2% ammonia 
solution until free from chloride, dried and 
finally weighed as magnesium pyrophosphate. 
The filtrate and w^ashings should not exceed 
200 ml., and arc to be tested by the addition of 
more magnesia mixture.” 

Molybdic Solution. —“ The molybdic acid solu¬ 
tion shall be prepared as follows :— 

“ 125 g. of molybdic acid and 100 ml. of 
water shall be placed in a litre flask and the 
molybdic acid shall be dissolved by the 
addition, while the flask is shaken, of 300 ml. 
of 8% ammonia solution, prepared as described 
below. 400 g. of ammonium nitrate shall be 
added, the solution shall bo made up to the 
mark with water and the wdiole added to 1 litre 
of nitric acid (sp.gr. 1-19). The solution shall 
be maintained at about 35°C. for 24 hours and 
then filtered.” 

Magnesia Mixture. —“ The magnesia mixture 
shall be prepared as follows :— 

“ 110 g. of crystallised magnesium chloride 
and 140 g. of ammonium chloride shall be dis¬ 
solved in 1,300 ml. of water. This solution 
shall be mixed with 700 ml. of 8% ammonia 
! solution and the whole shall be allowed to 
stand for not less than 3 days and shall then 
be filtered.” 

Ammonia Solutions. —“ The 8% ammonia 
solution shall be prepared as follows :— 

“ One volume of ammonia solution of sp.gr. 
0-880 shall bo mixed with three volumes of 
water. This solution shall then be adjusted 
by the addition thereto of more strong am¬ 
monia solution or water as required until the 
specific gravity of the solution is 0-967. 

“ The 2% ammonia solution shall be prepared 
as follows:— 

“ One volume of 8 per cent, ammonia 
solution shall be mixed with three volumes of 
water.” 

Reverted Phosphate. —The “reverted” 
phosphate in superphosphate may be estimated 
as follows : 2 g. of the sample are stirred up in a 
beaker with successive quantities of 50 ml. of 
water, each portion, after settling, being de¬ 
canted off through a filter. The water-soluble 
phosphate having been thus approximately 
removed, the matter on the filter is washed back 
into the beaker with a little water, and the un¬ 
dissolved matter is digested overnight at room 
temperature with 100 ml. of a strong solution of 
ammonium citrate containing excess of am¬ 
monia, then warmed to 40®C. for an hour, with 
frequent shaking, and the insoluble matter 
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filtered off and ignited and the phosphoric acid 
in it determined. The difference between this 
and the water-insoluble phosphoric acid is taken 
as “ reverted ” phosphoric acid. 

Citrate-Soluble Phosphoric Acid. —Apart 
from the mere question of “ reverted ” phos¬ 
phate, many fertilisers are dealt in, on the 
Continent and in America, on the basis of 
‘‘ citrate-soluble ” phosphoric acid. On the 
Continent the citrate solution in common use 
for ascertaining “ citrate solubility ” is the 
alkaline ammonium citrate known as “ Peter- 
mann ” solution. This is made by dissolving 
173 g. of citric acid in water and adding 537 ml. 
of ammonia solution of sp.gr. 0-960 and diluting 
to 1 litre. 

The method is frequently applied to precipi¬ 
tated bone phosphates, when 1 g. of the sample 
is triturated in a mortar several times with 
successive quantities of Petcrmann solution, 
the decantations being collected in a 600 ml. 
flask into which the undissolved matter is 
finally washed with further quantities of the 
citrate solution until 200 ml. of solution in all 
have been used. The flask and its contents arc 
then allowed to stand overnight, heated in a 
water-bath at 40“ for 1 hour, cooled, made up 
to 500 ml. with water, well shaken and filtered. 
An aliquot part of the solution is then boiled 
with nitric acid and the phosphoric acid deter¬ 
mined by the molybdate method. 

In America “ citrate-soluble ” phosphate is 
commonly regarded as “ available ” phosphate, 
as distinguished from total phosphate, in cer¬ 
tain types of fertiliser. 

The solution used in America, however, is a 
neutral solution of ammonium citrate—in con¬ 
trast to the Petermann solution which, as 
already indicated, is alkaline. 

The American neutral solution has a sp.gr. of 
1-09 at 20°C. and a pa of 7*0. It is made by 
dissolving 370 g. of crystallised citric acid in 
1,600 ml. of water and nearly neutralising by 
the addition of 345 ml. of ammonia solution 
containing 28-29% of ammonia. A small 
measured portion (10 ml.) of the resultant 
solution is then adjusted to a p^L "^'O iising 
phenol-red as an indicator and noting the 
quantity of a weak ammonia solution necessary 
to effect this adjustment. A corresponding 
quantity of ammonia is thus added to the 
bulk of the solution which is then made up to 
2 litres. 

The American estimation of “ available ” 
phosphate in the case of acidulated fertilisers 
is to place 1 g. on a filter paper and wash with 
successive quantities of water until the filtrate 
measures 260 ml. The water-soluble phos¬ 
phoric acid is determined in this by the molyb¬ 
date method. The water-insoluble matter 
(including the paper filter) is plunged into a 
250 ml. flask containing 100 ml. of the neutral 
citrate solution previously raised to a tempera¬ 
ture of 66 ®C. The flask is closed with a rubber 
stopper and shaken until the paper is dis¬ 
integrated. The flask and contents are kept for 
an hour at 65°C. with frequent shaking, filtered 
as rapidly as possible and the undissolved matter 
washed with water at 66 “C. until the filtrate 
and washings measure 360 ml. The insoluble 
VoL. V.—6 


matter is dried and ignited and the phos¬ 
phoric acid therein determined by molybdate 
method. 

The difference between this and the total 
phosphoric acid in the fertiliser is taken as 
“ available -being obviously resolvable by 
calculation into its water-soluVfle and water- 
insoluble components. 

For non-acid feililisers (except basic slag 
which is otherwise dealt wdth) the preliminary 
washing out with water is omitted, the opera¬ 
tion being in other respects similarly con¬ 
ducted. 

Analysis of Basic Slag. 

In the analysis of basic slag, it is usual to 
determine (a) the percentage of “ fine meal,” 
(5) the percentage of total phosphoric acid, and 
(c) the percentage of phosphoric acid soluble in 
a 2 % solution of citric acid. 

Fiifte Meal. —Basic slag has always been sold 
here and abroad on a guarantee of fineness of 
grinding as gauged by the percentage passing 
through a standard sieve. The standard sieve 
almost universally in use sirure basic slag was 
first put on the market is a sieve made of the 
standard gauze known as ” Amandiis Kahl 
100 E. Hamburg.” in the regulations of the 
Ministry first issued under the Act of 1926, it 
was prescribed that the sieve to be used for 
ascertaining the fineness of grinding of basic 
slag (and also for ground limestone and ground 
raw phosphate or phosphate rock) should be 
made of wire of standard diameter of 0*141 mm., 
which should also be the length or width of each 
aperture, no wire being anywhere less than 
0*137 mm. in diameter and no aperture greater 
than 0*155 mm. This was the OO-mesh sieve of 
the Institute of Mining and Metallurgy (I.M.M.), 
the dimensions being practically identical with 
those of the Amandus Kahl gauze 100 E. Later, 
however, this regulation has been amended by 
the prescription of the sieve known as the 
“ British Standard Sieve, mesh No. 100.” This 
sieve—which it should be pointed out differs 
from the 100 I.M.M. sieve—has been adopted as 
having meshes of substantially the same aperture 
as the previously prescribed sieve 90 I.M.M. or 
the Amandus Kahl sieve 100 E. 

In well-ground slag from 80-90% should pass 
through the sieve. This is called the percentage 
of “ Fine meal.” 

The total phosphoric acid may be determined 
as in mineral phosphates or as in other fertilisers. 

An excellent method for slag, however, giving 
(by an admitted balance of errors) results 
identical with those of the molybdic method, is 
as follows: Treat 2 g. of the slag with strong 
hydrochloric acid and evaporate to dryness. 
Take up with 16 ml. of hydrochloric acid and 
26 ml. of water, adding 20 g. of powdered citric 
acid. The silica is filtered off and washed, and 
the filtrate and wasliings (measuring about 170 
ml.) are cooled, a large excess of magnesium 
mixture is added and about 60 ml. of strong 
ammonia. The liquid is stirred continuously 
for 15 or 20 minutes by aid of a mechanical ' 
stirrer, and allowed to stand with occasional 
stirring for 2 hours. The precipitate is filtered 
off, dried, ignited and weighed as MggPjO^. 
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N.B.—This method is largely in use on the 
Continent, without observance, however, of the 
initial precaution of evaporating the acid solu¬ 
tion to dryness to remove soluble silica. If the 
slag be merely digested with acid and the liquid 
filtered and precipitated without having been 
evaporated to dryness, the results may be 
seriously in excess of the truth. This has boon 
pointed out by several investigators, but even 
now does not seem to be well recognised. 

The phosphate soluble in 2 % solution of 
citric acid is determined according to the 
method prescribed in the official directions of 
the Ministry of Agriculture, which is the method 
originally suggested by P. Wagner and generally 
known by his name. 

“ Citric Soluble Phosphoric Acid {that is^ Phos- 
phone Acid Soluble in the Prescribed 2% Citric 
Acid Solution). —5 g. of the sample shall be trans¬ 
ferred to a stoppered bottle of about 1 litre 
capacity. 10 g. of pure crystallised citric acid 
shall be dissolved in water, the volume shall be 
made up to 600 ml., and the solution shall be 
added to the weighed portion of the sample in the 
bottle. To lessen the possibility of caking, the 
portion of the sample in the bottle may be 
moistened with 6 ml. of alcohol or methylated 
spirit iKjforo the citric acid solution is added; 
and in that case the volume of the citric acid 
solution shall bo 496 ml. instead of 600 ml. 
The bottle shall be at once fitted into a mechani¬ 
cal shaking apparatus, and shall be continuously 
agitated during 30 minutes. The solution shall 
then be filtered through a large ‘ folded ’ filter, 
the whole of the liquid being poured on the paper 
at once. If not clear, the filtrate shall be again 
poured through the same paper. 

“ 60 ml. of the filtrate shall be taken and 
the phosphoric acid shall be determined by the 
molybdate method prescribed.” 

It may be added that 100 ml. of the solution 
( = 1 g. of sample) can be used equally well for 
the molybdate determination. 

The temperature at which the agitation with 
citric acid solution should be carried out is not 
mentioned in the current regulation of the 
Ministry of Agriculture, but is prescribed in 
Germany and also in America os 17*5°0. In the 
experience of the present writer it is desirable 
that the temperature of the solution and of the 
surrounding air should not be less than this. 

The phosphate in the citric acid solution of 
the slag is frequently estimated by direct pre¬ 
cipitation with magnesium mixture after adding 
a large excess of ammonium citrate. The results, 
however, are inaccurate (being too high) unless 
the citric acid solution of the slag is first evapo¬ 
rated to (byness with hydrochloric acid to 
eliminate soluble silica. If this precaution be 
taken, the results compare well with those of the 
molybdate method—which, on the whole, is 
quicker, and therefore preferable. 

Analysis of Potash Salts. 

Some commercial potash salts are of complex 
constitution, others are approximately simple 
salts. The methods of determining such con¬ 
stituents as calcium, magnesium, chlorine, etc., 
do not differ from those ordinarily employed in 
inorganic analysis, but the essential determina- 
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tion, namely, that of potash, may be described. 
Broadly speaking, two methods are in use, 
namely, the platinum chloride method and 
the perchloric acid method. The perchloric 
acid method was formerly but little used in 
this country, but owing to the great increase 
in the cost of platinum chloride has now come 
into wide use, and, while ranking with the 
platinum-chloride method as “ official ” in 
England, it has in practice largely superseded it. 

The following are the details of the methods 
for determining potash in potash salts and in 
fertilisers officially prescribed in England. 

Salts of Potash Free from. Sulphates, 

A weighed j)ortion of the sample equivalent in 
potash content to 1 •5-2-0 g. of potash (KjO) 
is dissolved in water, filtered if necessary and 
made up to 600 ml. 

Perchlorate Method.—60 ml. of the 
solution are placed in a small glass or porcelain 
basin and mixed with about 7 ml. of a 20% 
solution of perchloric acid (sp.gr. 1-125) free 
from chloric acid and evaporated on a hot plate 
or sand-bath until white fumes are copiously 
evolved. The precipitate is redissolved in hot 
w'ater, a few drops of perchloric acid solution 
added and the whole again concentrated to the 
fuming stage. After cooling the residue is 
thorouglily stirred with 20 ml. of alcohol of 
sp.gr. 0 806-0-812 (95-96% of alcohol by 
volume). The precipitate is allowed to settle 
and the clear liquid poured through a weighed 
or counterpoised filter paper (or through a 
Gooch crucible), the precipitate being drained as 
completely as possible. The precipitate is 
washed by decantation with alcohol previously 
saturated with potassium perchlorate at the 
temperature at which it is used, the washings 
being poured through the paper (or Gooch 
crucible) on which the precipitate is finally 
collected, dried at 100°C. and weighed. The 
precipitate consists of KCIO 4 and is calculated 
to its equivalent KgO. 

Platinum-Chloride Method.—50 ml. of the 
solution are acidified with hydrochloric acid and 
10 ml. (or an excess) added of solution of 
platinum chloride containing 10 g. of platinum 
per 100 ml. After evaporation to a syrupy 
consistency in a water-bath, the contents of the 
basin are allowed to cool and washed by 
decantation with alcohol of sp.gr. 0-864 until 
the washings are colourless. The washings are 
passed through a weighed or counterpoised 
filter paper on which the precipitate is finally 
collected, washed with alcohol, dried at 100®C. 
and weighed as KgPtClg and calculated to the 
equivalent KjO. 

SaUs of Potash Containing Sulphates, 

A weighed portion of the sample equivalent 
to 1-5-2 0 g. of potash (KgO) is boiled with 
300 ml. of water to which has been added 20 ml. 
of hydrochloric acid. Barium chloride is 
continuously added, drop by drop, to the boiling 
solution until the sulphuric acid is completely 
precipitated. The liquid is cooled, made up to 
500 ml. and filtered. 60 ml. of the filtrate are then 
evaporated to dryness, moistened with hydro¬ 
chloric acid, again evaporated to dryness, taken 
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up with dilute hydrochloric acid, filtered if 
necessary, and the potash determined by the 
perchlorate method or by the platinum-chloride 
method as already described. 

Cobaltinitrite Method. —Alternatively, a 
weighed portion of the sample containing 1-5- 
2*0 g. of potash (KjjO) is boiled with 300 ml. of 
water made up to 500 ml. and filtered, and to 
50 ml. of the solution are addeid 30 ml. of a solu¬ 
tion of cobaltinitrite (made by dissolving 50 g. 
of cobalt nitrate and 300 g. of sodium nitrite in 
water, acidifying with 25 ml. of glacial acetic 
acid and diluting to 1 litres—the solution being 
filtered after standing 24 hours and kept in the 
dark). The mixture is stirred, allowed to stand 
for not less than 2 hours, filtered and the pre(?i- 
pitate, consisting of potassium cobaltinitrite, 
washed with water containing a little cobalti¬ 
nitrite solution. The precipitate is dissolved in 
hot dilute hydrochloric acid, eva.j>orated to dry¬ 
ness in a small porcelain dish, rcdissolving in 
water, and the potash determined in the solution 
with perchloric acid as already described. 

Potash in Guanos and in Mixed Fertilisers. 

The directions in the Regulations of the 
Ministry of Agriculture (1932) directed that 
10 g. of the sample shall be gently incinerated 
to char organic matter if present, and then 
heated for 10 minutes with 10 ml. of coru'cntrated 
hydrochloric acid and boiled with 300 ml. of 
water and filtered. The li(piid is raised to boiling 
point and powdered barium hydroxide is added 
until the liquid is slightly alkaline. It is then 
cooled, made up to 600 ml. and filtered. Of the 
filtrate 250 ml. are treated with ammonia and 
excess of ammonium carbonate and (while 
boiling) with a little poM^dcred ammonium oxa¬ 
late, cooled, made up to 600 ml. and filtered. 
(This method of precipitation Avith barium 
hydroxide has been found to involve some loss 
of potash —see later). 

Of the filtrate 100 ml. are evaporated to dry¬ 
ness, and the residue heated gently over a low 
flame until all ammonium salts are expelled, 
the temperature being kept below that of low 
redness. The residue is moistened with con¬ 
centrated hydrochloric acid, evaporated to 
dr^ess, taken up Avith dilute hydrochloric 
acid and filtered. The potash is then deter¬ 
mined by the perchlorate method as already 
discribed. 

As an alternative (official) method the liquid 
obtained by boiling the gently incinerated ash 
from 10 g. of the sample with 10 ml. cone, 
hydrochloric acid and finally with 300 ml. water 
is filtered into a J litre flask and the residue 
washed. The liquid is made up to 600 ml. and 
60 iffi. are taken, boiled with a solution of sodium 
nitrite to expel any ammonium salts, and 
evaporated to dryness. The residue is redis¬ 
solved in water containing a little hydrochloric 
acid and sufficient sodium citrate added to pre¬ 
vent precipitation of phosphates. 30 ml. of 
cobaltinitrite solution are added and the same 
procedure is adopted as in the already described 
cobaltimtrite method for potash salts containing 
sulphates. 

This alternative method gives correct results. 


But the other method involving the use of barium 
hydroxide to remove phosphoric acid as Avell as 
sulphates, unfortunately involves a source of 
error that has been long overlooked although 
this method of procedure has for many years 
been regarded as an accepted matter of routine, 
and the method will probably be amended when 
revised regulations are issued. When the pot ash 
content is large there is an appreciable loss of 
potash by occ lusion or adsorption by the precipi¬ 
tated barium ])ho8phate. 

This loss may be obviated by using calcium 
oxide instead of barium hydroxide to remove the 
phosphoric ac'id. 

The following method is one somewhat im¬ 
proved by the writer from a method in official 
use in Holland, and is applicable to all mixed 
fertilisers containing potash salts 

10 g. of the sample are gently incinerated, 
])laced in a 500 ml. flask and warmed with 10 ml. 
liydrochloric acid, gradually diluted AAith Avater 
to about 300 ml. and boiled. 10 g. of pure lime 
(made by calcining pure CaCOg in a mufile) 
are made into a cream with water and poured 
into the flask which is gently boiled and heated 
in a Avater-bath for | hour with frequent shaking. 
The flask is cooled and made up to 600 ml. 
The contents are filtered and 250 ml. are placed 
in another 500 ml. flask and made aei(l Avith 
hydrochloric acid, boiled and barium chloride 
addtMl sufficient to precipitate all sulphuric* acid. 
The liquid (without filtration) is then made 
alkaline with ammonia and the calcium and 
excess of barium removed in the usual way with 
ammonium carbonate and a little oxalat e. After 
cooling and making up to the mark, the liquid is 
Altered and 100 ml. evaporatcHl to dryness. 
The ammonium salts are expelled in the usual 
w^ay by the use of a very Ioav gas tlarne. The 
potash is then determined by the perchlorate 
method a.s previously described in the oflieial 
method. 

Determination of Nitrogen in 
Fertilisers. 

This is effected by the wet combustion method 
which boars the name of its inventor, Kjcldahl, 
although it has been variously modified. 

In absence of nitrates (AAffiich must first be 
ascertained) the method commonly in use and 
prescribed by the Ministry of Agriculture for use 
under the Fertilisers and Feeding Stuffs Act is 
the modification known as the Kjeldahl-Arnold- 
Gunning method, being as follows :— 

A weighed portion of the sample is placed in a 
Kjeldahl digestion flask with 25 ml. (or more if 
necessary) of concentrated sulphuric acid and a 
globule of mercury or a small crystal of copper 
sulphate. The contents are gently heated until 
frothing ceases, when 10 g. of potassium or 
sodium sulphate (anhydrous) are added and the 
flask further heated until the colour of the clear 
liquid ceases to diminish. The digestion is then 
further continued for at least another hour. 
(With some materials such as hoof and horn yet 
another hour’s digestion is desirable.) The con¬ 
tents of the flask are washed into a distillation 
flask and the ammonia determined by distil¬ 
lation into standard acid after liberation by 
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sodium hydrate solution. When mercury has added to the flask and the flask heated until all 
been ust^d, a small quantity of sodium sulphide the water has boiled off. 10 g. of sodium sui¬ 
ts added—after the introduction of the sodium phate are added and the flask heated until the 
hydrate solution—to decompose any mercur- colour of the clear liquid ceases to diminish 
ammonium compounds formed during the and for 2 hours thereafter. The operation may 
digestion. be at:celcrated by the addition of a globule of 

When nitrates arc present in conjunction wdth mercury. The ammonia is then distilled off as 
organic and ammoniacal nitrogen the method in the Kjeldahl method. 

prescribed is the Kjcldalil-Arnold-Gunning- Special Modifications for Calcium Cyanamide. 
Jodlbaur method. —In the case of calcium cyanamide (free from 

A weighed portion of the sample is treated in a nitrate) the Kjeldahl-Arnold-Gunning method 
Kjeldahl digestion flask with 30 ml. of con- requires a slight modification. If the calcium 
centrated sulphuric acid containing 1 g. of cyanamide is treated with strong sulphuric acid, 
salicylic acid or 1 g. of jihcnol, the flask being as in the case of other fertilisers, it is well 
shaken so as to mix its contents without delay, established that there is a loss of nitrogen. 
(It is preferable to hold the flask immersed in ice Tn dealing, therefore, with this material, the 
water.) The shaking is continued at intervals suljihurie arid (25 ml.) must be first diluted 
during 10 minutes, the flask being kept cold and with an equal volume of water and the digestion 
then 10 g. of potassium or sodium sulphate (with a drop of mercury) continued as usual, 
(anhydrous) are added together with either 5 g. There is then no loss of nitrogen, 
of crystalline sodium thiosulphate or 2 g. of In the case of (‘alcium cyanamide in which 
zinc dust. The operation is then conducted nitrate has been incorporated {see p. 65) the 
as already described for samples containing no ordinary Jodlbaur method is not available, 
nitrate. owing to the necessity fr)r dilution of the sul- 

The rationale of the process is that the nitric phuric acid for getting the whole of the cyana- 
acid when liberatt^d by the sulphuric acid forms a mido nitrogen; while if the acid is diluted 
nitro-(!ompound with the phenol or salicylic acid there is, on the other hand, a loss of nitric 
Avhich is subsequently reduced and finaliy jdelds nitrogen, as this cannot bo “ fixed ” by the 
ammonia. phenol or salicylic acid exce})t in strong sul- 

The method works accurately except when the phuric acid, 
fertiliser contains a substantial quantity of It is found, how^ever, that the combined 
potassium or sodium chloride. In the case of a Devarda-Kjeldahl method (Dyer and Hamence), 
fertiliser containing superphosphate, organic already described, gives accurate results for the 
nitrogen, ammonium sulphate and potassium or total nitrogen in this mixture of calcium cyana- 
sodium nitrate and commercial sulphate of mide and nitrate. 

potash, the results are accurate. But if the Determination of Nitrogen in Sodium or 
fertiliser contains a substantial admixture of Potassium Nitrate.— This may be effected by 
potassium chloride or of a low grade potash the Devarda method or by the Ulsch method, 
salt containing much sodium chloride, the which methods are prescribed as alternatives 
niethod unfortunately entails some loss of in the regulations of the Ministry of Agriculture 
nitrogen by the evolution of NOCI, and the (1932) The former is preferred by the writer, 
figure obtained for nitrogen in such cases may It is best carried out as follows: 6 g. are dis- 
be substantially too low. solved in 500 ml. of water and 100 ml. (=s;l g. 

In such cases the writer has found that correct of sample) are placed in a distillation flask with 
results are obtainable by (‘ombining the Devarda not less than 6 g. of powdered Devarda metal 
method (which is described later in its appli- diluted with about 300 ml. of water. An excess 
cation to the analysis of-nitrates) with the of concentrated sodium hydroxide solution is 
Kjeldahl method in one operation, as follows then added and the flask ‘is immediately con- 
(see Dyer and Hamcnce, Analyst, 1938, 63, nected with a distillation apparatus, allowed to 
866-870)stand for at least ^ hour, slowly heated and 
About 2 g. of the sample and 3 g. of finely the resulting ammonia distilled off and collected 
powdered Devarda metal are placed in a 500 ml. in the usual way. 

Kjeldahl digestion flask, and the sides of the In the Ulsch method a measured quantity of a 
flask washed down with 50 ml. of water. The solution of the nitrate equivalent to 1 a is 
flask is closed with a rubber stopper provided placed in a i litre Erlenmayer flask with 10 a 
with (a) a tap funnel, ( 6 ) a delivery tube con- of reduced iron and 20 ml. of sulphuric acid of 
nected with a U-tube (with bulbs) containing sp. gr. 1-35. The flask is closed with a rubber 
10 ml. of 10% sulphuric acid. 5 ml. of sodium stopper provided with a thistle-headed funnel 
hydroxide solution of 1-40 sp.gr. are added containing glass beads, and allowed to stand 
through the tap funnel. The flask is allowed to until effervescence ceases, after which it is 
stand for i hour and then heated to just short boiled for 5 minutes; and after removing the 
of the boiling-point for a further hour. flask any liquid on the beads in the fun^l is 

At the end of this digestion the flask is cooled rinsed with water into the flask, the contents of 
and 20 ml. of sulphuric acid of 1*50 sp.gr. are which are again boiled for a few minutes and 
added through the tap funnel in such a manner the beads again washed with water. The con- 
that the sides of the Kjeldahl flask are washed tents of the flask are then mixed with excess of 
down by the acid. The rubber stopper is soda and the ammonia distilled off in the usual 
removed and the contents of the U-tube are way. 

washed out into the Kjeldahl flask. A disadvantage of the Ulsch method is the 

25 ml. of concentrated sulphuric acid are very usual presence of an appreciable quantity 
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of nitrogen in reduced iron which is apt to be 
irregularly distributed so that even the usual 
precaution of a “ blank experiment ” may some¬ 
times fail to secure an accurate result. It 
is mainly owing to the difficulty often experi¬ 
enced of getting reduced iron containing a 
minimum of nitrogen that the writer has been 
led to prefer the Devarda process. 

General Observations on Nitrogen Determina¬ 
tion .—The quantity of material operated upon 
for the determination of nitrogen will vary 
according to its nature. In the case of materials 
rich in nitrogen, from 1 g. to 1*6 g. may be used. 
On the other hand, in the case of materials com¬ 
posed chiefly in organic matter, and containing 
only small quantities of nitrogen—^like low 
quality dissolved bone compounds—as much as 
5 or 6 g. may be conveniently operated upon. 
It is usually convenient to make two simul¬ 
taneous experiments on different quantities of 
the material, such as 1 g. and 1-5 g., or 1-5 g. 
and 2 g. The larger the quantity of material 
that can be satisfactorily dealt with, the less, 
obviously, is the multiplication of experimental 
error. Duplicate results, in careful hands, 
should dififer by no more than a few units in the 
second place of decimals, when expressed as 
percentage of nitrogen in the material under 
examination. 

It is important that all the materials used in 
any of the methods described must be examined 
as to their freedom from nitrogen, by means of a 
control experiment carried out under similar 
conditions with the same quantities of the re¬ 
agents which are employed in the actual analysis, 
I g. of pure sugar being substituted for the 
weighed portion of the sample. The quantity of 
standard acid neutralised in the control experi¬ 
ment—which should be small if the materials 
are good—must be deducted from the total 
quantity of acid found to have been neutralised 
in the distillation of the sample. The observance 
of this precaution is of vital importance, seeing 
that small quantities of nitrogen compounds are 
sometimes found even in sulphuric acid sold as 
pure for analysis; while traces of nitrates or 
nitrites may be present in sodium hydroxide. 

In the case of ammonium sulphate or other 
material containing nitrogen in the form of 
ammonium salts only (other than ammonium 
nitrate), the nitrogen may be determined by 
simple distillation with alkali. 

Lime.—In lime for agricultural use the regu¬ 
lations of the Ministry (1932) at present in force 
direct that the free lime (calcium oxide) shall be 
estimated as follows :— 

The sample is rapidly ground and passed 
through a sieve having apertures of 0*2 mm. 
square. 5 g. of the powdered sample thus pre¬ 
pared are placed in a litre bottle moistened with 
10 ml. of neutral alcohol (to lessen possibility of 
caking); 490 ml. of a 10% solution of cane sugar 
(neutral to phenol phthalein) are added, and the 
bottle agitated in a shaking apparatus for not 
less than 4 hours. The solution is then filtered 
and an aliquot part titrated with semi-normal 
hydrochloric acid, using phenol phthalein as 
indicator. 

This method does not take into account any 
lime present as carbonate (w^hich should also be 


determined and stated separately) and also 
ignores that portion of the lime w'hich, in lime 
burnt from silicious limestone, remains after 
burning in loose combination with silica and 
easily neutralises dilute acids. Such lime may be 
less rapidly available than free lime, but is not 
without agricultural value. 

General Observations as to Preparing 
Samples for Analysis. —In the case of all 
samples, whether of fertilisers or of raw materials 
for use in their manufacture, it is obviously im¬ 
portant to obtain a thoroughly representative 
portion for analysis. 

To this end it is usual, in the case of powdered 
fertilisers in dry or moderately dry condition, to 
pass the sample through a sieve, the perforations 
of which are about I mm. in diameter, pul¬ 
verising the portions at first retained on the 
sieve—cither in a mortar or, better, in a suitable 
mill—until they pass through. Adventitious 
materials which cannot be conveniently crushed, 
such as fragments of metal sometimes found in 
basic slag, must be removed and weighed, and 
subsequently allowed for in calculating the 
[ results of the analysis. 

I Some materials, like shoddy, wool waste, or 
hair, cannot be powdered, but as a rule they can 
[ be passed through a shredding machine; or, if 
i this is not possible, they must be finely cut up by 
hand. 

Some moist fertilisers also do not admit of 
being passed through a sieve, and in dealing 
with these the analyst must use his discretion 
as to the best mode of obtaining an average 
sample. 

In the case of man}^ moist materials, especially 
fibrous materials like shoddy or w'ool waste, or 
guano, moisture is inevitably lost during the 
preparation of the sample. It is therefore neces¬ 
sary to determine the moisture separately in a 
large average portion of the original material 
before proceeding to pulverise the remainder. 
The moisture must also be determined in the fine 
material as prepared for analysis, and the results 
of the analysis recalculated so as to represent 
the percentages present in the sample in its 
original moist condition. 

Crystalline or saline materials, like ammonium 
sulphate, potassium chloride, kainit or sodium 
nitrate, are best prepared by mixing and rapidly 
grinding in a stoneware mortar, the portion 
reserved for analysis being especially finely 
ground. 

In the ease of raw mineral phosphates, it is 
usual to determine the moisture in a rough 
sample separately taken for this purpose, and 
to conduct the rest of the analysis on a sepa¬ 
rately prepared fine portion, after drying the 
latter at 100°—the results being returned on the 
dry basis, with a simple statement at the foot 
of the analysis of the percentage of moisture in 
the rough sample. 

But in the case of almost all other materials, 
the results of the analysis are returned as per¬ 
centages of the material in its original moist 
condition. 

B. D. 

slate (Vol. IV, 117c). 

FETTBOL (Vol. II, 26c). 

“ FIBERLOlO (Vol. II, 4436, 480o). 
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FIBRES, ANIMAL, SILK. SUk ia a 

solidified secretion produced by the larvjB of 
niunoroua species of moths, all of which are 
members of the natural order Lepidoptera, The 
most important of these silk spinners are Bombyx 
mori (mulberry worm), Bombyx iextor^ Bombyx 
sinensis (Chinese monthly worm), Bombyx croesi 
(hot weather worm), Bombyx fortunatus (cold 
weather worm). Antherma mylitta (Tussah silk 
worm). Anther sea pernyi (which yields Shantung 
silk), Attaciis ricini (which yields Eria silk), and 
Attacus Cynthia. Most of the Bombyx moths 
are domesticated or bred under controlled con¬ 
ditions, with the object of producing the best 
type of silk, known as true silk, whereas the 
Baturnidse are not cultivated to the same extent 
and consequently yield a less valuable product, 
known as wild silk. The latter, although 
generally brown in colour and coarser and stitfor 
than true silk, has increased in importance 
during recent years owing to advances in the 
technology of processing. The fibre obtained 
from Bombyx mori^ whicli feeds on the leaves of 
the mulberry tree ( Moras alba or Moras ruhra)^ 
is usually taken as the standard for true silk, 
and unless otherwise stated, the term silk used in 
this article refers to this standard product. 

Great care is exercised in the rearing of silk¬ 
worms and much research has been carried out 
to determine the optimum conditions for the 
larva?. It has been found (Nakahama and 
Nishimura, Bull. Agric. Oheru. Soc. Japan, 1937, 
13, 45, 79) that atmospheres of high relative 
humidity tend to cause a reduction in the quality 
and amount of silk produ(!ed, and that excessive 
feeding, although resulting in larger and heavier 
cocoons, has a similar deleterious effect upon 
the quality of the silk. Conditions in the silk 
worm establishments or filatures must be care¬ 
fully controlled if the best results are to be 
obtained, especially as the larvae arc subject to 
a considerable number of diseases, some of 
which are highly contagious, e.y. pebrine, 
llacherie, grasserie and muscardine. The silk¬ 
worm is hatched in the larval form from eggs 
laid by the moth, and after feeding voraciously 
for 32-38 days, during whicli time it changes its 
skin four times, passes into the pupal stage. 
As a means of protection from external agencies, 
the insect spins a cocoon round its body by 
ejecting the contents of its two silk glands 
through minute spinnerets, one on each side of 
the head. By this means, two filaments or 
brins, composed of a protein known as fibroin 
and cemented together with sericin, a compound 
similar in constitution but different in properties, 
are produced. This composite raw silk thread, 
which solidifies on emerging into the air, is 
termed the have. 

There is considerable controversy as to the 
exact method by which these threads are pro¬ 
duced, and the topic has recently been compre¬ 
hensively reviewed by Bergmann (Text. Res. 
1939, 9 , 329). According to early workers on 
silk formation, sericin ia produced by atmo¬ 
spheric oxidation of fibroin, which is the sole 
product of the glands, but this hypothesis was 
shown to be false by the application of a staining 
technique which demonstrated the presence of 
sericin in the silk producing organs. Most in- 


I vestigators are agreed that fibroin is produced 
in the postf?rior portion of the gland, but there 
is some difl’erence of opinion regarding sericin 
formation. Certain authors (Blanc, Rapp. Lab. 
d’Etudes de la Soie, Lyon, 1887-88, 4, 62; 
Tanaka, J. Coll. Agric. Tokohii Imp. Univ. 
1911-12, 4 , 145) believe that this protein is 
produced by the interglandular oxidation of 
fibroin, whilst others (Lidth de Jcude, Zool. Anz. 
1878, 1, 100; Raulin and Sicard, Rapp. Lab. 
d’^tudes de la Soie, liyon, 1886, 3, 43 ; Machida, 
J. Coll. Agric. Tokyo, 1937, 9, 119 ; Proc. Imp. 
Acad. Tokyo, 1926, 2, 421) provide evidence 
supporting the theory that sericin and fibroin 
are secreted as completely independent com¬ 
pounds in the middle and posterior portions of 
the gland, respectively. Silk is present in these 
organs as a viscous liquid, and is quite different 
in properties from cocoon silk. The mechanism 
by which solidification is effected is rather 
obscure, but the most satisfactory theory 
appears to be that due to Foa (Kolloid-Z. 1912, 
10 , 12 ), who is of the opinion that the change is 
produced purely by the mechani(?al action of 
stretching and pulling to which silk is subjected 
after leaving the gland. Confirmation of this 
hypothesis has been provided by Hirazuka 
(Bull. Imp. Sericult. Exp. 8 ta. Nakano, 1918, 
1 , 203), llirasawa (BuU. Sericult. and Silk Ind. 
Japan, 1930, 3, 6 ) and Ongaro (Giorn. chim. ind. 
applicata, 1933, 15, 506), whilst Ramsden 
(Nature, 1938, 142, 1120) has put forward evi¬ 
dence in support of the view that shearing forces 
contribute towards the solidification. 

During the formation of the cocoon, the larva 
m<)ves its head as though making a figure of 
eight, and consequently the fibre is fairly easily 
unwound (reeled) when required for industrial 
purposes. Although most cocoons are used for 
silk production, a certain number are retained 
for purposes of reproduction. These are allowed 
to develop naturally, but when cocoons are to 
bo employed as a source of silk, it is necessary to 
kill the insect inside, by heating in an oven at 
60-70“C. for 3 hours, or by placing in steam 
for 10 minutes. If the insect wore allowed to 
live and emerge as an adult moth by softening 
a portion of the cocoon with an alkaline fluid 
ejected from its body, there would be a reduction 
in the length of reelable silk. A filature cocoon 
of average size weighs from 1 to 3 g. and con¬ 
tains some 3,000-4,000 yards of silk, of which 
600-1,2(K) yards may be reeled. This is worked 
up as true silk, which consists of long uniform 
filaments, whilst the unreelable portion and 
inferior or damaged cocoons, together with 
those of the wild worms, are manufactured on a 
system involving carding and spinning. 

CoMPOsi^’ioN OF Silk. 

Raw silk threads, which decrease in diameter 
as the inside of the cocoon is approached, consist 
mainly of sericin and fibroin, together with 
moisture, mineral salts, waxes and colouring 
matters. The filaments are generally regarded 
as containing 11 % of moisture, 66 % of fibroin, 
22 % of sericin and 1 % of mineral and colouring 
matters (Allen’s “ Commercial Organic Analysis,” 
6 th ed., Vol. 10, p. 200), although, as shown in 
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Table I, the exact figures vary according to the 
type and history of the silk. 


Table I. 


Type of silk 
(dry). 

Fibroin. 

Sericin. 

Wax 
and fat. 

Salts. 

Raw white 





mulberry . 
Raw yellow 

76*20 

22*01 

1*36 

0*3 

mulberry . 

72*35 

23*13 

2*75 

1 

1*6 


Raw silk varies a great deal in colour. The 
several types of Bombyx worm produce white, 
yellow or greenish yellow silk, and the wild 
varieties yield a product which may be light or 
dark brown, golclen yellow or green. Natural 
colouring matters in silk have therefore been 
divided by W. Bergmann (Text. Res. 1939, 9, 
397), into yellow, green and brown. The first 
are attributed to the presence of xanthophyll 
{v. Vol. II, 399c), carotene (q.v,) in various 
oxidised forms, and violoxanthin (v. Vol. II, 
399d). Xanthophyll (lutein) was first isolated 
in a crystalline state by Oku (Bull. Agric. 
Chem. Soc. Japan, 1929, 5, 81 ; 1932, 8 , 7, 89 ; 
1933, 9, 91) who estimated that normal yellow 
silk contained 0*022-0*024%. The same author 
was also successful in isolating lutein from mul¬ 
berry leaves (t 6 td., 1930, 6 , 104). Certain of the 
green pigments have been shown (Jucci and 
Manunta, Atti R. Accad. Liiicei, 1932, (vi], 15, 
473; Boll. Soc. Ital. Bio. sperim. 1932, 7, 
162, 163. Manunta, Atti R. Accad. Liiicei, 
1933, [vi], 18, 513; Mem. Accad. Lincei, mat. 
nat. 1936, [vi], 6, 101) to be closely related to the 
flavones, and others, obtained from some wild 
silks, resemble chlorophyll (Gautier, Compt. 
rend. Soc. Biol. 1906, 61, 419, 696; 1907, 62, 
234. Oku, Bull. Agric. Chem. Soc. Japan, 1934, 
10, 158, 164). Oku (lx.) succeeded in identifying 
a flavone which he termed bombycin, and whi(*h 
on hydrolysis with 6 % sulphuric acid, yields, in 
equimolecular proportions, glucose and an 
aglucone, bombycetin (C 20 H 19 O 7 N), ra.p. 170- 
1 ^®C. Brown pigments differ from yellow and 
green, in that they do not become evident until 
the completion of the cocoon. Blanc (Rapp. 
Lab. d’fitudes de la Soie Lyon, 1886, 3, 65), 
Levrat and Conte {ibid. 1901-02,11, 53). Dewdtz 
(Arch. Entw.-Mech. Org, 1910-11, 31, 617; 
Zool. Anz. 1904, 27, 161), and others have shown 
that cocoons of Antheraea mylitta, Attacus Orizaba^ 
Attacus pernyif Saturnia pyri and Saturnia 
pavonia change from white to brown 24-48 
hours after completion, and attribute this to the 
fact that the worm covers the whole surface of 
the cocoon with a fluid ejected from the anus. 
The composition of the brown pigments is some¬ 
what obscure, but Przibram and Schmalfuss 
(Biochem. Z. 1927,187, 467) have separated pure 
3:4-dihydroxyphenylalanine (dopa) from co¬ 
coons of Sarnia cecropia and have proved that 
this chromogen is responsible for the develop¬ 
ment of the brown colour of wild silk cocoons. 
Cocoon wax is considered to be unevenly dis¬ 
tributed throughout, as the amount of extract¬ 


able wax decreases from the external to the 
internal layers (W. Bergmann, Text. Res. 1938, 
8 , 195, 221). Quantities of this material ex¬ 
tracted from raw silk are conveniently expressed 
in terms of the ether-soluble number (E. S. 
number) which has been defined by Bergmann 
{ibid. 1939, 9, 175) as the number of milli¬ 
grams of ether-soluble material contained in 
10 g. of silk. Values of this characteristic vary 
from 30-100, according to the type of silk, those 
for white Japanese and Chinese silks lying be¬ 
tween 40 and 60, and those for yellow silks of 
Japanese and Italian origin between 90 and 100. 
No apparent relationship exists between the 
E. 8 . number and the nature, boil-off, tenacity, 
elongation, cohesion or resistance to friction of 
the raw silk filaments, but there is a direct con¬ 
nexion between E. 8 . number and the wettability 
of the fibre, a fact which is of considerable 
technical importance. The composition of the 
vax is not very well defined, but extraction of 
raw Chinese silk by means of solvents yields a 
light brown wax of m.p. 50-60"C., which may be 
resolved into a mixture of primary alcohols 
(C 26 --C 32 ), fatty acids (Cgg— C 32 ), paraffins 
(C 25 —C 3 J), and liquid fatty acids. This wax 
approximates very closely to that obtained by 
Chibnall and his co-workers from certain plant 
cuticles, a fact which adds support to the view 
that silk wax is derived from the comparatively 
large amounts of plant waxes consumed by the 
larvjc. 

The chief components of raw silk, sericin and 
fibroin, are proteins composed of carbon, nitro¬ 
gen, hydrogen and oxygen, in the ])roportion 8 
indicated in Table IT. 


Table II. 


I’ro- 

tein. 

1 Car¬ 
bon. 

Hydro¬ 

gen. 

Ni¬ 

tro¬ 

gen. 

Oxy -1 
gen. 1 

Kefcrencc. 

Fibroin | 

48*53 

6*13 

.18*33 

26*07 

Matthews, “ Textile 
Fibers," 4th ed. 
1924—mean of 

several determina¬ 
tions. 

Sericin 

42*60 

5*90 

16*.50 

35*C0 

Matthews, op. cit. 
p. 301.1 


As distinct from the keratins, sericin and fibrion 
contain no sulphur, and, in consequence, silk 
has properties markedly different from those of 
wool and hairs. 

Sericin.—Sericin, which is a yellowish, trans¬ 
parent substance, may be removed from the 
raw fibre by boiling in alkaline soap solutions, 
the loss in weight resulting from such treatment 
being known as the boil-off. The quantity of 
material removed varies with the t 3 rpe of silk 
from 18-25%, as is evident from Table III. 

As a result of degumming, the have is separated 
into two brins which are composed of practically 
pure fibroin, and are much softer and more 
lustrous than raw silk. Pure sericin may be 
prepared by boiling raw silk in water for several 
hours, and subsequently precipitating the soluble 
protein with lead acetate. An alternative pro¬ 
cedure consists in precipitating sericin from the 
aqueous solution by means of acetic acid, wash- 
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Table 111. 


SJIk. 

% Loss ill weight. 

Yellow—French .... 

2418 

Italian .... 

23-40 

Piedmont 

22-92 

Spanish .... 

24-94 

Syrian .... 

24-35 

Bengal .... 

22-09 

White— French .... 

21-54 

Piedmont . 

20-68 

Italian .... 

21-40 

China .... 

17-98 

Canton .... 

2217 

Japanese 

17-90 


Reference. —Matthews, “ Textile Fibers,” 4th 
ed. 1924, p. 292. 


ing with water, and finally treating with cold 
alcohol, boiling alcohol, and ether in succession. 
An empirical formula ^ 16 ^ 26 ^ 8^6 been 
assigned to sericin by Cramer (J. pr. Chem. 1865, 
[i], 96 , 91), who expressed the relationship 
between this protein and fibroin by the lollowing 
equation: 

Fibroin, Hcricin. 

Sericin, which is soluble in hot water, hot soap 
solution, and dilute caustic alkalis, may be pre¬ 
cipitated from aqueous solution by the addition 
of alcohol, tannin, basic lead acetate, stannous 
chloride, bromine or iodine. Formaldehyde is 
capable of rendering sericin insoluble in hot 
water and soap solutions, and if raw silk is 
treated with this reagent, the sericin becomes 
more firmly attached to the fibroin. A similar 
fixation may be effected by the use of chromium 
salts, which cause the fibres to assume a wool¬ 
like appearance. The amino groups of the pro¬ 
tein appear to play a part in this reaction, since 
deaminated sericin absorbs less chromium than 
does the unmodified material (Oku and Hirose, 
Bull. Agric. Chem. Soc. Japan, 1937, 13, 1257; 
J. Agric. Chem. Soc. Japan, 1938, 14, 178, 309). 
By boiling in acid solutions sericin may be 
hydrolysed into a mixture of amino acids. Al¬ 
though, as shown in Table IV, the results of 
analyses on such hydrolysates are widely 
divergent and inadequate, it is evident that 
alanine and serine are important constituents. 

In common with other proteins, sericin com¬ 
bines with dilute acids and alkalis and possesses 
an isoelectric point. Older values of this cha¬ 
racteristic are of an approximate nature only 
(Kodama, Biochem. J. 1926, 20 , 1208; Denham 
and Brash, J. Text. Inst. 1927, 18, T620), but a 
recent investigation by Harris (Text. Res. 1939, 
9 , 374) has provided the more accurate figure of 
Ph ^‘3. The determination was carried out by 
measuring the electrical mobility of sericin ab¬ 
sorbed on glass particles of 0*1“2 microns in dia¬ 
meter, and acetate buffers were employed to 
minimise specific ion effects. On account of its 
high molecular weight, sericin forms a colloidal 
solution in water. The properties of such solu¬ 
tions have been investigated with great thorough¬ 


Table IV. 


Amino acid. 

From 

Canton 

silk.^ 

1 

] 

i 

1 

From 
silk of a 
bivoltinc 
species of 
worm.* 

From 

Bombyx 

mori 

silk.* 


% 

% 

% 

% 

Glycine . 

1-2 

1-5 

3-9 

— 

Alanine . 

9-2 

9-8 

3-5 


Leucine . 

5-0 

4-8 

0-4 

1-69 

Serine 

5-8 

5-4 

5-9 

6-81 

Aspartic acid 

2-6 

2-8 

3-9 

— 

Glutamic acid 

2-0 

1-8 

0-8 

1 — 

Phenylalanine 

0-6 

0-3 

0-5 

— 

Tyrosine. 

2-3 

1-0 

3-2 

5-69 

Proline . 

2-5 

3-0 

0-4 

— 

Arginine. 


— 

__ 

4-56 

Lysine , 

— 

— 


1-69 

Histidine 

.... 



1-02 


^ Abderhalden and Worms, Z. physiol. Them. 1909, 
62,142. 

* Strauch, 1911, 71 , 365. 

® Inouye and Hirasawa, J. Tokyo Chem, Soc. 1918, 
39 , 300. 

< Turk, Z. physiol. Chem. 1020, 111 , 69. 

ness by Kaneko (Bull. Chem. Soc. Japan, 1934, 
9 , 207, 241, 283, 344, 409, 461, 600), who has 
provided accurate data for the viscosity, specific 
conductivity, surface tension, cataphoretic 
velocity, and the variation of those character¬ 
istics with temi>erature and other factors. 
Sericin solutions are excellent emulsifying 
agents, and show a protective colloid capacity, 
as revealed by the gold number of 0*02-0‘38. 
Coagulation is effected by the addition of heavy 
metal salts or organic solvents such as alcohol, 

I acetone or benzene. 

By suitable treatment of sericin solutions, 
different fractions, which have been designated 
as sericin A and sericin B, may be obtained. 
The separation may be effected in a number of 
ways. The method of Mosher (Amer. Dyestuff 
Rep. 1932, 21, 341) consists in adjusting the 
Pu of the solution to 3'6-3-8, when sericin B is 
precipitated, followed by the addition of alcohol 
to deposit the A variety. Kaneko (i.c.), how¬ 
ever, has shown that the two forms may be 
prepared by mixing a luke-warm sericin solu¬ 
tion with an equal volume of saturated am¬ 
monium sulphate, or by freezing the solution for 
several hours and then allowing it to return 
slowly to room temperature. Under these con¬ 
ditions sericin A may be separated, while sericin 
B remains in solution and may be isolated in the 
usual manner. There is some doubt (Matsunaga, 
J. Soc. Chem. Ind. Japan, Suppl. binding, 1936, 
89 , 466) as to the identity '>f the various frac¬ 
tions separated by different workers, but all are 
agreed that whilst the two forms of sericin ex¬ 
hibit the usual protein characteristics, they are 
quite different in many chemical and physical 
properties. 

The more important differences between the 
sericins identified by Kaneko (l.c.) may be 
summarised as follows: 

(1) Sericin A yields more viscous solutions 
than does B. 
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(2) Sericin B is more soluble than A in dis¬ 
tinctly acid and alkaline solutions. 

(3) Sericin A is coagulated by strong solutions 
of ammonium sulphate and by electrodialysis, 
whilst sericin B remains in solution as a result 
of such treatments. 

(4) After freezing a solution containing both 
forms, sericin A cannot return to the colloidal 
state, whilst B again enters into solution. 

(5) The two varieties have different iso¬ 
electric points, although the reported values 
vary somewhat. Thus, two results for the iso¬ 
electric point of sericin A are 3*8 and 41, whilst 
the corresponding figures for sericin B are 4*5 
and 4-3. 

( 6 ) The specific gravities of sericins A and B 
are 1-356 and 1-309, respectively. 

(7) Sericin A has the greater protective colloid 
action, as showji by its gold number being less 
than that of sericin B. 

( 8 ) Sericin A has a greater affinity for dyes 
than has B. 

(9) Differences in composition are evident 
from the following figures: 

Sericin A. —Total nitrogen—16-36%, Tyro¬ 
sine—2-62%, Glycine—6-18%. 

Sericin B .—Total nitrogen—16-11%, Tyro¬ 
sine—5-35%, Glycine—4-89%. i 


The two varieties isolated by the method of 
Mosher exhibit similar differences in physical 
and chemical properties, but there are more data 
regarding their constitution. The nitrogen con¬ 
tent of sericin A has been shown (Ito, J. Agric. 
Chem. Soc. Japan, 1937, 13, 1201) to be 17-37% 
and that of B, 16-88%, whilst the distribution 
of nitrogen in the two forms is given in Table V 
(Ito, ibid. 1939, 15, 50). 


Table V. 


Type of nitrogen. 

Sericin A. 

Sericin B. 

Amide .... 

12-14 

10-22 

Humin .... 

0-17 

0-90 

Cystine .... 

0-00 

0-00 

Arginine .... 

9-15 

9-68 

Lysine .... 

4-70 

4-72 

Histidine 

2-71 

3-80 

Monoamino . 

70-10 

69-19 


In addition, sericin A contains 0-45% of sugars 
and 0-37% of amino sugars, and sericin B 1-08% 
and 1-27% of these compounds. When both 
varieties are heated with water, a considerable 
amount of ammonia is liberated, the greater 
quantity being obtained from sericin A. 


Table VI. 


% of amino acids. 


Origin of Fibroin. 

4.* 

a 

‘P 

O 

Alanine, i 

Leucine. 

1 

Serine. 

Aspart ic 
Acid. I 

1 

1^’ 

iSr 

Phenyl¬ 
alanine. { 

Tyrosine. 

Proliue. j 

From New - Chwang silk 
(Abderhalden and Killict, 
Z. physiol. Chem. 1909, 
58 , 337). 

19-7 

23-8 

1-6 

1-0 

2-9 

17 

1-2 

9-8 

1 

1-85 

From Canton silk (Abder¬ 
halden and Behrend, ibid. 
1909, 59 , 236) .... 

37-5 

23-5 

1-5 

1-5 

0-75 

Not de¬ 
tected 

1-6 

9-8 

1-0 

From Shantung Tussah silk 
(Abderhalden and Brahm, 
ibid. 1909, 61, 256) . . 

14-5 

22-0 

1-0 

1-8 

1-0 

1-75 

1-0 

9-7 

2-5 

From Bengal silk (Abder¬ 
halden and Sington, ibid. 
1909,61,259). . . . 

30-5 

20-0 

12 

1-75 

0-8 

trace 

14 

10-0 

10 

From Ni^t ngo tsam silk 
(Abderhalden and Brossa, 
ibid. 1909, 62, 129) . . 

24-0 

^ 18-5 

1-2 

15 

2-0 

3-0 

1-0 

7-8 

1-2 1 

From Indian Tussah silk 
(Abderhalden and Spack, 
ibid. 1909, 62,131) . . 

9-5 

24-0 

1-5 

2-0 

i 

i 

1 2-5 

1-0 

0-6 

9-2 

1 i 

1-0 

From Tsai-tsao-tsam silk 
(Abderhalden and Schmid, 
ibid. 1910, 64. 460) . . 

25-2 

18-2 

0-9 

1-2 

2-1 

20 

1-0 

7-8 

1-0 

From CJhefoo silk (Abder¬ 
halden and Welde, ibid. 
1910, 64,462) .... 

12-6 

180 

12 

10 

2-0 

2-0 

1-0 

8-6 

2-5 
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A third fraction, Roricin C, ha« alRO been iso¬ 
lated by Mosher (Amor. Silk and Rayon J. 1934, 
68 , April, 43) from the last portion of sericin 
which can be removed from raw silk. The pro¬ 
tein is insoluble in all common solvents, is 
resistant to enzyme action, and has little ability 
to emulsify oils and fats. It is very doubtful 
whether this substance is a true sericin, and 
consequently, it has also been classified as a pro¬ 
tein intermediate in properties between sericin 
and fibroin. 

Fibroin.—The second protein constituent of 
silk, fibroin, is insoluble in water and organic 
solvents, but dissolves in concentrated solutions 
of mineral acids, alkaline hydroxides, or certain 
salts, and in aramoniacal solutions of coj)per or 
nickel oxides. On hydrolysis by means of 
strong acids, various amino acids have been 
isolated, the most important being glycine, 
alanine and tyrosine. Investigations by Abder- 
halden in the years 1909 and 1910 indicate that 
fibroins obtained from various types of silk 
differ in composition (see Table VI on previous 
page and Z. physiol. Chem. l.c.) 

Later, Abdorhalden (ibid. 1922, 120, 207) 
published the following figures for the percentage 
composition of hydrolysates obtained from the 
fibroin of Bombyx mori silk; glycine 40*5, 
alanine 25, tyrosine 11, leucine 2*5, serine 1-8, 
arginine 1*5, phenylalanine 1-5, probne 1*0, 
lysine 0-85, and histidine 0*76. More detailed 
experiments (ibid. 1932, 207, 141; 210, 246) 
by the same author revealed the proHence of 
norvaline, valine, chitosamine, aspartic acid, 
glutamic acid and glucuronic acid, in addition 
to the previously mentioned compounds. By 
treating fibroin with normal caustic soda solu¬ 
tion at 37*^C. for 40 hours, a pentapeptide. 


glycylserylprolyltyrosylproline, and a tetra- 
peptide, serylproljdtyrosylproline, were isolated. 
The most recent values for the comj^sition of 
hydrolysates obtained from silk fibroin are due 
to Bergmann and Niemann (J. Biol. Chem. 
1938, 122, 577), who have developed new 
methods for the determination of glycine and 
alanine, and have provided new fibres for the 
amounts of tyrosine, glycine, alanine and argi¬ 
nine. Their results, together with older values 
for other amino acids, are summarised in Table 
VIT. 


Table VII. 


Amino acid. 

Percentage. 

Reference. 

Glycine 

43-8 

Bergmann and Nie¬ 
mann (l.c.). 

Alanine 

26-4 

do. 

Tyrosine 

13-2 

do. 

Arginine 

0-95 

do. 

Lysine . 

0-25 

Vickery and Block 
(J. Biol. Chem. 
1931, 98, 106). 

Histidine . 

007 

do. 

Leucine 

2-5 

i Abderhalden (l.c.). 

Serine . 

1-8 

do. 

Proline. 

10 

do. 

Phenylalanine. 

1-5 

do. 


The amino acid (composition of the protein 
hydrolysate is therefore comparatively well 
established, and on the basis of this analysis, 
Bergmann and Niemann calculated a minimum 
molecular weight of 217700. They have also 
suggested that a portion of the fibroin molecule 
is built according to the following plan : 


—G—A—G—T—G—A—G—Ar—G-A—G—X—G—A—G—X— 
(_G-A-T-G-A-G-X-G-A-G-X-G-A~G-X)„- 
G—A—G—T—G—A—G—X—G—A—G—X—G—A—G—Ar— 
(G_A-G-T-G-A-G-X-G-A-G-X-G-A-G-X)i,-, 


where G denotes glycine, A alanine, T tyro¬ 
sine, Ar arginine and X any other aminoacid 
residue. 

The configuration of the fibroin molecule has 
also been the subject of many physical investi¬ 
gations. As a result of the application of X-ray 
technique it has been established that this pro¬ 
tein is composed of an amorphous mass contain¬ 


ing embedded crystallites, which consist of long, 
fully extended polypepticie chains, lying closely 
side by side to form long, thin, crystalline 
bundles or micelles, oriented parallel to the 
length of the fibre. The chains are formed by 
linking together a-amino acids, mainly glycine 
and alanine, as follows: 


Ha H O Hj H O Hg H p H 


^ I 4' „ 

J. I /\. i U /\ I li /\ 


o 

I 


H 


O CHa H H 


O R H H 


& 


CH3 H H o Ri H 


The effective length of each amino acid residue 
in such a system is 3‘5a, whilst the distance of 
separation between the paraUel peptide chains 
lies somewhere between 4*4 and 6* 1a, and the 
pattern repeats in the direction of the fibre axis 
at a distance of 6*95J:0-25a, which corresponds 
to the length of two amino acid residues (Meyer 
and Mark, Ber. 1928, 61 [B], 1932 ; Kratky and 
Kuriyama, Z. physikal. Chem. 1931, B, 11, 363 ; 


Brill, Annalen, 1923, 484, 204). Calculations 
based on these values and on the formula set 
out by Bergmann show that the macromolecules 
of silk fibroin are approximately 900 millimi¬ 
crons in length, but Alexander (Ind. Eng. 
Chem. 1939, 81, 630), as a result of experiments 
with the ultramicroscope, believes them to be 
considerably smaller. 

The Japanese worker, Kaneko, has demon- 
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strated (J. Agric. Chem. Soc. Japan, 1936, 12 , 
101, 800; 1937, 18 , 208, 1125) that silk fibroin 
may be fractionated into fibroin A and fibroin B, 
by precipitation under carefully controlled con¬ 
ditions, from a dispersion in cold concentrated 
hydrochloric acid. The A variety has the higher 
specific gravity, tyrosine content and isoelectric 
point, and is more resistant to chemical reagents, 
although it is more readily stained by acid 
colours. Both forms give positive results with 
the xanthoproteic reaction and Millon’s reagent, 
the coloration being more intense in the case of 
fibroin A. 

Since fibroin is a typical protein, it is capable 
of benzoylation and acetylation, and these 
reactions proceed easily. When acetylated with 
keten, or acetic anhydride, however, much more 
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of the reagent is absorbed than can be accounted 
for in terms of the hydroxyl and amino groups 
in the molecule (Carr, Text. Res. 1936, 7, 103; 
1938, 8, 125, 390). The protein also combines 
with acids and alkalis, to an extent which is 
dependent upon the pn medium. Jordan 

Lloyd and Bidder (Trans. Fafaday Soc, 1935, 
31, 864) have pointed out that under their 
experimental conditions, silk fibroin possesses 
an isoelectric region from approximately Ph 3 
to Ph 8 in which no combination occurs, but 
many other workers have been concerned with 
the more precise determination of an isoelectric 
point. The methods adopted have been many 
and varied, and the results widely divergent, as 
is evident from Table VIII. 

The last mentioned determination is probably 


Table VIII. 


I Investigator. 

Method. 

Isoelectric Point 

IPh)- 

Denham and Brash (J. Text. 

Fixation of metallic and acjdic 

3-8 

Inst. 1927, 18 , T520). 

radicals. 


Meunier and Rej^ (Compt. rend. 

Swelling in buffer solutions. 

4-2 

1927, 184 , 285). 



Elod, Teichmann, and Pieper 

Observations on the effect of fibroin 

51 

(Z. angew. Chem. 1927, 40, 

on the hydrogen-ion concentration 


262). 

of conductivity water. 


Hawley and Johnson (Ind. Eng. 

Electrophoresis of aqueous suspen¬ 

1 

isoelectric 

Chem. 1930, 22, 297). 

sions of finely divided fibroin. 

range, 1 •4-2-8 | 


Flocculation of fibroin suspensions. 

isoclecdric 
range, l-7~-2-4 

1 

Harris (J. Res. Nat. Bur. Stand. 

Precipitation of fibroin solutions. 

2-1 

1932, 9 , 557). 

1 


Viscosity of fibroin solutions. 

2-3 


! 

Electrophoresis measurements. 

1 

2-5 

Denham et al. (Trans. Faraday 

1 

Swelling. 

Minima at 

Soc. 1933, 29 , 300; 1935, 81 , 


1-4, 2*8, 3-8 and 4-7. 

611). 



Rastelli (KoUoid-Z. 1934, 67 , 55). 

Fixation of ions from aqueous solu¬ 
tions. 

4*6-4-8 

Harris (Text. Res. 1939, 9 , 374). 

Electrophoretic measurements using 

3-6 


refined methods. 



the most accurate, and consequently, the iso¬ 
electric point of silk fibroin may be considered 
to be 3*6. This figure applies to fibroin from 
Bombyx mori, but it is likely that the position 
of the isoelectric point is characteristic of each 
kind of silk (Eloid, l,c.), Denham and Brash 
(he.), on the other hand, did not find any con¬ 
spicuous difference between the isoelectric 
points of samples of Chinese and Italian silks, 
or even between those of mulberry fibroin and 
Tussah fibroin. Such an observation, however, 
is not in agreement with that of Bito (Bull. 
Sericult. Japan, 1931, 4 , No. 2 , 2 ), who has 


reported the value of Ph 2-85 for the isoelectric 
point of Tussah fibroin, but the whole question 
of the isoelectric; point of fibroin is greatl}'^ con¬ 
fused by the lack of accurate data. 

Microscopy of Silk. 

When the raw silk fibre is subjected to micro¬ 
scopic examination, the two brins are clearly 
visible, and are often quite separate from eacn 
other for considerable distances along the fibre, 
although at other points they adhere closely. 
The surface of the have appears irregular, due 
to broken or tom portions of sericin. This 
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binding layer shown frequent transverse fissures 
caused by a cracking of the sericin during bend¬ 
ing or twisting of the fibre. Degummed silk, 
which is roughly triangular in cross-section, is 
much more uniform, and is easily distinguished 
as a smooth transparent filament of fairly regular 
diameter, although lumps or swellings are oc¬ 
casionally evident. Striations rarely occur, but 
when visible are parallel to the fibre axis. 
Treatment with dilute chromic acid results in 
the appearance of very fine longitudinal mark¬ 
ings. Fibroin may be stained deep red with 
alloxantin, red with fuchsine, and yellowish 
brown with iodine, whilst concentrated hydro¬ 
chloric acid produces a violet colour, and a mix¬ 
ture of sugar and concentrated sulphuric acid 
stains the fibres rose red, prior to their solution. 
Both raw and degummed silks exhibit character¬ 
istic colours when examined in polarised light, 
these being most probably caused by the fibroin. 

Wild silks may be readily differentiated from 
the cultivated variety as the fibres are broad 
and thick, and approximate to a flattened ellipse 
in cross-section. Tussah silk is characterised by 
distinct longitudinal striations and peculiar 
flattened markings, usually running obliquely 
across the fibre (Matthews, op, cit. pp. 270-273, 
for photomicrographs). By treatment in cold 
chromic acid, the fibre may be macerated into 
minute filaments, which according to Hohnel 
are 0-3-1-5 microns in diameter and are arranged 
parallel to the length of the fibre. Air canals or 
spaces between these filaments are probably the 
cause of coarse longitudinal markings which 
occur at intervals on the fibre, in addition to the 
finer striations previously mentioned. 

Physical Properties of Silk. 

Dry silk has a great affinity for water, and 
adsorbs water vapour at all humidities, the 
regain under desorption csonditions being always 
in excess of that under adsorption conditions at 
the same relative humidity. Owing to the high 
price of silk it is customary to estimate its mois¬ 
ture content before sale, and a regain of 11% 
is officially permitted in the case of raw silk. 
Boiled-oflf silk appears to have rather less 
aflSnity for water, due presumably to the higher 
adsorptive capacity of the silk gum. Water 
adsorption data for raw and degummed silks at 
various temperatures and relative humidities 
have been provided by Scliloesing (Compt. 
rend. 1893, 116 , 808), Levrat (Rapp. Lab. 
d’Etudes 8oie, Lyon, 1901, 10 , 39)., Honig 
(Text. Forschung, Forschungsheft 3/5, Dresden, 
1918), Obermiller and Goertz (Textilber. 1926, 
7 , 71 ; Z. physikal. Chem. 1924, 109 , 145), and 
Kujirai, Kobayashi and Toriyama (Sci. Papers 
Inst. Phys, Chem. Res. 1923, 1 , 79). The last 
authors have also demonstrated that the re¬ 
lationship between the percentage of water 
adsorbed (Q) and the relative humidity of the 
atmosphere (H) may be expressed in the form 
Q==l/(a/H+6~cH) where a, 6, and c are con¬ 
stants, whilst the more comprehensive equation 
to—(a4-i8^)v^(100—f), where w is the moisture 
content, the relative humidity, t the tempera¬ 
ture and a and p are constants, is in accordance 
with the results of Honig (l.c.). The regains 
of Chinese, Italian and Japanese degummed 


silks under the same conditions are all similar, 
according to Denham and Allen (Trans. Faraday 
Soc. 1933, 29, 316), but that of Tussah is greater. 

The extent of the swelling which occurs when 
dry degummed silk is exposed to the atmosphere 
varies with the relative humidity, as illustrated 
by the results of Denham and Dickinson (ibid. 
1933, 29, 300) given in Table IX. 


Table IX.— Mean Lateral Swelling of 
Filaments of Italian Silk, Per Cent, op 
Original Dry Diameter. 


Relative 
humidity, (%) 

20 

40 

60 

80 

90 

95 

100 

Mean lateral 

swelling, (%) . 

!•« 

2-4 

3-5 

61 

8-4 

IM 

16-3 


A more recent investigation (Ingram, Text. Res, 
1938, 9 , 79) has revealed that swelling is also 
dependent on the diameter of the fibre, since 
dry filaments of both raw and degummed silk, 
when placed in water, increase in cross-sectional 
area in a ratio inverselj" proportional to their 
diameters. 

The elastic properties of degummed silk vary 
considerably according to the nature of the silk, 
but the results of Denham and Lonsdale (Trans. 
Faraday Soc. 1933, 29 , .305), summarised in 
Table X, serve to indicate their magnitude. 

Table X. 


All figures relate to teats carried out at 
65% R.H. 



Italian 

silk. 

Canton 

silk. 

No. of filaments 
tested .... 

485 

80 

Mean diameter (cm.) 

000130 

0-00078 (4) 

Breaking load (g.) . 

6-8 

2-6 

Extension at break 
(% of original 
length). 

25-6 

18-4 

Tensile strength 

(dynes per sq. cm. 

X 10») .... 

6-0 

6-4 

Young’s modulus 

(dynes per sq. era. 
xi0i«) . . . 

7-22 

10-74 


As in the case of other textile fibres, the rela¬ 
tive humidity of the atmosphere and the rate 
of loading have a great effect on certain of the 
above values. The results given in Table XI, 
for example, provide ample evidence of the 
variation of Young’s modulus with relative 
humidity in the case of degummed Japanese silk 
filaments. 

Recovery of silk filaments after extension takes 
the form of a rapid contraction followed by a 
slow creep, and is facilitated by an increase in 
the relative humidity of the atmosphere. Even 
in saturated atmospheres, however, the fibres 
do not regain their original dimensions. This 
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Table XI. 


Relative humidity. 

% 

Young's moduluH 
dyncfi/cm.* 

47-5 

100 x101® 

60 

8-9 „ 

70 

i 7-1 „ 

80 

6-3 „ 

90 

5-1 


fitatement is illustrated by the figures of Den» 
ham and Lonsdale (I.r.) given in Table XII. 

Table XII,— Recovery of Degummed Itallan 
Silk Filaments about 50 cm. Long after 
Stretching at 05% Relative Humidity 
AND IN Water. 



fir)% 

In 


R.H. 

w-ater. 

Extension (per cent.) . 

5-00 

4-97 

Elongation (per cent.)— 
After instant recovery . 

2-9 

1-39 

„ 15 seconds . . . j 

1-6 

1-09 

„ 1 minute . 

1-5 

0-99 

„ 5 minutes 

1-3 

0-89 

„ 1 hour 

' 1-2 

0-79 

„ 1 day .... 

M 

0-79 

„ 2 days 

M 

— 

„ 3 days . . . 

M 

0-79 


The density of raw silk lies between 1-30 and 
1*37, whereas that of boiled-off silk is lower, 
values of 1-25 and T3 having been recorded 
(Matthews, op. cit.^ p. 276). Other physical con¬ 
stants of raw silk include the approximate re¬ 
fractive index 1595 axial, and 1-538 
transverse (Herzog, “ Unterscheidung der iiatiir- 
lichen und ktinstlichen Seiden,'’ Dresden, 1910, 
p. 76), and a specific heat of approximately 
0-33 g.-cal. (Denham and Lonsdale, Trans. 
Faraday Soc., 1924, 20, 259). 

Finally, the high lustre of degummed silk, its 
softness, durability, resistance to creasing, and 
its power of electrical insulation, contribute 
towards making silk a valuable textile fibre. 

Chemical Properties of Silk. 

The chemical properties of the raw silk fibre 
are largely accounted for in terms of the re¬ 
activity of sericin and fibroin, whilst the 
reactions of the commercially degummed 
material, which have received most attention, 
are substantially those of fibroin. Warm dilute 
acids dissolve the sericin, leaving the fibroin 
unattacked, but with more concentrated acids, 
especially at higher temperatures, general de¬ 
composition occurs. Concentrated nitric acid 
colours both raw and degummed silk yellow, due 
to the formation of xanthoproteic acid. Mineral 
acids in certain concentrations cause the 
degummed fibres to shrink, a phenomenon 
which is utilised in the production of silk erSpes. 
In general, treatment of degummed silk with 
mineral acids results in a loss of tensile strength, 
the extent of the degradation depending upon 


the conditions (Walde and Edgar, Text. Res. 
1935, 6, 460). Organic acids are less destructive 
and are particularly useful for increasing lustre 
and scroop. Of especial interest is the union of 
silk fibroin with tannic acid, which unlike other 
organic and inorganic acids, cannot be removed 
easily from the protein by washing with water. 
As much as 25% of tannic acid may be adsorbed 
from a hot solution, and considerable amounts 
are combined in the cold. Alkalis remove the 
sericin from raw silk, but, if in sufficiently low 
concentrations, do not seriously attack the 
fibroin. At higher concentrations, however, 
the degummed silk loses lustre and tensile 
strength, due no doubt to hydrolysis of the 
main chains as in the case of acid decomposition 
(Walde and Edgar, /.c.). Oxidising agents have 
a destructive effect upon degummed silk, and 
great care has to be taken when using these com¬ 
pounds in industrial practice. Peroxides appear 
to produce less degradation than permanganates 
(Johnson, Walde and Edgar, Jowa State Coll. J. 
Sci, 1936, 11, 5), and consequently are preferred 
for bleaching. On exposure to light, breakdown 
occurs as a result of oxidative fission of linkings 
in the silk molecule. Evidence in favour of this 
view has been provided by Harris (Amor. Dye¬ 
stuff* Rep. 1934, 23, 215), who exposed skeins of 
silk to sunlight for 4 months in a vacuum, and in 
atmospheres of moist and dry oxygen and 
hydrogen. During this period no deterioration 
occurred in the skeins exposed in a vacuum 
or hydrogen, but. those in dry oxygen lost 
about 3%, and those in moist oxygen 10%, 
of their strength. Silk also readil}^ adsorbs 
chlorine gas with the formation of chloramines 
(Trotman, “ Bleaching, Dyeing and Chemical 
Technology of Textile Fibres,’* Griffin, London, 
1925, p. 172), and when moist, is rapidly attacked 
by ozone. 

An interesting property of degummed silk is 
the ease with which it can be regenerated from 
solution in various reagents without substantial 
degradation. The most common solvents are 
alkaline solutions of copper or nickel hydroxides, 
concentrated phosphoric or sulphuric acids at 
low temperatures, liquid ammonia, and con¬ 
centrated solutions of certain salts, for example, 
sodium and calcium thiocyanates, sodium iodide, 
calcium chloride, zinc chloride and magnesium 
nitrate. Addition of ethylenediamine, di- and 
tri-ethanolamine, diguanide, amino acids, or 
poly-hydroxy compounds such as glycerol or 
glucose, effects a great increase in the rate of 
solution of fibroin in alkaline copper hydroxide 
(Takamatsu, J. Soc. Chem. Ind. Japan, Suppl. 
binding, 1933, 86, 662, 668; 1934, 87, 107, 149). 
Regeneration of silk in the form of a synthetic 
fibre is of some importance as it provides a means 
of utilising low quality silk wastes. Solutions 
of fibroin have also b^n recommended for the 
purpose of giving a silk-like finish to cotton 
goods (Watanabe and Ina, Jap. P. 101826). 

Chemical Technology of Silk 
Processing. 

Silk Reeling ^—The sorted cocoons are first 
immersed in hot water, which softens the gum, 
and the outer portions are then pulled away 
until a fibre of the required diameter is obtained. 
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The loose ends of several fibres arc brought to¬ 
gether by the operator and passed through guides 
on to the reel to form threads of a suitable size 
for processing. The product so obtained is 
termed raw silk or griige, and the waste, con¬ 
sisting of short and tangled fibres from the ex¬ 
terior of the cocoons, and of damaged silk, is 
known as floss silk and is used for the manu¬ 
facture of spun silk. Raw silk obtained from 
first-class cocoons is spoken of as organziney 
and that from inferior cocoons as tram. In 
order to give quantitative significance to the 
ease with which silk may be reeled from cocoons, 
the Japanese have introduced the term kaijoy 
which is defined as the weight of raw silk reeled 
per hour under standard conditions (Kaneko, 
Bull. Serieult. Japan, 1031, 4, No. 2, 3). The 
value for the kaijo is dependent upon a largo 
number of facUirs, but it is considered that in 
the case of silk from Bombyx mori, the reactions 
of an aqueous solution of the seri(‘in are indi¬ 
cative of the kaijo. Thus, the a(j,ueous extract 
from cocoons of good kaijo has a higher pn value 
than that from cocoons of poor kaijo, the gold 
number of the sericin solution is high if the 
kaijo is poor and vic^ versay and the emulsifying 
properties of the sericin are best when the kaijo 
is good. If the kaijo is low, the fraction of 
Sericin A in the extract is approximately 40%, 
but when the kaijo is high, the sericin A content j 
varies from 75-7% to 79-2%. The reeling of' 
silk is easier when the isoelectric point of the 
solution lies between 4-25 and 4*4, and is 
said to be improved by a preliminary treatment 
of the cocoon in a dilute solution of ammonia 
followed by dilute sodium hydroxide solution 
(Scott, Amer. Dyestuff Rep. 1934, 23, 217). 

Soaking. —This process consists in softening 
and lubricating raw silk by soaking in an oil 
emulsion preparatory to the operation of throw¬ 
ing (twisting) and subsequent weaving or knit¬ 
ting. The older practice was to soak the fibres 
overnight at 80-100'’F. in an emulsion of neats- 
foot oil and soap, afterwards removing the 
excess liquor by hydroextraction, and drying at 
a temperature below 1(K)°F. As a result of the 
development of the sulphonated oils, it is now 
possible to substitute sulphonated neatsfoot oil 
for soap, and to use mineral oil with this com¬ 
pound. Further advances include the use of 
wetting agents such as alkylated naphthalene- 
siilphonic acids, sulphonated abietenes and 
derivatives of glycol, and the use of sodium salts 
of sulphonated esters of fatty acids or acid 
amides, or the sodium salts of fatty alcohol 
sulphonates, as substitutes for soap or sul¬ 
phonated oils. It is essential that oil used for 
this purpose should not be liable to oxidation, 
and that sulphation should be carefully con¬ 
trolled. A recent patent (U.S.P. 2129904) 
protects the use of a soaking bath containing 
the oil as a negatively charged disperse phase, 
to which is added a discharging agent such as 
ammonium, sulphate, fluosilicates or certain 
acids, thereby causing the oil to be deposited on 
the fibre. 

Degumming. —Degumming is the technical 
term for the operation of removing sericin, etc., 
from the raw silk fibre, thus producing the 
lueftrous fibroin. Whilst it is customary to 


remove the whole of the gum, in special cases a 
considerable amount is left on the fibre, Souple 
silk, for example, is raw silk from which 
8-12% of the gum has been removed, and Ecru 
silk is obtained by treating the raw material in 
lukewarm water, thereby removing 3-4%^ of 
sericin. In the usual methods of degumming, 
not only is it necessary to remove the whole of 
the sericin, but also the natural fats, waxes and 
pigments, and, in certain cases, the oils added to 
assist processing. The reagent most frequently 
used for this purpose is a hot soap solution. A 
soda ohve-oil soap is normally employed because 
of the comparative ease with which it can be 
washed out of the silk, although certain ad¬ 
vantages are claimed for the more expensive 
potassium and triethanolamine soaps. It has 
been found that the beat results are obtained 
when the process is carried out between Pn 
1()*0 and 10‘5 (Mosher, Amer. 8ilk J. 1930, 49, 
No. 7, 53; No. 8, 54; No. 9, 59) and at a tempera¬ 
ture of 200-2lO^'F. Although the time required 
for degumming varies with the nature of the silk, 
treatments of 1 to 2 hours’ duration in a boiling 
soap solution at pn 10-2 are quite effective. 
The possibility of degumming in alkaline solu¬ 
tions of cheaper reagents such as caustic soda, 
sodium carbonate, sodium silicate and sodium 
phosphate has often been contemplated, but 
the fibroin thus produced is liable to lack lustre 
and to retain some of the natural waxes. The 
use of alkalis, together with sulphonated oils, 
and of buflbred alkaline solutions has also 
received attention. In addition, enzymes such 
as trypsin, pepsin and papain, bacterial pro¬ 
teolytic ferments, yeast enzymes, diastase from 
soy wort and preparations from the digestive 
organs of fish, are employed, but these are rarely 
able to effect complete removal of sericin, and 
it is therefore advisable to give a short pre¬ 
liminary treatment in hot acid or alkaline liquors, 
or a subsequent mild soap degumming. Enzyme 
degumming, which is carried out at compara¬ 
tively low Ph values and at a low temperature, 
is particularly applicable to the removal of 
sericin from silk contained in union materials, 
e.g. silk in admixture with cotton or wool. In 
the case of silk in silk-wool mixtures, where it is 
inadvisable to use solutions of high values, 
a method of acid degumming at p^ 1 •75-2*6 
tends to minimise damage to the wool. 

Weighting. —Silk has a great affinity for salts 
of certain metals, and advantage is taken of this 
property to increase the weight of silk goods, 
stannic chloride being the salt most com¬ 
monly employed for this purpose. The silk to 
be weighted is subjected to alternate soakings 
in solutions of stannic chloride and sodium 
phosphate, and washed after each treatment. 
When sufficiently weighted by this means, it is 
treated with a solution of sodium silicate and 
then washed to remove the excess reagent. 
Views on the mechanism of the process are 
many and varied (Heermann, Ristenpart— 
two series of papers by these authors in Farben- 
Ztg. 1903-1909; Sisley, Chem.-Ztg. 1911, 621; 
Ley, ibid. 1912, 1406; Fichter and MtiUer, 
Farben-Ztg. 1916, 26, 263, 274, 289; Scott, 
Amer. Dyestuff Rep. 1931, 20, 18, 39, 40, 43, 
517, 657, 591, 621), but it would appear that the 
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staxmio chloride combines with the silk to form i and by positive reactions on application of the 
an additive compound which is subsequently usual tests for proteins. It may be distinguished 


hydrolysed on washing with the production of 
free hydrochloric acid and stannic oxide, which 
is retained by the silk. Further treatment with 
sodium phosphate and silicate results in the 
formation, on the fibre, of a tin silico-phosphate 
complex of indefinite composition. There are 
numerous modifications of this procedure, but 
in general, immersion in some solution of a 
metallic salt is followed by treatment with a salt 
which will react to form an insoluble precipitate 
in or on the fibre. Sodium chloride, calcium 
acetate and certain carbonates or sulpho- 
cyanates may be added to the stannic chloride 
bath, and ammonium hydrogen phosphate sub¬ 
stituted for sodium phosphate. A preliminary 
treatment of the fibre with formic acid, chloro- 
acetic acid or 26% hydrochloric acid is some¬ 
times advantageous. When lead salts are used 
for weighting, the silk is subjected to one or two 
cycles of alternate tin and phosphate treatments, 
then acidified with dilute acetic acid, and 
treated with a solution of lead acetate followed 
by fixation with sodium phosphate. Lead 
acetate may be replaced by lead chloride if other 
modifications are also introduced. Basic alumi¬ 
nium nitrate, chromium compounds, antimony 
chloride, iron salts, ammoniacal zinc acetate, 
rare-earth metal salts, and various organic sub¬ 
stances (e.gr. gelatine, dextrose, logwood and 
tannins) are further examples of the many 
reagents which are employed, I'ractically all 
weighting materials have a deleterious effect 
on silk, and weighted silks deteriorate more 
rapidly than unweighted (Johnson and Edgar, 
Iowa State Coll. J. Sci. 1936, 11, 6). The 
presence of weighting may often be detected 
quite simply by igniting the fibre, which, if 
heavily weighted, v^l not inflame, but gradually 
smoulder away, leaving a coherent ash which 
retains the original form of the fibre. The 
percentage of true silk in a weighted sample is 
most accurately determined by estimating the 
total nitrogen content by the Kjeldahl process, 
but since the weighting material may also con¬ 
tain nitrogen, for example, gelatin and Prussian 
blue, this must first be removed by boiling in 
acid and in alkali. Complete analysis of a 
sample of weighted silk is complicated by the 
immense variety of possible weighting agents, 
and the accuracy is impaired by the uncertainty 
of the correction to be applied for the loss of silk 
substance at the different stages. Details of 
such analyses are given in Allen, “ Commercial 
Organic ^alysis,” 6th ed. 1933, X, 222. 

T^he final processes in the manufacture of silk, 
are dyeing and finishing, and many diverse 
effects, such as modification of transparency, i 
lustre and handle, may result from these opera¬ 
tions. The fibres rea^y adsorb both acid and 
basic colours. Vat dyes, mordant dyes and log¬ 
wood blacks are widely used in silk dyeing, and 
direct and basic colours in printing (v. Vol. IV, 
144). 

Testing. 

(a) DeienntTuUion of Silk in Admixture %oiih 
other Qualitatively, silk may be de¬ 

tected by its appearance under the microscope 


fi*om the wild silks by a greater reactivity, being 
more soluble in boiling concentrated hydrochloric 
acid, concentrated potassium hydroxide and 
ammoniacal copper hydroxide. Quantitative 
methods of estimating silk in admixture with 
other fibres are based upon preferential solution 
of the silk fibres. A reagent made by dissolving 
10 g. copi)er sulphate in 140-160 ml. water, 
adding 8-10 g. glycerol, and then pouring in 
sodium hydroxide solution until the precipitate 
is just redissolved, is capable of dissolving silk 
entirely, but removes only 1-0-1 *5% by weight 
of cotton and 9-16% by weight of wool. A 
boiling solution of oxychloride of zinc is another 
preferential solvent, and Richardson claims that 
an ammoniacal solution of nickel oxide is also 
satisfactory. Silk dissolves in the cold in the 
latter reagent, whilst cotton loses 0-45% of its 
weight and wool 0-33%, but for analytical pur¬ 
poses, it is recommended that solution should 
be carried out at the boil. Full details of these 
tests may be found in Allen, op, cit., p. 217. 

(b) The Measurement of Damage .—The term 
damage includes modification of the protein 
by acids, alkalis, oxidising agents, light, steam 
and dry heat, and it is doubtful whether all 
the methods which have been deidsed for its 
detection and estimation yield comparable 
results. Measurements of wet and dry tensile 
strength and elongation have been extensively 
employed (Johnson and Edgar, /.c.), and micro¬ 
scopic observation is a useful qualitative indi¬ 
cation. Kaneko (J. Agric. Chem. Soc. Japan, 
1937, 13 , 217) has advocated the use of Zimmer- 
mann’s reagent (a solution of o-phthalaldehyde 
made acid with hydrochloric acid), since this 
gives no colour with degummed and undamaged 
silk, but produces a violet coloration with 
damaged silk or silk gum. Determinations of 
total nitrogen content and amino-nitrogen con¬ 
tent have also been carried out as an indication 
of damage (Harris, Amer. Dyestuff Rep. 1934, 
23 , 403; 1937, 26 , 650), but probably the most 
satisfactory method involves measurement of the 
viscosity in zinc chloride solution of specific 
gravity 1-67. The original method of Trotman 
and Bell (J.S.C.I. 1935, 54 , 141T), as modified 
by Tweedie (Canad. J. Res. 1938, 16 , B, 134), 
consists in placing 2-60 g. of silk (of standard 
regain) in a flask and adding 100 ml. zinc 
chloride solution d*® 1-67. After dissolving the 
silk by warming in an oven at 45*^0. for 3 hours, 
the flask is cooled and the viscosity measured at 
20°C. Undamaged silk gives viscosities of 19-24 
centipoises, but damaged material gives values 
lower than 19. The viscosity is decreased only 
when silk has been damaged by chemical means, 
mechanical damage having no effect (Shinkle, 
Amer. Dyestuff Rep. 1939, 28 , 374). 

General References. —Scott, “Chemistry of 
Silk and Silk Processing,” Amer. Dyestuff Rep. 
1934, 23 , 217, 263, 283, 330, 339; 1936, 26 , 
461; 1937, 26 , 766; 1938, 27 , 710; 1939, 28 , 
501. Denham and Crummett, Survey of Re¬ 
cent Progress, I Textile Fibres—Silk, J. Soc. 
Dyers and Col. 1925, 41, 19. Annual Re^rts 
for Applied Chemistry, Society of Chemistry 
and Industry. Matthews, “ Textile Fibers,” 
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4th ed., Wiley & Sona, New York, 1924. Trot- 
man, “ Bleaching, Dyeing and Chemical Tech¬ 
nology of Textile Fibres, ’ Griffin, London, 1925, 

C. S. W. 

FIBRES, ANIMAL, WOOL AND RE- 
LATEDFIBRES. Mode of Growth—knimoX 
fibres, such as wool and hair, grow from the base 
of a follicle or tube-like depression in the skin, as 
shown in Fig. 1 (Duerden, J. Text. Inst. 1926, 
17, T268). That part of the fibre which projects 
beyond the surface of the skin is known as the 
shaft, and the portion embedded in the skin is 
callecl the root. At its lower end, the root ex¬ 
pands into a bulb, into which projects the papilla, 
formed from the dermis. Growth of the fibre 



Fia. 1 . 

a. r.m., arrector pili muscle, f.g., fat gland. 

b. L, basal layer. h.s., lialr shaft. 

c. g., coil gland. i.r.s., inner root sheath, 

cor., cortex of fibre. med., medulla. 

der., dermis of skin. o.r.s., outer root sheath, 

epidermis of skin, pap., papilla. 

takes place by the formation of cells at the base 
of the follicle, in the neighbourhood of the 
papilla, the fibre being extruded as more cells 
develop below. The contents of the cells are'at 
first fluid, but changes occur during their passage 
up the root sheath. Such changes result in a 
hardening or keratinisation of the structure, and 
the cross-sectional area of the fibre diminishes 
progressively as shown in Fig. 1. 

As it emerges from the skin, each fibre is 
coated with a layer of fat derived from the 
sebaceous gland, which o^ns on to the fibre 
near the surface of the skin. In addition, the 
fibres are contaminated with suint from the 
sudoriferous or coil glands. The latter may 
emerge alongside the fibre, as shown in Fig. 1, 
or at the surface of the skin away from the 


fibre. In its raw state, therefore, wool is con¬ 
taminated with wool fat and suint, the former 
containing esters of cholesterol, and the latter 
potassium salts of organic acids. Since both 
suint and wool are hygroscopic, the greasy wool 
contains water, as well as dirt and vegetable 
matter. 

Greasy wool may be readily analysed by 
Wilson’s procedure "(J. Text. Science, 1926, 99; 
1927, 10). A known weight is extracted first 
with ether to remove wool fat, and then with 
water to remove suint. Coarse mineral matter 
may then be removed from the residual wool by 
teasing it out under water. The mineral matter 
settles to the bottom of the vessel and may be 
collected, dried and weighed. After being 
allowed to dry in the air, the washed wool can 
be freed from vegetable matter by means of 
forceps, and the dry weight of clean wool 
estimated, either by drying in a stream of dry 
air at 105°C., or by exposure to phosphorus 
pentoxide in vacuo. 

Typical analyses of greasy wool are given in 
Table I (Veitch and Benedict, Trans. Amer. 
Inst. Chem. Eng.. 1924,16, Pt. 2, 259). 


Table 1. 


Wool 

quality. 

No. of 
8 amph*s. 

Mois¬ 

ture. 

Wool 

fat. 

Suint. 

Fines . 

93 

% 

5 0 

% 

17*4 

/o 

140 

i blood 

48 

5-5 

12-7 

16-2 

Medium 

29 

50 

1 10-5 

14*7 

I blood 

44 

6*3 

9-8 

10*8 

J blood 

38 

7-0 

8-6 

15-4 


On the average, therefore, the fat content of 
greasy wool increases with the quality (fineness) 
of the fibres, but the suint content is sensibly 
independent of wool quality. 

Dimensional Characteristics .—Wool fibres vary 
considerably in length, fineness and crimpiness, 
not merely from one type of wool to another, 
but even within a single staple. The average 
fibre-length of Shropshire wool, for example, is 
only 2-5 in., whereas that of Wensleydale wool 
is 12*7 in. In the case of Shropshire wool, the 
variation in length is from 1-75 to 3*25 in., and 
in the case of Wensleydale wool from 6-5 to 16*0 
in. (Barker, J. Text. Science, 1924, Ist Special 
Issue, 33). There is no simple relationship 
between fibre-length and wool quality, as esti¬ 
mated by the grower, but the fineness of the 
fibres, and the number of waves or crimps per 
inch, increase with increasing wool quality, as is 
indicated by the data for Merino wools given in 
Table II (Duerden, J. Text. Inst. 1929,20, T93). 

The origin of crimpiness in wool is as yet un¬ 
known, but a highly significant observation was 
made in 1928 by Lefroy of Walebing, West 
Australia (quoted by Barker and Norris, ibid. 
1930, 21, Tl). He noticed that in a certain lock 
of wool, which had been allowed to grow for 
twelve months, the number of crimps produced 
in each successive period of 4 months was 
constant, but the length of wool produced in the 
various periods, and therefore the size of the 
crimps, was distinctly variable. This observa- 
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(duality 

Number. 


Above 12()\s 
120'h 
IOO'h 
90\s 
SO's 
7()'s 
60’b 
()4’h 
bO’s 
58’s 
50'k 


Table II. 


Thickness 

limits. 


J4 0-14-7 

14- 7-15-4 

15- 4 JO-2 
l0-2-i7-O 
170 17-9 

17- 9-18-9 

18- 9 20-0 
200-21-3 
21-.3-23-0 
23-0-25-5 
25-5-29-0 


Crimi>8 per in. 


28-30; 27-30 
25-27; 24-27 
22-24- 21-24 
20-21 ! 19-21 
18 19; 17-19 
10 17; 15-17 
14-15; 13-15 
12-13; 11-13 
10-11; 9 11 

8- 9; 7- 9 

0- 7 ; 5- 7 


tion that erimj) i.s a periodic function of time 
was afterwards confirmed by Norris and Rens- 
burg {ihid. 1930, 21, T481), wlio dett'rinined th(‘ 
number of erimj)s in fi])res of vuryinij; length 
taken from a single staple, d’ypieal results an- 
given in Table* 111 for a 00's-04’s ('aj)e Merino 
wool. 


Table 111. 


c'ligl li Kroup 
(cms.). 

Mean numb 

t'r of < riiups. 

Per fibre. 

1 Per em. 

9 -10 

45 

4-74 

10-1-11 

43 

4-10 

111-12 

43 

3-75 

121-13 

45 

1 3-00 

13-1-14 

45 

3-33 

14-1-15 

45 

3-10 

15-1-10 

40 

2-97 


Microsr-oplc Appoarancc. —I’nder the niiero- 
seope, animal fibres are seen to be eov(*re(l by a 
layer of overlapping scales, which apjiear to vary 
in size and shape as shown in Fig. 2 (Manby, 
d. Roy. Mieroseop. So(*. 1933, 53, 9). According 



(I h c d 

Fig. 2. 

a Leicester wool. 
b Moullon wool. 

c, d OrnithoryticJnis anatmus fur hair. 


to Nathusius, however, the size and nature of 
the cells of the cuticle are the same for various 
VOL. V.—7 


types of word, the different appearances of 
dift'erent types of hbre^ being due to variations 
in the rate of growth relative to the number of 
scales formed, and, therefore, in the extent to 
which ea(‘h scale overlaps another. 8ueh varia¬ 
tions are clearly indi(-ated by tlie data of 
Table IV (Hoffmann, dahrb. Landw. 1925, 61, 
Pt. 5). 

Table IV. 


Wool. 


Lei(‘ester . 
Southdown 
Eskurial 
French Merino 
Rhon . . . 

Hampshire 


; No. <»!'scak-s 
! JU T- J .()0(),()00/x“ 
i surface. 


1,510 

2,090 

2,937 

2,054 

2,948 

3,023 


.Aceording to Hoffmann (i.c.) the surfact* area 
o<-cuf)icd by each scale is (-haractciistic of the 
bleed of sliei*]). 

A}>art from the surhice scale structure, little 
else is to be seen und<*r the microscopi*, ext-ept 
in the case of hairs and coarsi- wools, whidi may 
show dark islands or continuous bands, patterned 
in various ways, along the fibre axis. tSueh is¬ 
lands or bands constitute the medulla, which 
c-onsists of hollow cells, 'The a])})earanee of a 
number of medulla ted fibres, ])}iotc)grapbed by 
transmitted light, is sluown in Fig, 3, the* dark 



Fig. 3.—Mkdiillated Wool Fibres. 

appearance of the medulla being due, of course, 
to scattering of light by the hollow- cells. True 
wool contains no medulla, which is characteristic 
of the hairs, hut since the covering of the primi- 
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tivi‘ yhocp oonKisted of two c-oats an outer coat 
of hair and an under eoat of wool - -there is 
alwayH a tendcuiey for medullated tibn'H to re¬ 
appear in the Heeee. This tendtMiey is naturally 
most pronouneed in tlu^ Mountain breeds of 
sheep, wbieli are (*xposed to sc-verc* elimatie (‘on- 
ditions, and their lleee('s (‘ontain a large pr(>))or- 
tion of highly niedullated hbies, known as kcvijh'^. 
The hollow' eliaraeter of nH'dullary eells is W'ell 
illustrated by the photoinierograph of a. eross- 
seetion of a keinpy fibre in Fig. 4. When a 



Fio. 4. - Cross-SectIONS oi< Kkmv Pibkes. 


1908, p. 244, analysed four wools and obtained 
the data given in I'able V^. 

Tabi.e V. 



liiucolii. 

wool. 

Irish 

wool. 

- 

Nortlmni- 

berlarid 

Wool. 

8oiitb- 

dow’ii 

wool. 

Carbon . 

52-0 

49-8 

.50*8 

51*3 

llydrog<‘n. 

6-9 

7-2 

7*2 

6*9 

Nitrog(‘ii , 

18-1 

191 

18*5 

17*8 

Oxygen 

20-3 

19-9 

21-2 

20*2 

Sulphur . 

2-5 

3-0 

2*3 

3-8 

I.oss . 

0-2 

1-0 

— 



Too great reliance should not be placed on the 
data, however, because the wools were soap- 
scoured, and it was not then known that adsorbed 
soap is retained by w'ool, t^ven alter prolonged 
w'^ashing in running water. 

Mor(‘ reliabk‘ data for tin* nitrogen and sulphur 
contents of animal fibres have since been ob- 
taiiK'd by other ()bHerv('rs using raw wool which 
had been purified by extraction with benzene at 
a low temperat ure, followed by washing in water. 
Sonn* of Barritt's ri'sults (J.S.(M. 1928, 47, h9T) 
for the nitrogen content of different fibn‘s are 
given in 4’able \T. 


kempy w'ool is dyed, the kemps in certain (uises 
seem to remain uneoloured, but the eff(;et is an 
optical illusion because a higher proportion of 
white light is reflected by the hollow cells. 

Between the cuticle and the medulla of hairs 
and medullated fibres, and within the cuticle of 
non-medullated fibres, is the cortex. This con¬ 
sists of cortical ctdls which are not to be dis¬ 
tinguished under the microscope but may bt‘ 
isolated in various ways. Nathusius n'vealed 
their presence by treating wool with dilute 
ammonia at a low f em])erature for many days: 
when pressure w as applied to the treated fibres, 
they disintegrated into their constituent eells. 
Waters (New Zealand J. Agric. 192,‘h 1, 3.5) 
showed that a bactei'ium isolated from “ }unk 
rotted ” wool is capable of disintegrating sound 
wool under aidifieial conditions, l^se was made 
of the bacterium by Gabriel (d. Text. Inst. 1932, 
23, T171) to isolate the cortical cells of Merino, 
Romney and laneoln wools. On examination, 
the cells were found to vary in length from 
about 70 to 150{x in each c ase, but the average 
length (400-500 observations) seemed to bo 
independent of wool quality. The values ob¬ 
tained were 106-9, 108 and I I4/i for the Merino, 
Romney and Lincoln wools, resyiectively. 
Finally, Burgess {ibid. 1934, 25, T289) showed 
that a 0-25% solution of trypsin at pn 8-6 will 
disintegrate wool in about 2 days at 35--40®C. 
The main interest of these methods is that they 
allow the cortical cells, which are not visible 
under the microscope, to be isolated and 
examined, but the cuticular scales are, of course, 
isolated at the same time. 

Chemical Composition. 

Elementary Analysis. —Bowman, “ Structure 
of the Wool Fibre,"' MacMillan & Co., Ltd., 


Table \’1. 


Kibo' 


on dry w-t*iuht). 


Alpaca (black) 

Alpaca G>row’n) 

Alpaca (white) 

Dog wool .... 
Rabbit wool . 

Mohair (fine) . 

Mohair (coarse) 

Lincoln wool (white) . 
Lincoln wool (yellow) 
Australian Merino lamb 
Monte Video wool 


1.5*85 

le-oc 

17*00 

16*44 

16-72 

16-83 

16-70 

16-80 

16-62 

16- 73 

17- 07 


The nitrogen content of animal fibres, even the 
nitrogen content of different wools, is distinctly 
variable. More definite evidence of the variable 
composition of animal fibres is afforded by the 
results of sulphur determin.ations. 

Originally, Trotman and Bell (ibid. 1926, 45, 
lOT) claimed that the sulphur content of different 
wools was practically constant, the maximum 
value being 3-42% and the mean of 40 experi¬ 
ments 3-22%. Two years later, Marston 
(Bulletin No. 38, 1928, Commonwealth of 
Australia (k)uncil for Scientific and Industrial 
Research) lent support to this view, but he 
found the sulphur content of Australian wools 
to lie outside Trotman’s range, between 3-59 
and 3-62%. In the meantime, however, Barritt 
and King (d. Text. Inst, 1926, 17, T386) had 
shown the sulphur content of both wool and 
mohair to be decidedly variable. Because of 
the discrepancy, Barritt and King re-examined 
the question (ibid. 1929, 20, TI51) and their re- 
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suits for 94 types of fibre leave no doubt that the 
sulphur content of animal fibres is definitely 
variable. Selected data are given in Table VII. 


Table Vll. 


Fibn‘. 

Sulphur 
(‘ontent 
(*^0 on dry 
weight). 

Alpaca (black). 

3-90 

Alpaca (brown). 

4-35 

Alpaca (white). 

3-93 

Dog wool. 

5-07 

Babbit wool (agouti) .... 

4 .30 

Rabbit w'ool (black). 

414 

Turkey Mohair (fine) .... 

3-39 

Turkey Mohair (coarse' medullated) 

3-03 

English Lincoln wool A. 

1 310 

English Lincoln wool B. 

3-29 

Australian Merino wool (ram) . 

3-88 

„ (ewe) . . 

3-91 

(ewo) . . 

3-4() 

Wh'lsh Mountain w'ool F5 . 

4-00 

. R95 . . . 

413 

„ „ „ SIO . . . 

3-75 

Scotch Blackface (litu') .... 

3-82 

,, ,, (medullated). 

3-.33 

,, ,, (komps) . 

3-24 


Not only does the sulphur content of different 
types of fibre vary, but even the sulphur cont ent 
of different wools may vary by as much as 
(from ‘I* 10 for Englisli fincoln wool to 4 l‘l for 
Welsh Mountain wool). 

Wool contains about of methionim' 

(Barritt, Nature, 19‘fl, 131, 98f)), but apart from 
this the whole of tlie sulphur present ean Im* 
accounted for as cystine (Rimington, Biochem. 
*1. 1929, 23, 41). Thus the above variations in 
the sulphur content of animal fibres imply (*or- 
responding variations in cystine content. Al¬ 
though the composition of wool dejiends t(* a 
considerable extent on its origin, it might b<* 
assumed that the properties of the fibre (‘ould 
be studied by rcstri(’ting attention t() one kind 
of wool in order to eliminate variations in loin- 
position. Unfortunately wool fibres vary in 
composition along their lengtli, as is indicated 
by Ihmsnm’s data (d. Text. Inst. 1931, 22, 
T3()5) for the sulphur content of tip, middle 
and root sections of single staples taken from 
veld-grown Cape Merino fleeces (Table VHI). 

Table VIII. 


Fraction. 

Suliihur ( 4 >nteiit 

C-o on dry weight). 

Tip. 

3-99 

Middle. 

3-93 

Root. 

3*81 

Tip. 

3-54 

Middle. 

3-38 

Root. 

3-71 

Tip. 

3-92 

Middle. 

3'44 

Root. 

1 

3-71 


Such variations in (.omposition along the length 
of the stapk' were shown to be ndated to the 
nutritional value of the pasture at th(' time each 
section W'as grown : the higher the nutritional 
value, the higher thf? sulphur content. 

\'ariation in compositif)n along the length 
of the sta-pU' may also result from the action 
of light and air on the tip section, which is 
inevitably exposed to light during growth. 
The existence of damage oi this kind was recog¬ 
nised by von Bergen (Tcxtilb(‘r. H)23, 4 , 23; 
192r), 6, 745 ; 1929, 7, 451), but its extent is best 
illustrated by data (Table IX) for the sulyjhur 
contents of tip, middle and root s(‘ctions of New 
Zealand ]U)mney wool (MciMahon and fSpeak- 
man, Trans. Faraday Stx'. 1937, 33, 844). The 
staj)lcs w'cre taken from a single animal, part of 
w'hos(‘ fleece had been fitted with a fabric cover. 
Whereas the britch and neck wools were freely 
exposed to light during the whole period of 
growth, that from flic side was yu’otecterl by the 
cover. 

Tabi.k IX. 


Siilnlmr Lontciit ( "r, oil dry ) (tl ■ 

Biifch Xcck I Side 

(<‘xposc(l), (I’xposcd). j (coN'cn'd). 

Tip. . . 2-78 2-83 I 3-27 

Middle. . 3-29 318 | 323 

Root . . 3-45 3-55 j 3-53 

Thus about 142o of the total sulpluir in the tip 
wool js lost wIk'U the fibres arc cxposial to light 
during growth. Tlie loss was shown to be due 
to attack on the c\ stim* bond as follows : 

RCH^ S S CH2R4 H2O 

RCHjjSH J RCH.S OH. 
RCHgS OH RCHO 1 H.^S. 

Ultimately, the hvflrogcn sulphide^ is, of course, 
converted to suljihur dioxide and sulphuric acid. 
For exjierimental work on intact wool fibres, 
therefbr(‘, only the root (aids must be used. 
Even if such wool w(‘r(‘ grown under carefully 
controlled conditions, however, its composition 
would still bt* variable, because the different 
types of c<4l in the film' differ in constitution. 
Refenmce to the data for Scotch Blackface wool 
in Table Vll shows that, as the degn^e of medul- 
lation of a fibre increas(*s, the sulphur content 
decreases. This observation led Barritt and 
King (/.c.) to suggt‘st that the medullary cells 
are either free from or dcdicient in sulphur. 
.Iordan Lloyd and Marriott (Biochem. d. 1933, 
27 , 911) have substantiated this dedindion in 
the case of goat hair. Tlu^y discovered that the 
cuticle and cortex of animal hairs are dissolved 
by 4A'-caustic soda solution, whereas the 
medulla remains undissolved and apparently 
intact. The sulphur content of the latter was 
found to be 0-23%, wdiilst that of the cortex and 
cuticle was 3*90%. King and Nichols (Trans. 
Faraday Soc. 1933, 29 , 272), from consideration 
of the shape of the folli(‘le and the accessibility 
of its various parts to the blood stream, have 
siiK^e argued that there should be a sulphur 
gradient from the outside of the fibre to the 
inferior, the cuticle containing the most, and 
















100 


FIBRES, ANIMAL, WOOL AND RELATED FIBRES. 


the axis the least, sulphur. No evidence was 
advanced in support of the hypothesis, which 
seems to be untrue l)ecau8e Chamberlain (J. 
Text, Inst. 1932, 23 , T13) showed that when 
human hair, having a sulphur content of 5 02%, 
was descaled until it had lost as much as 15-3% 
by weight, the sulphur content of the residual 
descaled hair remained unchanged at 5*02%. 
The fibres were, of course, non-medulla ted. 

Although the scales and cortex do not, there¬ 
fore, differ as regards sulphur content, cystine 
is not distributed uniformly over the cross- 
section of a non-medullated fibre. Stakheyewa- 
Kaverznewa and Gavrilow (Hull. Soc. chim. 
(Memoires), 1937, 4 , 647) have, for example, 
shown that the cells isolated from wool by means 
of panereatin possess a sul[)hur content of 3*05% 
compared with 2-91% for the original wool. 
Similarly, Spcakman and McMahon (Nature, 
1938, 141 , 118) found that the sulphur content 
of the cells, isolated from an Australian merino 
wool by means of trypsin, increased with in¬ 
creasing time of retting from 3-61% after 
14 days to 3*87% after 30 clays, the sulphur con¬ 
tent of the original wool (intact root ends) being 
3*51%. The intercellular phase which is re¬ 
moved in both sots of experiments is clearly 
deficient in sulphur. 

Finally, even though scales and cortex have 
the same sulphur content, they do differ in 
composition, as may be shown by means of the 
Pauly test for histidine and tyrosine (Mark, 
“ Beitragc zur Kenntnis der Wolle Jind ihrer 
Bearbeitung,” 1925, p. 41; Burgess, J. Text. 
Inst. 1929, 19 , T315; Rimington, ibid, 19.30, 21 , 
T237). Both these amino-acids give a reddish- 
brown coloration with diazobenzenesulphonic 
acid, but, although they are known to be present 
in wool, intact fibres give no colour with the 
reagent, except at the cut ends. In the case 
of chemically or mechanically damaged fibres, a 
coloration is obtained wherever the cortex is 
exposed, but the cuticle itself remains unstained. 
Hence the cortex of animal fibres contains 
tyrosine and/or histidine, whereas the cuticle 
appears to contain neither. 

From this brief survey of analytical work on 
animal fibres, it is evident that they show 
bewildering variation in composition. By the 
methods described below it has, however, been 
possible to elucidate a skeleton structure— a 
highest common factor of structure—which is 
capable of ready adaptation to include the varia¬ 
tions in the composition of animal fibres. 

Amino-Acid Analysis ,—^The argument com¬ 
mences with the fact that when animal fibres 
like wool are boiled with 20% hydrochloric acid 
solution for several hours, they are broken down 
into the constituent amino-acids, which have the 
general formula: NHgCH(R)COOH . The 
radical E may be inert, e,g, glycine; basic, e.g. 
arginine; or acidic, e.g. glutamic acid. By 
suitable chemical methods, the various amino- 
acids present in the hydrolysate may be 
separated, isolated and estimated (Lloyd and 


Shore, “ Chemistry of the Proteins,” Churchill, 
1938, p. 101). The results obtained by various 
observers with wool are summarised in Table X. 



Table X. 

Substance. 

Amount (g.) isolated from 

100 g. dry wool. 

Glycine . 

O-fi (A & V). 

Alanine . 

4-4 (A & V). 

Valine 

2-8 (A & V). 

Leucine . 

11-5 (A & V). 

Serine. 

2-9 (A & V). 

l^roline 

4-4 (A & V). 

(’ystine 

131 (M), 15-5 (calc.). 

Aspartic acid. 

2-3 (A & V) ; 7-27 (S & T). 

Glutamic acid 

12-9 (A &V); 15-27 (S&T). 

Arginine . 

10-2 (M); 7-8 (V & B) ; 8-0 (V 
& 1.) human hair. 

Lysine 

2-8 (M); 2-3 (V & B) ; 2-5 (V 
& L) human hair. 

Histidine' . 

0-9 (M) ; 0-7 (V & B) ; 0-9 (V 
& L) human hair. 

Tyrosine . 

4-8 (M). 

Tryptophane. 

1-8 (M). 

Amide nitrogen 

1-2 (M); 1-37 (S & T). 


References: Abdnrlialclcn and Voitinovici, Z. phys¬ 
iol. Them.; 1907, 52 , .308: Marston (Lc.); Vickery 
andBlock, J. Biol. Vhem. 1930,86, 107; Vickery and 
liPavenworth, ibid. 1920, 83 , 523; 8peakinan and 
Townend, Nature, 1937, 139 , 411. 

Note: The second, calculated, value for cystino is 
derived from the sulphur content of Welsh Mountain 
wool, p. 99, Table VII, on the assumption that the 
whole of tlie sulphur is present as cystine. 

Vickery and Block's data for the basic amino- 
acids in wool were obtained by isolating the acids 
from the hydrolysate, and the resuits are pro¬ 
bably low, especially as they fail to account for 
the acid-combining capacity of wool. Marston’s 
values for the arginine and lysine content of 
wool were obtained by indirect methods and are 
probably more reliable, but his value for the 
histidine content is incorrect. Finally, Abder- 
halden and Voitinovici’s determinations of the 
dicarboxylic acids are low because they were 
made before improved methods of estimation 
had been evolved. Selecting the more reliable 
data, wherever a choice is possible, the results 
of Table X indicate that from 100 g. dry wool, 
85 g. amino-acids have been isolated and identi¬ 
fied. The analysis is, however, less complete 
than such a statement would indicate, because 
the fibre is formed from the amino-apids with 
elimination of water, as indicated below. 

In agreement with Fischer’s views, the results of 
X-ray and chemical studies of the structure of the 
wool fibre indicate that the latter consists of long 
polypeptide chains, which are formed by the con¬ 
densation of the amino-acids through a-amino- 
and their associated carboxyl groups as follows: 
R4 


CO—C H—N H—CO—i H—N H—CO—C H—N H—CO—i H—N H 
Pi 
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where R^, R 2 , R 3 . R 4 represent the side chains 
characteristic of the various amino-acids in the 
chain. The long molecules are arranged approxi¬ 
mately parallel to one another and to the length 


of the fibre, and it is now generally recognised 
that the peptide chains are linked together in 
one plane by cystine and salt linkages as shown 
in Fig. 5. 
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The analytical data of Table X indicate that 
the acid and basic side-chains of wool are equi¬ 
valent : the aspartic and glutamic acids present 
in wool are equivalent to 22*10 mg.N/g. 
wool. After deducting amide nitrogen (13*7 
excess of free acid side-chains is 
equivalent to 8*4 mg.N/g. For combination 
with the amounts of arginine, lysine and histidine 
isolated by Vickery and Block, dicarboxylic acid 
equivalent to 8*55 mg.N/g. would be required. 
Even if the maximum combining capacity of 
wool for hydrochloric acid is taken as a measure 
of the basic amino-acid content, the amount of 
dicarboxylic acid needed for combination is 
only 11*2 mg.N/g. Expressed in another 
way, the amide nitrogen and basic amino-acids 
present in wool demand a dicarboxylic acid 
content of 24*9 mg.N/g., as compared with 
the isolated amount of 22*19 mg.N/g., if the 
/rec acid and basic side-chains are equivalent. 
Such close agreement is sufficient to establish 
the equivalence which was originally postulated 
in order to explain the elastic properties of 
animal fibres in media of varying pn (Speakman 


and Hirst, Trans. Faraday Soc. 1933, 29, 148). 
The fact that the free acid and basic side-chains 
are combined to form salt linkages as shown in 
Fig. 5 was deduced from the preceding investi¬ 
gation, and confirmed by determinations of the 
titration curve of wool (Speakman and Stott, 
ibid, 1934, 30 , 539), and by examining the elastic 
properties of de-aminatod fibres in media of 
varying pu {idem. Nature, 1938, 141 , 414). 

That the polypeptide chains in wool are 
bridged by cystine linkages as well as salt 
linkages secerns probable from first principles, 
and is supported by the resistance of the fibre to 
swelling and solution in acids. As shown in 
Fig. fi, the increase in diameter of Cotswold 
wool fibres on transference from water to hydro¬ 
chloric or sulphuric acid solution at pjf 1 , is 
only about 3%, in striking contrast with the 
behaviour of proteins such as gelatin, from which 
cystine is absent (Speakman and Stott, l.c.). 
Further, wool passes into solution readily when 
treated with sodium sulphide solution, which is 
capable of breaking the disulphide bond. 
Similarly, when wool is treated with chlorine 
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peroxide, whit*h is known to oxidise cystine to 
cysteic acid, thc‘ product is capable of solution 



Fro. 6 . —SwEixiNO OF Wool Fibres in 
Acids. 


in such solvents as are normally employed to 
dissolve silk. These and a number of other 
observations which are given below, have been 
used to establish the fact that the polypeptide 
chains of animal fibres such as wool are bridged 
by cystine linkages as shown in Fig. 5. The 
figure may be regarded as a skeleton structure of 
the wool molecule, and it is obviously capable 
of adaptation to take account of variations in 
composition of the fibre : variations in sulphur 
content imply variations in the number of 
cystine linkages, but the structure remains 
unaltered in its essentials, no matter how great 
such variations may be. 

As shown in Fig. 5, the distance apart of the 
main peptide chains in the plane of the cross- 
linkages must vary in order to accommodate 
cross-hnkages of varying length. In addition, 
however, it has been established by combining 
the results of X-ray analysis (Astbury and Street, 
Phil. Trans. 1931, A, 230, 75; Astbury and 
Woods, ihid, 1933, A, 232, 333) with studies of 
the clastic properties of wool fibi’es in water 
under various conditions (Shorter, J. Text. Inst. 
1924, 16, T207; Speakman, tbtd. 1926, 17, 
T457; Proc. Roy. Soc. 1928, B, 103, 377; 
Trans. Faraday Soc. 1929, 25, 92; Proc. Roy. 
Soc. 1931, A, 132, 167; Astbury and Woods, 
l.c.) that the main peptide chains of un- 
strotdied wool fibres are folded at right angles 
to the plane of the cross-linkages as shown in 
Fig. 7. 
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When the fibre is stretched, the folded struc¬ 
ture, known as a-keratin, unfolds to give 
/J-keratin, shown in Fig. 8. Typical X-ray 
photographs (Astbury) of stretched and un- 
stretched wool fibres are given in Fig. 9. 

Both physico-chemical (Speakman, Proc, 
Boy, Soc. 1931, A, 132« 167; Trans. Faraday 
Soc. 1933, 29, 148; J. Soc. Dyers and Col., 


Jubilee Number, 1934, p. 43) and X-ray (A«t- ^ 
bury and Sisson, Proc, Roy. Soc, 1936, A, 160, 
533), investigations agree in indicating that the 
long, folded peptide chains are linked together 
in one plane by cystine and salt linkages, several 
such planes being superimposed to form the 
crystals of the fibre. The swe of these crystals 
has also been deduced by physico-ohemioal 
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methods (Speakman, ibid 1931, A, 132, 167) 
their thickness is not more than 200 a , their 
length IS about 10 times the thickness and they 
are lamellar in shape According to X-ray 


observations, the average thickness of the ciystals 
IS about 100 A (Astbury, Ic) m close agree¬ 
ment with the value obtained by indirect 
physico-chemical methods 



Tabi e XI 

Kolativc humidity 

Wat Cl adsorb! d 

) 

(” on dr\ wi ight) 



7 0 

3 40 

25 0 

6 96 

U 2 

8 41 

49 8 

11 22 

bl 1 

13 97 

75 0 

16 69 

92 5 

2181 

100 0 

33 3 

Besoiption 

92 6 

24 70 

75 0 

18 69 

63 3 

16 12 

48 7 

13 36 

34 2 

10 57 

7 0 

4 77 


Phystcai Properties 

{a) Water Adsorption —The (ohesion of animal 
fibres 18 clearly due to lystine linkages, salt 
linkages and the attractive force between 
—CO — and — NH —groups (Figs 5 and 7) 
At ordinary temperatures, then fore, the co 
hesion of wool will be reduced by water adsorj) 
tion because the attraction betwetn the op 
positely charged ions of salt linkages, and 
between — CO — and — NH — groups, is 
reduced m presence of water This effect is 
accentuated by rise of temperature, not merely 
because of increased thermal agitation, but also 
because the cystine linkages are attacked by hot 
water, especially if the hbre is in a state of 
strain Before discussing the elastic properties 
of animal fibres, however, it is clearly essential 
to possess water adsorption data 

The amoimt of water adsorbed by six wools 
at 26° C has been studied as a function of the 
relative humidity of the atmosphere by Speak 
man (J S CI 1930, 49, 209T) Data for a 
Geelong 80’s menno wool are given in Table XI 
The extent of hysteresis between adsorption 
and desorption is considerable, and in a later 
paper, Speakman and Cooper {(J Text Inst 
1936, 27, T183) showed that the range of 
humidity over which wool must be dried in 
order to pass from adsorption to limiting desorp 
tion conditions is independent of regain and is 
about 18% Since wool adsorbs water with 
evolution of heat (Hedges, Trans Faraday Soc 
1926, 22, 178), the amount of water adsorbed 
should (lecrease with nse of temperature at 
constant relative humidity. Although confirm¬ 
ing this deduction, early determinations of the 
influence of temperature on water adsorption 
(Schloesmg, Rapports de la Soci^te d’Encourage 
ment pour ITndustne Nationale, Pans, 1893, 
Hedges, kc.) took no account of adsorption 
hysteresis, and Goodings’ more recent deter- 
mmations (Amer. Dyestuft Rep. 1936, 24, 109) 
relate to only two temperatures, 10° and 30°C. 
Mpre extensive observations have smee been 


made by Speakman and Cooper (J Text Inst 
1936, 27, T183) who showed that the amount of 
water adsorbed by wool decreases as a linear 
function of temperature when the partial pres 
sure of water vapour is low When the partial 
pressure is 0 975, however, the isobar shcjws a 
minimum at about 43°C , confirming the view 
(Sjieakman, Stott and Chang, 1933, 24, 

T273) that the swelhng of wool m water is at a 
minimum in the neighhonrhood of 40" C The 
adsorption isotherms were determined with 
English Leicester wool at intervals of 5°C from 
26° to 66°C, but complete isotherms could not 
be obtamed above 55°C because the disulphide 
bond of wool is attacked and hydrolysed by 
water vapour at high temperatures, volatile 
sulphur compounds bemg evolved Although 
the temperature and relative humidity of the 
atmosphere are the mam factors mfluencmg 
the adsorption of water by wool, Speakman 
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and Stott {ibid, 1936, 27, T186) have shown | 
that when wool is dried from regains below { 
saturation, its adsorptive power decreases with 
increasing temperature of drying. The reduc¬ 
tion is caused by partial as well as complete 
drying, but not by drying from saturation, or! 
by heating wool dried at a low temperature, j 
A normal affinity for water may be restored to 
wool, which has been dried at a high temperature, 
by allowing it to reach saturation with water 
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vapour, but the reduced adsorptive power of 
wQol which has been heated over water at a 
high temperature is irreversible. 

(6) Elastic Properties .—In accordance with 
the preceding argument and observations, the 
resistance of wool fibres to extension decreases 
with increasing relative humidity. Typical 
load-extension curves for Cots wold wool fibres 
at 25°C. are given in Fig. 10 {Speakman, ibid. 
1927, 18 , T431), and the manner in which the 



breaking load and Young’s modulus decrease 
with increasing relative humidity at 22-2°C. is 
illustrated by the data of Table XII (Speakman, 
J.S.C.l. 1930, 49 , 209T). 


Table XII. 


Relative 

humidity 

(%). 

Breaking load 
(g./cni.2 initial 
area). 

Young’s 
modulus^ 
(d.vnes eiu.“). 

0-0 

22-1 xl0‘ 

4-70x10'® 

8-3 

21-6 „ 

4-80 „ 

34-2 

i 19-4 „ 

4-19 „ 

49-8 

16-8 „ 

3-84 „ 

66-0 

16-1 „ 

3-55 „ 

75-0 

15-4 „ 

3-28 „ 

100-0 

14-9 „ 

1-81 „ 


Even more sensitive to changes of relative 
humidity than breaking load is the torsional 
rigidity of wool fibres. Values for the relative 
rigidity, i.e. the rigidity compared with that of a 
dry fibre, of Cots wold wool fibres at different 
relative humidities under adsorption and desorp¬ 
tion conditions at 25°C. are given in Table XIII 

Table XIII. 


Relative humidity (%): 

00 10-0 25-0 34-7 49 5 64-5 74-5 89-7 100 

Relative rigidity (adsorption); 

1 000 0-974 0-920 0-852 0-732 0-584 0-459 0-204 0-068 

Relative rigidity (desorption): 

1-000 0-982 0-881 0-799 0-679 0-531 0-418 0 192 0-069 


(Speakman, Trans. Faraday Soc. 1929, 25, 92). 
When plotted against the amount of wato 
adsorbed, adsorption and desorption data lie 


on a common curve, which has three distinct 
sections. The intermediate section, covering a 
range of humidity from 23 to 87%, is linear and 
is expressed by the equation : 

Relative Rigidity—1-255- 0-047A, 
where A is the amount of water adsorbed. 

At constant relative humidity, the resistance 
of wool fibres to extension decreases with rise 
of temperature, as is shown by the load-extension 
curves of Fig. 11 (Speakman, J. Text. Inst. 1927, 
18 , T431) for Cots wold wool fibres in water. 

Besides being dependent on the temperature 
and relative humidity of the atmosphere, the 
elastic properties of animal fibres vary with the 
rate of loading. This may be illustrated in the 
first instance by the following data for the ex¬ 
tension at break and breaking load of Cotswold 
wool fibres in water at 18°C. under different rates 
of loading (Speakman, l.c.). 


Table XIV.— Fibre Diameter =39/x. 


Rate of 
loading. 

Extension 
at break 
(%). 

Breaking load 
(g./cm.2 initial 
area). 

1 g. every 2 
days. 

70-2 

8-88x10® 

1-44 g./min. 

48-4 

171 „ 

®T16 „ 

60-9 

18-7 „ 

4-90 „ 

50-4 

18-7 „ 

10-72 „ 

60-9 

1 19-3 „ 

15-66 „ 

64-0 

1 20-6 „ 

29-6 

64-3 

1 20-1 „ 

37-4 

64-4 

21-0 „ 

70-0 

63-9 

21-7 „ 


For finite rates of loading, both the extension at 
break and the breaking load increase with in- 
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creasing rates of loading, but the rule breaks 
down when the rate of loading is extremely 
small (1 g. every 2 days). When extension in 
water is rapid, fibres may be stretched about 
30%—27-0% for human hair, 34-6% for Cots- 
wold wool—without significant change of 
properties, i.e. if the fibre is stretched twice in 
succession with a rest of 24 hours between the 
two extensions, the two load-extension curves 
are almost identical. This observation (Speak- 
man, l,c.) has been turned to considerable 
advantage in recent studies of the properties of 
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the wool fibre. By utilising calibrated fibres, 
i,e, fibres whose load-extension curves have been 
determined up to 30% extension, the influence 
of various reagents and processes may be deter¬ 
mined without resorting to the statistical treat¬ 
ment of results obtained with a large number of 
fibres. 

If, however, the fibre is stretched slowly, or is 
held stretched for any length of time, it under¬ 
goes permanent weakening at any extension, 
especially when the humidity is high. The 
extent of the weakening, and the manner in 



Fio. 11. 


which it increases with increasing time of strain, 
are well illustrated by the data of Table XV, 
which were obtained as follows (Speakman, 
Proc. Roy. Soc, 1928, B, 103, 377): after 
determining the load-extension curve by rapid 
extension in water up to 30%, each fibre was 
allowed to remain at this extension for a certain 
time before release. The load-extension curve 
was then redetermined in water at 25°C., this 
being possible because wool fibres possess perfect 
elasticity of form in water at ordinary tempera¬ 
tures. From the two load-extension curves for 
each fibre, the percentage reduction in the work 
required for a 30% extension, due to relaxation 
at this extension, was calculated. 


Table XV. 


Time held stretched 
(Minutes). 

Percentage reduction 

1 in work for 30% 

extension. 

30 

6‘5 

62 

8'5 

92 

1L5 

161 

19-2 

210 

21-5 1 

240 

24*4 

240 

24-6 1 

300 

26-7 

1,143 

40-3 ! 


A further illustration of the plasticity of wool 
is afforded by the fdlowing data (Speakman, kc.) 


for the rate of decay of tension in a fibre at 29% 
extension in water at 2.5“C. 


Time 

Tension 

(minutes). 

(g./cm.‘^). 

105 

()-05 X 10‘ 

1*75 

5-89 „ 

2-90 

5-74 „ 

4-95 

5-58 „ 

7-80 

5-42 „ 

11-50 

5-26 „ 

16-60 

5-11 „ 

22-55 

4-95 „ 

30-25 

4-80 „ 

39-20 

4-64 „ 

50-35 

4-49 „ 

62-15 I 

4-33 „ 

76-60 

4-17 „ 

1,143 

1-97 „ 


The plasticity of wool, as exemplified by the 
rapid decay of tension in strained fibres, seems 
to be associated with disulphide bond hydrolysis, 
because in acid media, where the bond is stable, 
the rate of decay of tension is small, whereas in 
alkaline media, where the bond is readily at¬ 
tacked, plasticity is strongly developed. For 
example, the half-tension time of fibres at 40% 
extension is 11-7 minutes in NjlOO sodium 
carbonate solution, compared with 114 minutes 
in water and over 1,000 minutes in N/10 hydro¬ 
chloric acid. 
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Ah has already been mentioned, animal fibres 
possess perfect elasticity of form in water at 
ordinary temperatures, despite their plasticity. 
Even after being stretched 70% by slow loading 
in water (Table XIV), they return to their 
original length on being released in water. At 
humidities below saturation, however, extended 
fibres fail to return to their original length when 
released, as shown in Pig. 12 (Astbury and , 


man (J. Soc. Dyers and Col. 1936, 52, 336) has 
shown that various reagents, e.g. sodium bisul¬ 
phite, silver sulphate and potassium cyanide, 
which are known to cause disulphide-bond 
breakdown, are capable of causing unstretched 
wool fibres to contract to a length less than the 
original length in aqueous solution at the boil, 
it seems clear that such contraction of stretched 
fibres in steam is associated with disulphide-bond 



(a) Time/contFaction oiirvcis of Cofswohi wool fibres 
stretched to .50% extension and allowed to eoiitraet 
freely at constant humidity. J K)",, K.H., 11 50';o 
K.H., 111—65% R.H., IV-75% K.H., V—82 5^, 
R.H., VI—90% R.H. 

ih) The recoveiy after 10 hours of the flbn'S of 
Fig. 12 (a). 

Woods, l.c.). The rate and extent of recovery 
increase with iruTcasing relative humidity of the 
atmosphere and a fibre which fails to return to 
its original length at any (low) humidity, gives 
perfect recovery in water. 

At raised temperatures, however, the elastic 
properties of animal fibres are peculiar. For 
example, when a wool fibre is kept at 41-3% 
extension in water at 86°C, for 30 minutes, and 
then released in water at 18°C., it fails to return 
to its original length: the extension after 76 
minutes’ release is 31*8% (Speakraan, Trans. 
Faraday Soc. 1929, 25, 169). This set is, how¬ 
ever, eliminated when the fibre is immersed in 
water at 86°C.: after 151 minutes’ immersion, 
the extension of the fibre is only 1*4%. The 
setting effect increases with rise of temperature, 
and a fibre which has been steamed or immersed 
in boiling water at any extension, shows little or 
no tendency to contract when released in cold 
water. Nevertheless, contraction does occur in 
steam (Speakman, lx.). An exhaustive study 
of the phenomenon has been made by Astbury 
and Woods {l.c.). Wool fibres w*ere steamed at 
60% extension for various times and then 
released in steam until no further contraction 
took place. Their lengths were then measured, 
and the percentage extension or contraction 
of the various fibres is plotted against the 
time of steaming at 60% extension in Fig. 13. 
The curve shows that a fibre steamed for 2 
minutes at 60% extension, although possessing 
a set permanent to cold water, can contract in 
steam to a length 30% less than the original 
length. X-ray photographs of the steamed, 
stretched fibres revealed attack on the side link¬ 
ages between the peptide chains. Since Speak- 
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V. JSonual fibres. 

H Irradiated fibre**. 


breakdown. 3'luit system of main chain folding 
w^hich is characteristic of a-keratin is clearly 
stabilised by the cystine and salt linkages : when 
the former linkages are broken down by steam 
or (hemical reagents, further folding can oi’cur, 
and the fibre contracts to a length less than the 
original length (super-contraction). When fibres 
are steamed at 50% extension for 15 minutes or 
longer, however, they fail to return to their 
original length when released in steam. It is 
apparent, therefore, that the primary process of 
disulphide-bond breakdown is followed by one 
of linkage rebuilding. The nature of this re¬ 
building process has been established by showing 
that fibres from which the amino groups have 
been removed by means of nitrous acid (de¬ 
amination) are incapable of taking a permanent 
set even after steaming for 6 hours in the 
stretched state (Speakman, l.c.); and that the 
setting power of animal fibres (human hair) 
decreases in strict proportion to the amount of 
sulphur removed in the case of baryta-treated 
fibres (Speakman and Whewell, ibid. 1936, 52, 
380). Thus the new linkages which are respons¬ 
ible for true permanent set, i.e. set permanent 
to steam, are formed by interaction of the basic 
side-chains of animal fibres and the breakdown 
products of the cystine linkage. Since the first 
action of steam on the latter is to form a sul- 
phinic acid : 

RCHgS-S-CHgR-f HjO 

^RCHj S OH+RCHj-SH, 

one possible reaction scheme for linkage rebuild¬ 
ing is as foUoAvs: 

RCHa-SOH-hHjNRi 

-RCHjSNHRi-fHjO. 

In keeping with this view, the linkages character¬ 
istic of permanent set were found to be stable 
in boiling sodium bisulphite solution, and set 
fibres were shown to contain free sulphydryl 
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groups. Further, the facility with which 
stretched fibres assume a permanent set in* 
creases with rise of pjj up to 9-2, in the case of 
simple alkalis, as would be expecttnl in view of 
the fact that disulphide-bond breakdown is an 
essential preliminary to the acquisition of set. 
Above pii 9-2, there is a rapid decrease in the 
setting power of the fibres, due no doubt in 
part to decomposition of the sulphinic acid, 
which is known to be unstable in alkaline solu¬ 
tions: RCH^ S OH-RCHO-fHaS (Schoberl, 
Annalen, 1933, 607, 111; Collegium, 1936, 412). 
The aldehyde liberated in this way can, of 
course, react with the basic side-chains of 
animal fibres to form a second type of cross- 
linkage between the peptide chains; 

RCHO+HgNRi-RCH ; NR^ f HgO. 

Some such linkages have, in fact, been detected 
in fibres set at 9-2 (Speakman and Stoves, 
J. Soc. Dyers and Col. 1937, 68, 236), but the 
reaction can hardly be a primary one in setting 
processes, because so few — CH : N — linkages 
are to be found in fibres set by means of sodium 
sulphite and sodium bisulphite, instead of 
simple alkalis. If — S’NH — bond formation 
is the primary reaction, the action of sulphites 
and bisulphites as setting agents is readily 
explained in terms of the following equations : 

(1) RCHg S S CH 2 R+NagSOg 

-RCHg SNa+RCHg S SOgNa 

RCHg S SOgNa-f HgNR^ 

^RCHg S NHR^^ NaHSOg. 

(2) RCHj S S CHgR-l NaHSOa 

RCHg SNaf RCHg S SO3H 
RCHaSSOgH+HgNRi 

-RCHgSNHRi+HgSOa. 

In effect, therefore, a single reaction-mechanism 
serves to explain the action of alkalis, sodium 
sulphite and sodium bisulphite as setting agents, 
but side reactions leading to — CH : N — bond 
formation are not to be excluded, particularly 
where the setting medium is alkaline. 

(c) Electrical Conductivity, —As would bo ex¬ 
pected, the electrical conductivity of textile 
fibres increases with increasing relative humidity 
of the atmosphere, i.e, with increasing amount of 
adsorbed water (Murphy, J. Physical Chem. 
1929, 38. 200, 609; Murphy and Walker, ibid, 
1928, 82, 1761). The specific resistance of wool 
fibres is shown as a function of their water 
content in Table XVI (Marsh and Earp, Trans. 
Faraday Soc. 1933, 29, 173). 


Table XVI. 


Relative 

humidity 

(%). 

Water content 
(% on dry 
weight). 

Specific 

resistance 

(ohms/cm.). 

53 

12 

l-6xI0» 

63 

14 

l-SxlO® 

71 

16 

2-3 X 10’ 

79 

18 

6-0 X 10* 

83 

20 

2-6x10 

86 

22 

1-3x10 


{d) Thermal Conductivity ,—The thermal con¬ 
ductivity of textile materials and fabrics has 
been studied by many observers, but the results 
serve to show that the warmth properties of 
fabrics are due primarily to the low thermal con¬ 
ductivity of the air trapped in the fine capillary 
spaces between the fibres and threads. Both 
8ale and Hedrick (Technologic Papers of the 
U.S. Bureau of Standards, No. 266) and Speak¬ 
man and Chamberlain (J. Text. Inst. 1930, 21, 
T29) have derived expressions for the thermal 
resistance of wool fabrics in terms of their thick¬ 
ness and density. More recently, it has been 
argued (Cassie, King and Atkins, Nature, 1939, 
143, 163) that the warmth properties of textile 
materials in service on the human body may be 
accentuated by the fact that they adsorb water 
with evolution of heat. Thus, on passing from a 
warm, indoor atmosphere of low relative 
humidity to a cold, outside atmosphere of high 
relative humidity, the body docs not experience 
a sharj) change of temperature on account of 
the heat evolved by the textile fabric as it 
adsorbs water. 

ChEMICAI. PltOPERTIES. 

Ifa/er.—Besides being capable of severe 
attack on the strained disulphide bonds of 
animal fibres at lOO^C., water causes disulphide- 
bond breakdown to a limited extent at 66°C. 
(Speakman, itiid. 1933, 132, 930). In presence 
of light, however, the reaction between water 
and cystine linkages takes place rapidly at 
ordinary temperatures, sulphur being lost as 
hydrogen sulphide: RCH2‘S-S'CH2R4 H2O 
-RCHgSH-f RCHOh HgS. The validity of 
this reaction scheme has l>een established by 
Speakman and McMahon (Trans. Faraday Soc. 
1937, 33, 844), who determined the acid and 
alkali titration curves of intact and exposed 
wools. On account of the presence of excess sul- 
phydryl groups in the exposed wool, it possessed 
an increased afiinity for alkali. The presence of 
aldehyde groups in exposed wool was estab¬ 
lished by qualitative tests, but quantitative 
determinations of aldehyde content were later 
carried out by condensing the wool with semi- 
carbazide and p-bromophenylhydrazine (Race, 
Rowe, Speakman and Vickerstaff, J. Soc. Dyers 
and Col. 1938, 64, 141). That the sulphur lost 
by wool during exposure to light and air is first 
liberated as hydrogen sulphide, has been estab¬ 
lished by Harris (J. Res. Nat. Bur. Stand. 1938, 
20 , 663), who irradiated wool in an atmosphere 
of nitrogen. In air, however, the hydrogen 
sulphide undergoes rapid oxidation to sulphur 
dioxide and sulphuric acid (Meunier and Rey, 
Compt. rend. 1926, 183, 696). 

On account of such disulphide-bond break¬ 
down in exposed wool, the latter swells to a 
greater extent than untreated wool in aqueous 
solutions (von Bergen, Textilber. 1923, 4, 23; 
1926, 6, 746; 1926, 7, 451) with the result that 
exposed wool is dyed more deeply than intact 
wool with colloidal dyes, and lighter than intact 
wool with crystalloidal dyes. Even if the 
primary acid dyeing is made level by using dis¬ 
persing agents with coUoidal dyes and excess 
acid with crystalloidal dyes, the dyeing becomes 
unlevel as regards hue on after-chroming. This 
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further defect was found to be due (Race, Rowe 
and Speakman, J. Soc. Dyers and Col. 1938, 54 , 
159) to the presence of excess reducing groups— 
aldehyde and sulphydryl groups—in exposed 
wool. The chromium deposited in exposed wool 
during after-chroming is more fully reduced than 
that depositefl in intact wool, and a difference in 
hue results. A remedy for the defect was found 
(Race, Rowe and Speakman, l.c.) by pretreating 
the wool with a solution of basic chromium 
acetate in dilute acetic acid for 30 minutes at 
40‘"C. before dyeing. The best chrf)mium acetate 
for the purpose is the one which is one-third 
basic {idem, ibid. 1939, 55 , 69). When the 
inorganic polymer enters the fibre, it combines 
with the sulphydryl and other side chains, thus 
minimising the reducing properties of exposed 
wool. In addition, cross-linkages are formed 
between the peptide chains, and level acid 
dyeings can be obtained on wool containing 
exposed and unexposed fibres without resorting 
to modified dyeing conditions. 

Disulphide-bond breakdown not merely causes 
increased swelling of wool fibres, but also pro¬ 
motes their solution. It is not surprising, there¬ 
fore, that peptides pass into solution when wool 
is boiled in water (Gardner and Carter, ibid. 
1898, 14 , 167), especially as peptide bonds may 
undergo hydrolysis under these conditions. 

Acids and Alkalis ,—Since the main peptide 
chains of wool are bridged by salt linkages 
(Fig. '5), the fibre is amphoteric. Speakman 
{ibid. 1925, 41 , 172) showed that combination 
with acid (’ommcnces at 4-8, and it was 
assumed that the isoelectric point of wool is at 
thispji value. In the same year, Elod (Z. angew. 
Chem. 1925, 38 , 837, 1112), using a different 
procedure, obtained an almost identical value, 
4-9, for the isoelectric point. Some dis¬ 
agreement was introduced by Meunier and Rey 
(Corapt. rend. 1927, 184 , 285) when they found 
the swelling of wool to be a minimum at pn 
3'6-3'8, but the method of experiment was 
faulty. A revised procedure (J. 8oc. Leather 
Trades’ Chem. 1927, 11 , 285) showed minimum 
swelling at p^ 4-0-4-5, in closer agreement with 
Speakman and Elod’s values. Even the im¬ 
proved method of experiment did not give a 
precise measure of swelling, and there seemed 
to be no reason to doubt that the isoelectric 
point of wool is at p^ 4*8-4-9 until Harris (J. 
Res. Nat. Bur. Stand.'1932, 8, 779) obtained a 
value of p^ 3*4 for the isoelectric point of wool 
by measuring the migration in an electric field 
of wool particles suspended in buffer solutions 
of various pn values. Later, however, Harris 
accepted the value pi^ 4-2 for the isoelectric 
point of wool particles, and 4-6 for cortical 
cells and scales {cf Sookne and Harris, 
Text. Res., 1939, 9 , 437). He attributes the 
error of his first determination to the specific 
effect on wool of the phthalate buffers used, but 
Speakman and Stott (Trans. Faraday Soc. 1934, 
80 , 539) failed to detect any difference between 
a phthalate buffer and a hydrochloric acid- 
sodium chloride solution, both at 3*4, as 
regards their effect on the resistance of wool 
fibres to extension. In the light of this and 
other evidence (to be given later), there appears 
to he no reason to doubt that the point at which 
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wool begins to combine with acid is atpa 4*8-4*9. 
Whether this p^ value is to be regarded as an 
isoelectric point or not is discussed below. 

In view of its importance in connection with 
dyeing processes, the combination of wool with 
acids has been studied by many observers, but 
the early data relate to wOol which was not 
I brought to Py\ 4*8-4-9 before use, and combina- 
I tion was studied as a function of the concentra¬ 
tion of the solution (Georgievics and Poliak, 
SitzAingsbcr. Kaiscrl. Akad. Wias. 1911, 120 , 
(2b), 465; Dictl, Kolloid-Z. 1914, 14 , 319; 
Fort and Lloyd, J. Soc. Dyers and Col. 1914, 

30 , 5; Meyer, Textilber. 1926, 7 , 605). Using 
different wools adjusted to pn 4*8, however, 
Speakman and Hirst (Trans. Faraday Soc. 1933, 
29 , 148) and Speakman and Stott {ibid. 1934, 30 , 
539) have determined the titration curves with 
hydrochloric acid. The results revealed no 
signifi(!ant difl'ereiuies between wools, indicating 
that the fibre is (constant in composition in at 
least one important respect, viz. its content of 
basic amino-acids. Maximum acid-combining 
capacity was observed at 1, and, in agree¬ 
ment with Meyer's conclusion, the amount of 
a(ud combined was found to be 80 c.c. A/1 acid 
per 100 g, dry wool. This value is what would 
be expected in terms of Marston’s data (Table X) 
for the content of arginine and lysine, and 
Harris’ determinations of the amino-nitrogen 
content of wool (J. Res. Nat. Bur. Stand. 1935, 
14 , 563). The behaviour of wool with other 
acids is, however, peculiar, as shown in Fig. 14 
(Speakman and Stott, Trans. Faraday Soc. 1935, 

31 , 1425). In kee])ing with Loch’s results for 



Fig. 14.— Acid-Tttration Cubves of 
Wool. 
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proteins in general (“ Proteins and the Theory 
of Colloidal Behaviour,” McGraw-Hill Book 
Company, 1922, p. 40), oxalic and phosphoric 
acids tend to behave as monobasic acids, but the 
case of monochloroacetic acid is peculiar. Like 
other weak acids, it causes intense swelling of 
wool fibres when the solution is concentrated 
(Speakman and Stott, Trans. Faraday Soc. 1934, 
30 , 539). Since this exceptional type of swelling 
is associated with a large amount of combined 
acid and a high heat of reaction ibid. 

1938, 34 , 1203), it has been argued that all throe 
phenomena are duo to the separation of the 
superimposed sheets of covalently-linked peptide 
chains which form the micelles. The separation, 
which is due to the high swelling pressun* 
developed in accordance with the Procter 
Wilson theory (J.C.S. 1910, 109 , 307, results in 
the liberation of those — NH — groups for eoin- 
bination with acid which were at first assotdated 
with the — CO — groups of neighbouring peptide 
chains. 

On account of their intense swelling in con¬ 
centrated solutions of weak acids, wool fibres 
offer less resistance to extension in such solutions 
than in solutions of strong acids at the same 
value (Speakman, Proc. Roy. Soc. 1931, A, 
132 , 1(57; J. Soc. Leather Trades’ Chem. 1933, 
229 ; Speakman and Hirst, l.c.). Nevertheless, 
the reduction in the resistance of wool fibres to 
extension in solutions of hydrochloric acid is a 
linear function of the amount of combined acid, 
and is the direct effect of salt-linkage breakdown, 
which facilitates unfolding of the peptide chains 
during fibre extension. The small contribution 
made by swelling is evident from the fact that 
the maximum reduction in the resistance of 
fibres to extension in solutions of hydrochloric 
acid, containing salt in Nj^ concentration as a 
swelling depressor, is no less than in solutions 
of hydrochloric acid in water. Support for this 
conclusion is to be found in the pro{K>rtieH of 
de-aminated wool (Speakman and Stott, Nature, 
1938, 141 , 414). Sookne and Harris’ atte^mpt 
(J. Res. Nat. Bur, Stand. 1937, 19 , 535) to refer 
the whole effect of acid to the induced swelling, 
rather than to the direct effect of salt-linkage 
breakdown, has been shown (Speakman, Ainer. 
Dyestuff Rep. 1938, 27 , PI 68) to be erroneous. 

In addition to simple combination with the 
basic side-chains of salt linkages, more com¬ 
plicated reactions may occur, especially at high 
temperatures, with certain acids. According 
to Harris, Mease and Rutherford (J. Res. Nat. 
Bur. Stand. 1937, 18 , 343), for example, a sul- 
phamic acid is formed when wool is treated with 
a concentrated solution of sulphuric acid : 

RNHo+H 2 S 04 -^RNHgHS 04 

-^RNHSOgH+HgO. 

The same reaction is presuiiied to occur when 
wool soaked in dilute sulphuric acid is dried at 
a high temperature, and the loss of basicity in 
the wool is assumed to be responsible for the 
resist effects against acid dyes, whi(?h are some¬ 
times produced in the carbonising process. In 
offering this explanation, Harris and his col¬ 
laborators overlooked the fact that tyrosine 
may be sulphonated in the cold by concentrated 
sulphuric acid, and most of the effects they 
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observed can be explained equally well on this 
hypothesis. The case of nitric acid is even more 
complicated than that of sulphuric acid, and 
has not yet been examined in any detail. 
Finally, it should not be overlooked that boiling 
dilute acids are (capable of hydrolysing the 
peptide bonds in the main peptide chains of 
wool, as would be expected from the fact that 
boiling 20% hydroc'hloric acid is used to dis¬ 
solve wool for the purpose of amino-acid 
analysis. 

The alkali-titration curve of wool was first 
determined by tSpeakman and Stott (Trans. 
Faraday Soc. 1934, 30 , 539) and it was found 
that little or no combination with alkali takes 
place below 7. ’riiis result is in stricjt con¬ 
formity with the observation of Speakman and 
Hirst (/.c.) that the resistance of wool fibres to 
extension in A/5 salt solutions containing various 
amounts of hydrochloric acid or c*austic soda is 
inde])endent of between 5 ami 7. It was 
on the basis of this observation that Speakman 
and Hirst suggested that 4*8 must not be 
regarded as an isoelectric point, but rather as 
one end of a pn-stabilitv region extending from 
about Ph 5 to 7. The titration curve of wool 
supports this view, and Kind’s failure to agree 
may be due to the fact that he has not taken 
account of the effects of disulphide-bond break¬ 
down on the alkali-titration curve of wool. It 
has already been mentioned that when wool 
fibres are exposed to light and air, the disulphide 
bonds undergo hydrolysis and sulphydryl groups 
(cysteine side chains) are liberated. The titra¬ 
tion curves of intact (root) and exposed (tip) 
sections of New Zealand Ronine}^ wool staples 
are shown in Fig. 15 (McMahon and Speakman, 
Trans. Faraday vSoc. 1937, 33 . 846). On account 
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Fig. 15. —Titkatton Curves of Intact 
AND Exposed Wools. 

of the presence of excess sulphydryl groups in 
the exposed wool, it possesses a greater affinity 
for alkali than intact wool at the same value. 
In the light of these results, it seems probable 
that if Elod were to apply his procedure to 
intact wool, it would be found to show an iso¬ 
electric region from about Ph ^ I’h 
T he affinity of intact wool for alkali is not due 
solely to the acid side-chains of salt linkages, 
because the disulphide bonds are attacked at 
high pu values. For this reason, the titration 
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curve at J3}j values above 10 is valid only for the 
particular time of experiment employed. 
Harris (J. Res. Nat. Bur. Stand. 1939, 635) 

has made an attempt to determine the true 
limiting base-combining capacity of wool by 
working at 0°C. and coirecting for the effects of 
disulphide-bond attack. He finds a value of 
70 c.c. iV/1 NaOH per 100 g. dry wool* in fair 
agreement with the requirements of the salt- 
linkage hypothesis. 

The nature of the decomposition undergone 
by cystine linkages in alkali appears to be similar 
to that caused by exposure to light and air 
{see p. 99c): 

RCH2 S S.CH2R4 HgO 

-RCHjSH+RCHgSOH. 
RCH2S OH f NaOH 

==RCHO+NaSH f HgO. 

This view is in agreement with the work of 
Schoberl and Wierner (Annalen, 1933, 507, 111) 
and is supported by Crowder and Harris’ obser¬ 
vation (J. Res. Nat, Bur. Stand. 1930, 16, 476) 
that half the sulphur may be removed from wool 
by treatment with caustic soda solution in 
absence of oxygen. 

Although the nature of the decomposition of 
disulphide bonds by alkalis such as barium and 
calcium hydroxides may differ from that caused 
by sodium hydroxide, sulphur is removed and 
aldehyde groups are formed in all cases. The 
fate of the aldehyde appears to be to corn bine 
with the basic side-chains of wool to form 
—CH : N—linkages betw'een the peptide chains. 
This suggestion was made by Phillips (Nature, 
1936, 188, 121) to explain the action of amines 
in assisting the unhairing of skins by fresh lime 
liquors, and the effect of alkali treatment in 
opposing unhairing. Speakman {ibid. 1936, 
138, 327) has obtained evidence of the existence 
of —CH : N— linkages in fibres treated with 
caustic soda, and the function of the amines as 
unhairing assistants is obviously to prevent 
cross-linkage formation in the fibres by taking 
the place of the basic aide-chains in condensation 
with the aldehyde. Besides the —CH ; N— 
type of cross-linkage, some evidence has been 
obtained (Speakman, l.c. ; Speakman and 
Whewell, J. Soc. Dyers and Col. 1936, 52, 380) 
that —C-S-C— linkages are also formed when 
wool is treated with alkalis. 

The peculiarities of the action of concentrated 
caustic soda solutions on wool at low tempera¬ 
tures were first revealed by Buntrock (Far ben- 
Ztg. 1898, 9, 69), who studied the effect of treat¬ 
ing wool yarn with solutions of various con¬ 
centrations. Each sample waa immersed in 
caustic soda solution for 10 minutes at room 
temperature, and then freed from alkali by 
neutralisation with acid and washing in water. 
The strength of the dried yam decreased con¬ 
tinuously with incre^ing concentration of alkali 
up to 16% (g./lOO g. solution) and then increased 
until a stren^h 30% greater than the original 
was attained with 38% caustic soda solution. 
Treatment of wool yam with 38% caustic soda 
solution was therefore recommended as a 
“ mercerising ” process for increasing the 
strength and lustre of wool. It has since been 
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shown by Speakman (J.S.C.L 1929, 48 , 321T) 
that 38% caustic soda solution has itself no 
action on wool fibres, because it has the com¬ 
position of the hydrate, 2Na0H,7H20, and 
is used at a temperature near its freezing-point 
(15-5°C.). The increased strength and lustre 
realised by the “ mercerising ” process are due 
simply to surface attack on the fibres by the 
dilute alkali formed during neutralisation and 
washing-off. 

Reducing Agents .—Alkaline reducing agents 
have a powerful destructive action on wool 
owing to disulphide-bond attack. To be effec¬ 
tive, the jDpj value of the solution should be at 
Ph 11 or above (Marriott, J. Soc. Leather Trades' 
Chem. 1925, 9 , 618), presumably because di¬ 
sulphide-bond hydrolysis precedes reduction. 
In the case of so{lium sulphide, for example, 
the course of the reaction seems to be as follows : 

RS SR I H2O-RSH+RS OH. 

RS OH+2NaSH RSH-f NagSg+HaO. 

The liberated sulphydryl groups combine wdth 
alkali, a powerful swelling pressure is developed, 
and the fibre is gelatinised and dissolved. This 
is the basis of the unhairing process of the 
leather trade, where lime liquors are used as 
depilatories. Old lime liquors are superior to 
fresh liquors because they contain a reducing 
agent, calcium sulphide, derived from the action 
of lime on wool or hair in previous treatments. 
The calcium sulphide, by reducing the sulphinic 
acid as soon as it is formed, prevents its decom¬ 
position to give an aldehyde, and the 
—CH : N - cross-linkages which would oppose 
ge'latinisation of the fibre are not formed. 

Sulphur ilioxide, sodium sulphite, sodium 
bisulphite and sodium hyposulphite also find 
industrial use as bleaching and stripping agents. 
King (J. Hoc. Dyers and Col. 1930, 46 , 226; 
J.(^S. 1927, 2639; 1929, 601; B.P. 332389) 
found that sodium sulphite and sodium bisul¬ 
phite are best used together in the proportions 
represented approximately by the formula 
2NaHS03,Na2S03, and in such concentration 
that the SO2 content of the solution iB 2%. 
Hince the value of the solution is 6*8, the 
j)ro(?e88 has come to be known as the “ neutral 
bleach.” One of its merits is that it imparts a 
soft handle to the material, due no doubt in 
part to the action of the sulphites in causing 
partial breakdown of disulphide bonds : 

RS SR-j NaHSOg-RSNa+ RS SOgH. 

A more common industrial bleach is that given 
by sulphur dioxide obtained by burning sulphur 
in a closed chamber containing the materials t-o 
be bleached. Having been soap scoured, the 
wool is originally alkaline, and exposure to 
sulphur dioxide causes the formation of sul¬ 
phites in high concentration. A study of the 
process has been made by Phillips (J. Soc. 
Dyers and Col. 1938, 54 , 603), who has obtained 
conclusive proof of disulphide-bond breakdown 
with formation of S-cysteinesulphonate side- 
chains. 

The damage caused by disulphide-bond break¬ 
down with either acid or alkaline reducing agents 
may be repaired, to some extent at least, by 
after-treatment of the wool with either oxidising 
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agents or salts of polyvalent metals (Speakman, 
ibid. 1936, 52, 423). Treatment with reducing 
agents, followed by oxidising agents or metal 
salts, has also been made the basis oi* methods 
for imparting a permanent set to animal fibres 
at low temperatures (Speakman, B.P. 453700 
and 453701). 

Oxidising Agents .—Oxidising agents have a 
destructive action on animal fibres, such as 
wool and hair, owing to disulphide-bond attack. 
The action of hydrogen peroxide has beim 
studied in some detail by Harris and his col¬ 
laborators (J. Res. Nat. Bur. Stand. 1936, 16 , 
301,309; 1936,17,577; 1937,18,623 ; 1938, 
20, 555, 559) on account of its use in commercial 
bleaching processes. Under the correct con¬ 
ditions, the cystine content of the fibres de¬ 
creases, even though the sulphur content re¬ 
mains unchanged. This is due to oxidation of 
the disulphide bond,'presumably with formation 
of a disulphoxide. Since the latter is more 
readily hydrolysed than the disulphide, the 
alkali solubility of peroxide-treated fibres is 
greater than that of untreated fibres, and alkaline 
hydrogen peroxide is particularly destructive 
in its action on wool. In commercial practice, 
however, little control appears to be exercised 
over the peroxide-bleaching baths (Weber, 
J. Text. Inst. 1933, 24, P178). 

More powerful oxidising agents, e.g. clilorine 
peroxide, arc capable of oxidising cystines to 
cysteio acid (Schmidt and Braunsdorf, Ber. 1922, 
55, [B], 1529; Schmidt, Haag and Sperling, 
ibid. 1925, 58, [B], 1394), and wool trt'ated with 
this reagent can be dissolved readily by such 
solvents as are normally used to dissolve silk. 

Halogens .—Chlorine and bromine have a 
particularly destructive action on the disulphide 
bond in presence of water (Douglass and John¬ 
son, J. Araer. Chem. Soc. 1938, 60 , 1486), and 
the use of chlorine water or hypochlorous acid 
to impart an unshrinkable finish to wool is 
based on this reaction. The process has been 
studied by numerous observers (Trotman, 
J.S.C.I. 1922, 41 , 219T; 1926, 45 , 2()T, HIT; 
Speakman and Goodings, J. Text. Inst. 1926, 
17 , T607; Edwards, J.S.C.I. 1932, 51 , 234T). 
According to Speakman and Goodings, the un¬ 
shrinkable finish is due to the fact that the 
surface scale structure of the chlorinated fibres 
is rendered inoperative, as regards shrinkage, by 
a layer of jelly which is formed as soon as the 
attacked structure is treated with alkali (soap 
and soda). 8uch gelatinisation is due, of course, 
to the action of chlorine in causing disulphide- 
bond breakdown. Attack should be restricted 
to the surface of the fibre, since the surface scales 
are responsible for shrinkage (Speakman, Stott 
and Chang, J. Text. Inst. 1933, 24 , T273), but 
this is difficult of realisation when aqueous solu¬ 
tions of chlorine are used. The Wool Industries 
Research Association, King and Galley (B.P. 
417719) have, however, taken advantage of the 
inaccessibility of dry fibres to reagents the mole¬ 
cules of which are larger than the w-propyl 
alcohol molecule {Speakman, Trans. Faraday 
Soc. 1930, 26 , 61) to ensure surface reaction: 
chlorine is applied as a gas to wool of low water 
content^ with sucoessml results. In a still 
more recent process (Hall, Kicking and Pente¬ 


cost, B.P. 464503) surface reaction and an un¬ 
shrinkable finish are realised by treating wool 
with a solution of sulphuryl chloride in white 
spirit. The disulphide bonds are attacked in 
much^ the same way as with chlorine, for it has 
been shown (Speakman, Nilasen and Elliott, 
Nature, 1938, 142 , 1035) that di benzyl disulphide 
is converted into benzylsulphonyl chloride and 
benzyl chloride by treatment with a solution of 
sulphuryl chloride in ether at a low temperature. 

Although the main point of attack by halogens 
is the cystine linkage, the reaction with animal 
fibres is complicated and the possibility of 
attack on peptide bonds and tyrosine side-chains 
should not be overlooked (Stirm and Coll^, 
Textilber. 1935,' 16 , 585, 667, 795; vom Hove, 
Angew. Chem. 1934, 47 , 756; Haller and Holl, 
Textilber. 1936, 17 , 493). 

Inorganic Salts .—Chief among the inorganic 
salts used in commercial practice on wool must 
be ranked the chromates and dichrornates. 
Applied to wool from neutral or acid solution, 
and in presence or absence of reducing agents, 
oxides of chromium are deposited in the fibres 
to serve as mordants in dyeing processes. The 
chromic acid at first combined with the basic 
side-chains of the fibre is reduced, either by di- 
suli)hide-bond atta(?k, or l)y the reducing agents 
present in the mordanting bath. 

Disulphide-bond attack is also the basis of the 
use of mercuric nitrate and nitric a(ud in the 
carrotting process for increasing the felting 
power of rabbit and hare fibres. Mercuric 
chloride in acid solution likewise promotes di¬ 
sulphide-bond breakdown at temperatures above 
40"C. (Speakman and Coke, Trans. Faraday 
Soc. 1939, 35 , 246) according to the equation : 

RS SRyHgClg RSCl+RS HgCI. 

Similarly, the use of thiocyanates for shrinking 
(creping) wool textile materials, is due to the 
fact that under slightly alkaline conditions, the 
steaming process gives rise to hydrosulphides, 
which, as indicated above, cause disulphide-bond 
breakdow n and super- contraction(Ju8tin-Mueller, 
Rev. G6n. Mat. Col, 1937, 41 , 419). 

Organic Compounds .—The reactivity of wool 
with organic compounds has been studied only 
to a very limited extent, owing mainly to the fact 
that the dry fibre is accessible only to com¬ 
pounds of low^ molecular weight. Such swelh'ng 
agents as can be used to increase accessibility 
viz. water, methyl alcohol, ethylene glycol, 
formic acid and acetic acid, are themselves 
reactive with the compounds which might be 
expected to attack wool. Animal fibres can, 
of course, be acetylated, with reduction in their 
affinity for acid dyes, but details of the com¬ 
mercial process are not available. Pliosgene 
combines with the basic side-chains of wool to 
give — N : CO side-chains, and formaldehyde 
and quinone condense with the amino groups of 
the same side-chains. In the last case, cross- 
linkages of the following type : 


OH 
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are formed between the peptide chains (Speak- 
man and Coke, /.c.), but the reaction is com¬ 
plicated and all its features have not yet been 
elucidated. 

, J. B. S. 

FIBRES, ARTIFICIAL, or RAYON. 

The idea of imitating silk with artificially pro¬ 
duced fibres is an old one, being mentioned in 
1665 in Hooke’s “ Mierographia,” p. 7, and 
again in 1734 in Reaumur’s “ Histoire des 
Insectes,” I, 154. However, it was not until 
the nineteenth century that there was any 
record of the a(!tual production of artificial fibrc^s. 

Contemporaneously with the starting of the 
first practical processes of manufacture, the 
term “artificial silk” was coined in 1885. 
About this time the high price of real silk, which 
was not less than 16.9. per lb. from 1900 till 
1930 (Fliigge, “ Rohseide,” Bibliograph. Inst. 
A.G. Leipzig, 1936) was no doubt the induce¬ 
ment to attempt its imitation. But since then 
steadily falling costs of production and increasing 
technical skill have made it possible to imitate 
other fibres, so that the term “artificial silk” 
has gradually become more inapt. Besides this 
it was felt, even before the war (1914-18) that 
“ artificial silk ” was an unwoi-thy name for a 
product which had a claim in its own right to a 
place among the textile fibres (Douglas, J. Soc. 
Dyers and Col. 1914, 30, 178). The term 
“ rayon ” which was coined in America as the 
result of a competition in 1924, has been sub¬ 
stituted as the generic name. It was stated 
recently that “ rayon ” properly describes all 
types of “ synthetic ” fibres whose basic raw 
material is cellulose (Rep. on Dev. and ITso of 
Rayon and Other Syn. Fibres, Dept, of Agric. 
U.8.A. 1938), but the term is generally used 
to describe artificial and synthetic fibres whether 
made from cellulose or not, although it should 
be mentioned that the British Celancse Company 
has not accepted the term as applied to their 
product (Text. Manuf. Suppl. May, 1936, 
p. xxxv). 

Recently new synthetic fibres have been 
produced by Du Pont de Nemours in the 
United States, which appear to be the first true 
artificial silk, since not only in appearance but 
also in physical and chemical properties they are 
similar to silk. It must be remembered that 
similar claims have been advanced in the past 
and have not been substantiated, but the claims 
of the new fibres (“ NyUrti ”) appear more securely 
grounded. If they prove as satisfactory as is 
claimed, there may be an important repercussion 
in the Japanese-United States trade in natural 
silk since Japan’s silk exports are about 15% 
of her total exports and about 80% of her silk 
exports are taken by the United States, 
Continuous Filament Rayon Yarns .—The pro¬ 
duction of continuous filaments by artificial 
means began in France in 1889, following quickly 
in Germany and England, but American pro¬ 
duction did not begin until 1911, Italian until 
1913 and Japanese until 1922. However, in 
spite of their late starts the United States and 
Japan are now the leading producers, being 
responsible together for 47% of the total world 
production in 1938 (“ Industrial Fibres,” 

H.M3.0. 1939). 


AND RELATED FIBRES. 


World PRODrcTioN of Rayon and Other 
Fibres. 


Year. 

Contin¬ 

uous 

fila- 

Rayon 

staple 

Silk. 

Wool.* 

Flax. 

Cotton. 

merit 

rayon. 

fibre. 

1 







Million pounds p(ir annum. 

1900 

o2 


.ST'* 



10,500** 

J9i0 

182 

' 0 

! 50^ 

1,770^ 


1920 

5.52 


4:3* 

- 

— 

1(),000« 

19:30 

4.'i3« 


1302 

2.201)2 

1,4002 

12,400» 

1938 

9913 

9823 

no3 

2.240» 

1,7(502 

14,0003 


^ Values shown are of the ffreasy wool dip. 

^ Fliigge, “ Kunstseide,” liill)iograj)h. Inst. A.-U. 
Leipzig, 19:30. 

3 “Industrial Fibres," H.M.S.O. 19:38 and 19:39. 

Fliigge, “llolrseide," liibliograph. Inst. A.-(L Leip¬ 
zig, 19:30. 

^ “ Survey of Textile Industries,” H.M.S.O. 1928. 

* Year Book, National Assoe. of Cotton Man,, 
Boston, U.S.A. 1927, p. 201. 

The rate of increase of world production of 
rayon has been 20% per annum, w ith slackenings 
corresponding to the war (1914-18). the economic 
crisis of 1929 and the over-production in 1937. 

An important cause of the increased con¬ 
sumption which has absorbed the increased 
production has been the fall in yarn prices 
which has occurred since 1918. In England 
150 denier* viscose rayon prices rose from 5s. 3J. 
per lb. in 1913 to a peak of 19^. '3d. per lb. in 
February, 1920, but have since fallen steadily 
having reached 6.v. per lb. by 1927 (“ Survey of 
Textile Industries,” H.M.S.O. 1928, p. 304). 
Subsequently prices continued to fall until by 
1933 they had reached 35. 6r/. per lb., at which 
time acetate rayon had fallen to about the same 
price as viscose, though previously it had been 
considerably dearer. In the winter of 1938 
viscose yam prices reached a minimum at 28. 6d. 
per lb. for 150 denier 27 filament viscose yarn 
on pirn (“ Industrial Fibres,” H.M.S.O. 1939), 
but since then there has been a tendency for 
prices to rise again. The price was 25. 10JJ. per 
lb. in February, 1940, for normal viscose, but the 
prices of Courtaulds strong yarn, “ Temsco,” and 
of Celanese strong yarns, M and MV, are higher. 
During the period under consideration there 
have been two price changes imposed on the 
industry; an excise duty of l5. per lb. intro¬ 
duced in 1924, and its subsequent reduction 
to 6d. per lb. in July, 1934. Silk, wool and 
cotton prices at their different levels have 
shown similar trends to rayon prices in the 
period 1913-38. American rayon prices rose 
from 1-90 dollars per lb. in 1911 to a peak of 
4-77 dollars per lb. in 1919, and since then have 
fallen, at first rapidly and afterwards more 
slowly (E. Fliigge, “ Kunstseide,” Bibliograph. 
Inst. A.-G. Leipzig, 1936) to a minimum at 
0-49 dollars per lb. in the summer of 1938 for 
first quality viscose yam (“ Industrial Fibres,” 
H.M.S.O. 1939). The price of nylon in Decem¬ 
ber, 1939, was 3*25-4*65 dollars per lb. for 
hosiery Imitting yams and was only very 
slightly less than the price of similar silk yams 
(Textile World, 1940, 90 , No. 1, 62). 

* The denier count of artificial sUk yarn is the weight 
In grams of 9000 metres. 
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Yam prices, which in turn have been con- Rayon Staple Fibres .—Initial interest in the 
trolled to a large extent by production costs, manufacture of staple fibres arose in Germany 
have been one of the main factors which have during the war (1914-18) when it became 
affected the fortunes of the different rayon necessary to eke out slender supplies of natural 


processes. The other factors have been general 
wearing qualities and the ability to produce 
novelty effects. 

At the end of the nineteenth century the 
C'hai’donnot nitrate process accounted for more 
than 80% of the world’s production, but even 
then it was beginning to lose its pre-eminence, 
the decline proceeding steadily until production 
appears to have ceased altogether in the middle 
of the nineteen-thirties. I’his was brought 
about in the first instance by the superior pro¬ 
duct and cheaper costs of the cuprammonium 
process, for it was not until as late as 1909 
that there was recovery of the costly solvents 
used in the nitrate process (J. Hoc. Ilyers and 
Col. 1909, 28, 1303). During the first few years 
of this century the cuprammonium process was 
gaining ground at the expense of the Chardonnet 
process until in 1906 the former accounted for 
40% of the total world production. Hubse- 
quently the cuprammonium process was sub¬ 
jected to the competition of the cheaper viscose 
process and by 1923 declined to a mere 2% of 
the total output, though this proved to be its 
nadir, for subsequently production rose again 
and has maintained a fairly steady position at 
3-4% of the total production by all processes. 
The reason for the maintenance of its relative 
position is to be explained by the high quality of 
cuprammonium yarns. 

After 1906, production by the viscose process 
started to rise rapidly, reaching a j)eak of 87- 
88% of the production by all processes in the 
period 1932-34, though subsequently there has 
been a slight decline to 83% in 1938. This 
decline has been caused by the rise of the acetate 
process and can be accounted for by the special 
properties of acetate yarns, which enable special 
textile effects to be produced which can be 
obtained in no other way. Large scale pro¬ 
duction of acetate yarns began as a result of the 
requirements during the war (1914-18) of 
acetate dope for aeroplanes. The producers 
found themselves faced after the war with 
the problem of disposing of their dope pro¬ 
duction. In 1920 the manufacture of yarns 
from this dope began and has since risen steadily 
to 13% of the world production by all processes 
in 1938, although probably in England and 
(;ertainly in North America the production by 
this process is a much higher proportion of the 
whole. In 1939 small samples of yams made 
from polyvinyl chloride and of nylon became 
available and Du Pont de Nemours & Co.’s 
large scale plant for the manufacture of the 
latter began operation in the United States on 
December 15, 1939 (Textile World, 1940, 90, 
No. 1, 62). The English plants are to be 
operated jointly by Courtaulds and I.C.I. 
.through a subsidiary company, British Nylon 
Spinners, Ltd., and are expected to start pro¬ 
ducing in the autumn of 1940 (Times, March 16, 
1940, p. 3). I.C.I. are to produce the polymer at 
their Huddersfield works and this is to be spun 
into monoffl at Welwyn Garden City and into 
yam at Coventry (Timesi March 21, 1940, p. 6). 
VoL. V.—8 


staple fibres. Gemand and production lan¬ 
guished when normal supplies were restored 
after the war was over. German production 
of 4-2 million lb. in 1919 feU to 1-3 million lb. in 
1920 (Kiinigsberger, “ Die deutsohe Kiin.st- 
seiden-und Kunstsekhuifaserindustne in den 
Krieg-und Nachkriegsjahren,” Berlin, 1925). 
About 1930 int(‘rest in artificial staple-fibres 
revived, partly because of improvements in 
manufacture which resulted in increased 
strength, aiul since then there has been a more 
than hundred-fold increase in production. The 
principle producers are Germany, Italy and 
Japan, who as part of their national policies of 
self-sufficiency have encouraged the production 
of these fibres and recently have even passed 
regulations to enforce their use: a German 
decree in 1935 enforced the admixture of at 
least rayon staple-fibre in all coarse cotton 
yarns: this proportion being raised in 1937 
first to 16% anfl then to 20%. Similarly 
Japanese decrees in 1938 required first a mini¬ 
mum admixture of ‘30% rayon staple-fibre with 
all cotton for domestic use (with certain excep¬ 
tions) and then prohibited the use of cotton 
altogether, whilst dec reeing that 50% of rayon 
staple-fibre must be mixed with all wool used 
(“ Rep. on Dev. and L'se of Rayon and Other 
»Syn. Fibres,” U.S.A. 1938). Recently Italy has 
decided that all textiles for her home markets 
must contain at least 20% of home-produced 
artificial fibres, the woollen industry being 
expected to use them in the form of “ Lanital ” 
and *^Cisalfa^^ fibres {TUnes^ March 21, 1939). 
Probably because of the influence of these 
decrees, Japanese, German and Italian produc¬ 
tion together accounted for about 90% of the 
total world production in 1938 (“ Industrial 
Fibres,” H.M.8.O. 1939). A still greater in¬ 
crease in German production is envisaged by 
Kchieber {Times. February 14, 1940). 

Ihilike continuous filament rayon, which in 
the first instance' can be considered a cheap sub¬ 
stitute for expensive natural silk, rayon staple- 
fibre is, again in the first instance, a substitute 
for the comparatively cheaper cotton and wool 
fibres. Consequently in order to popularise its 
use in those countries where its use has not been 
compelled by law, the manufacturers have pro¬ 
gressively reduced its price. This trend was 
accelerated in England by the reduction of the 
6d. a lb. excise duty imposed in 1924 to 3d. a lb. 
in June, 1934, and then by its c omplete abolition 
in September, 1936. In 1936 the price of viscose 
staple-fibre was lid. per lb., but this was re¬ 
duced to lOd. per lb. at the end of 1937 and 
there was no further change until the end of 
1939 when there w^as a slight tendency for the 
price to rise. In February, 1940, it was 12^d. 
per lb,' Acetate staple-fibre has generally been 
about 50% dearer than viscose. 

In the United States viscose staple-fibre prices 
feU steadily from 1928 when the price was 0*60 
dollars per lb. to 1937 when the price was 0'26 
dollars per lb. Here again acetate prices have 
been higher than viscose prices, though they 
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fell from 0*80 dollars per lb. in 1936 to 0-46 importance thCin with continuous-filament 
dollars per lb. in 1938 (“ Rep. on Dev. and Use rayons, since rayon staple is intended to blend 
of Rayon and Other Syn. Fibres,” U.S.A. 1938). with or even substitute strong fibres like cotton 
No reliable statistics are available for the and flax and elastic fibres like wool and schappe 
proportions of rayon staple-fibres made by the silk. For similar reasons the staple length and 
different processes, though it is probable that denier of cut rayon fibres must be suitable for the 
the viscose process, including such modifications spinning machinery in the cotton and wool 
as the processes for producing basified viscose industries. 

fibres, is responsible for 90-95% of the total Many processes have been proposed for im- 
production. Fibres made from casein probably provements in the manufacture of rayons, but 
amount to no more than 1-2% of the whole, in the sj)ace available it is only possible to 
whilst a not inconsiderable though relatively consider the more importjint processes. These 
small amount of acetate staple-fibre is produceni. arc described as far as is practicable in the 
,, order of historical development since in the 

Manufactuke of Rayons. writer’s view, this brings out most clearly 

SubstarKies that can be tonned into filaments the sequence of the ideas and the growth of the 
must have linear molecules and high molecular refinements which have brought the industry 
weights and, up to now, all fibre-forming mole- to its present great position, 
cules have been of the superpolymer type in 

which there are many hundreds of repetitions Manufacturing Processes. 

of a comparative!}^ simple chain unit. A number Glass Fibres.—The earliest artificial fibres to 
of natural substances have suitable molecular be produced wore made from glass and it is 
structures but the processes used to form these recorded that t hese were exhibited at the British 
into fibres invariably cause some measure of Association meeting held in 1842 (Hard, The 
depolymerisation. However, there have been Romance of Rayon,” Manchester, 1933). Yarns 
several successful attempts ix'cently to syn- made from glass fibres have been woven into 
thesise substances capable of forming fibres by textile fabri(*s, but these do not appear to have 
the polymerisation or condensation of small passed tlie stage of technical curiosities. Modem 
moleiuiles into long chains. For rayon manu- glas.s fibres are very fine ajid yarns made from 
facture fibre formation is not sufficient. Only them are extremely strong and (tuite flexible 
those substances are suitable for rayons that (Lindsay Forster, J. 7'ext. Inst. 1939, 30, P162), 
will form fibres with desirable textile properties, however their comparative hardness would be 
The most important of these properties are: a serious disadvantage if glass yarns were to 
strength, extensibility, flexibility and insolu- be used in combination with other textile fibrfes. 
bility in water and (lilute alkalies. The fibres They are at jirescnt used only in filter cloths 
must also be non-inflammable, have a high and for electric'al and thermal insulation, 
softening point and be capable of being dyed. Modern glass fibre yarns have tensile strengths 
In addition it is preferable, though not essential, as high as 6*3 g./den., but have elongations of 
that the fibres be truly clastic. Finally there is only 1-2% (Textile World, 1939, 89, No. 10, 76). 
the over-riding economic consideration that new Cellulose Nitrate Process.—Although (in 
artificial fibres must be produced more cheaply 1838) Pelouze had noticed that concentrated 
than the natural fibres or f)lder artificial fibres nitric acid appeared to form a compound with 
with which they have to compete. Only a few cotton, it is pn)bably to Schbnbein’s discovery 
natural and synthetic substances give fibres of guncotton ” (Phil. Mag. 1847, 31, 7) that 
which satisfy all these requirements. the chief credit should be given for the discovery 

In the broadest possible terms the processes of (cellulose nitrate. This was found by Menard 
of rayon manufacture consist of liquefaction in 1846 and indej)endently by Maynard in 1848 
of the fibre-forming substance and extrusion of to be soluble in a mixture of ether and alcohol 
this as filaments which are subsequently giving a solution known as “ collodion,” the 
solidified. Genemlising again, the capital diffi- transparent films from which were used in photo- 
culty of rayon manufacture is the attainment of graphy from 1860 onwards. The publicity 
uniformity. This statement should perhaps be that cellulose nitrate received from its many 
qualified in the case of rayon staple-fibres, since important applications, and the fact that it 
these can be blended like cotton or wool, but no was the first substance suitable for forming 
such levelling of ine(|ualitie8 can bo applied to fibres to become readily available, are doubtless 
continuous filaments. Continuous-filament rayon the reasons why the first rayon process patented 
from its nature has a comparatively uniform and was the cellulose nitrate process of Audemars 
regular form, so that any irregularity, in par- (B.P. 283, 1855). His process showed a curious 
ticular any periodic irregularity, is strikingly connexion with sericulture in using mulberry 
obvious. A similar irregularity would probably bast fibres as the raw mater^. Filaments were 
jpass unnoticed among the sporadic irregul^/rities formed by dipping stoel spikes into the collodion 
inherent in staple-fibre yarns. For this reason a and then withdrawing them upwards so that the 
perfectly uniform rayon yam which is slightly fine streamers of solution formed filaments by 
defective in other ways is preferable to a rayon evaporation of the solvent. This crude method 
yam which is irregular though free from other was superseded through the introduction of single 
defects. A perfectly uniform rayon yam can be hole spinnerets suggested by Ozanam (Oompt, 
obtained only by perfectly uniform chemical and rend. 1862, 56, 833). 

mechanical processes. Audemars* patent marks the beginning of the 

With rayon staple-fibres, strength, elasticity experimental period which extended to 1889, in 
and special dyeing properties have^ a greater which year Count Chardonnet started the first 
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rayon factory at Besangon (J. Soc. Dyers and 
Col. 1914, SO, 199). Between 1884 and 1893 
Chardonnet took out a large number of patents 
in France, England, Germany, America and 
Switzerland. From these patents it apiH^ars 
that the early spinning machines were arranged 
so that the collodion was extruded upwards 
through a row of single hole spinnerets, first into 
water and then into a chamber where the solvent 
was evaporated by means of a counter-current 
of hot air. The filaments were hardened in this 
chamber and groups of filaments were led up¬ 
wards' and collectecl on rotating spools. 

In spite of the addition of various fireproofing 
substances (G.P. 38368 Cl. 29) this rayon was 
highly inflammable, and was called “ mother-in- 
law silk ” by the textile workers of Lyons who 
said a man could rid himself of his mother-in- 
law by presenting her with a tlress made of 
this material (J. Soc. D3^crN and (-ol. 1914, 30, 
199). 

Sir Joseph W. Swan had also been working 
independently on the production of filaments 
from cellulose nitrate (J.S.CM. 188.5, 4 , 34), but 
for electric lamp filaments, and he had devised a 
process of denitration (with ammonium hydro- 
sulphide) for the production of regenerated cellu¬ 
lose filaments (B.P. 5978, 1883). This process 
was subsequently adopted by Chardonnet and 
was the means of saving his yarns from pro¬ 
scription on the grounds of their inflammability 
(Hard, op. cii.), unfortunately whilst denitration 
reduces the fire hazard, it has the defect that 
it weakens the rayon since it produces serious 
degradation of the cellulose (Davidson, J. Text. 
Inst. 1938, 29 , T208). 

In 1891 the production of the Besan^on 
factory was only about 40,000 lb. per annum, 
but it showed a thirty-fold rise in the next 
thirteen years. Afri^r 1905, although production 
in France, Belgium and elsewhere continued to 
increase slowly for a time, the competition of 
first the cuprammonium j)ro(resH and then the 
viscose process was too great and production 
appears to have ceased altogether in the middle 
of the nineteen-thirties. 

Protein Fibres.—The prot/cin character of 
silk made it obvious that attempts would be 
made to produce fibres from other proteins. 
The earliest patent was that of Hughes (B. P. 67, 
1857) which claimed that artificial fibres could be 
produced from a complicated mixture of which 
gelatine was one constituent. The next attempt 
was that of Ozanam {l.c.) who spun filaments 
from solutions of natural silk. 

Much later Millar (B.P. 15522, 1894) described 
the production from gelatine solutions of silk¬ 
like filaments by evaporation of the solvent as 
they were carried on long travelling bands. 
Subsequently the filaments were insolubilised 
by treatment with formaldehyde, thus fore¬ 
shadowing the present-day method of insolu- 
bilising protein fibres, Millar’s “ Vandnam ” 
rayon was actually produced {Glasgow Herald^ 
January 6, 1898) and from small samples still 
extant, it appears to have been an attractive 
product. Its strength was, however, very poor 
even compared to the low strengths customary 
for rayons at that period, also it had little 
extensibility. In 1903 Hassack, quoted by 


Dreaper (J.S.C.I. 1909, 28 , 1297), gave the 
strength as 0*63 g./den. and the extensibility as 
3*5%. In a later patent (B.P. 6700, 1898) 
Millar proposes to use other proteins, including 
casein, for the production of artificial filaments, 
but his evaporative method of spinning was less 
suitable for the solutions he used than for the 
volatile solvent solutions employed by Char¬ 
donnet. Non-volatile solutions arc better suited 
to wet spinning and Todtenbawpt (B.P. 25296, 
1904, G.P. 170051) was the forerunner of the 
modern practice of spinning alkaline aqueous 
solutions of cjisein into an aqueous a(ud coagu¬ 
lating bath, whi(!h contained formaldehyde to 
har<len and insolubilise the filaments. 

Neither Todtenhaupt’s process nor any of 
the numerous processes that were described in 
the patent literature during the next 30 yeais 
found large scale commercial utilisation until 
Ferretti’s process (B.P. 483807; 483808; 

483809 ; 483810; 510131; 511160) was adopted 
by the Hnia Viscosa Com})any in Ital}’. This 
company began casein-fibre production in 1936. 

According to Ferretti’s sjH'cifications the casein 
is prepared from milk b}^ coagulation with acid 
at p^ 4-5, (The isoelectric range of casein is 
Ph 3*5 “6. Lloyd and Shore, “ The Chemistry 
of the Proteins,” London, 1938, p. 416.) A 
solution is then made by dissolving this casein 
with the aid of 23 litres 35° Bf^ caustic soda for 
every 100 kg. of casein, the solution afterwards 
being diluted until it contains 100 kg. of casein 
in 400 litres of solution. This solution is 
allowed to mature at 24”C. until the viscosity 
has fallen Ruffic'ientl3\ at which stage the matura¬ 
tion may be halted by cooling. The solution is 
spun by extrusion into a coagulating bath con¬ 
taining sulphuric arid, sodium sulphate and 
aluminium sulpliate, the insolubilising action 
of the aluminium being assisted by a subsequent 
treatment in a bath containing formaldehyde, 
together with the addition of sodium chloride to 
diminish swelling in tb(‘ bath. As with fdher 
rayons stretch-spinning is stated to improve the 
strength. 

The aluminium and formaldehyde are each 
supposed to form cross-links binding the protein 
chains together (Dian)ond and Wormcll, J. Text. 
Inst. 19.39, 30 P224) and give the structure 
greater stability than it would have if this were 
to depend on the salt bridges formed by the 
lysine and glutamic acid side-chains alone. 
Additional ways have been proposed of im¬ 
proving the wet strength of the fibres, thus 
Courtaulds, Ltd. and Wormell (B.P. 495885) 
propose to ac^etylate the casein with one or 
other of a number of acetylating agents. 

Fibres from soya-bean protein are being pro¬ 
duced commercially on a small scale in Japan 
under the name of ''SilkooV (B.P. 502047; 
502048). Like casein fibres they have com¬ 
paratively poor tensile properties, a breaking 
strength of 0*5 g./den. and an extensibility of 
3-16% (Sakurada, J. Soc. Chem. Ind. Japan, 
1939, 42, 191B). 

In spite of the many attempts to produce 
artificial protein fibres that should resemble 
silk, the inferior mechanical properties of these 
fibres have always prevented their use as 
substitutes. The fibres made by the Ferretti 
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process, the only successful process to date, are 
no exci^ptions, since they cannot be used alone 
satisfactorily but must be used in admixture 
with other fibres, for example with wool. Had 
it not been for the effort to attain economic self- 
sufficiency in Italy, which imports considerable 
quantities of wool, it is doubtful if there would 
have been miu'h progress in the manufacture of 
casein fibres. As it is there was a production of 
more than 3 million lb. in 1937, and more than 
10 million lb. in 1938. They are also being 
made in small quantities in England by Cour- 
taulds. Ltd., and in Holland by the A.K.U. 

Although the actual amino-acid composition 
of casein is different from that of wool (Lloyd 
and Shore, “ Chemistry of the Proteins,” 
London, 1938, p. 136) both are proteins and pos¬ 
sess similar dyeing properties, though generally 
casein fibres dye more rapidly than wool 
(Grundy, J. Soc. Dyers and Col. 1939, 55, 345). 
However casein fibres are much more sensitive 
to hot aqueous treatments than are wool fibres, 
and particailarly in the i)re8enc‘e of dilute aqueous 
alkalis, casein fibres become plastic above 90‘^'f^ 

Although, like wool, casein fibres have con¬ 
siderable extensibility, unlike wool they have 
inferior elasticity (Heim, J, Text. Inst. 1939, 30, 
P213). In spite of this and in spite of the absence 
of scales from the surface of casein fibres, when 
mixed with wool they improve the felting proper¬ 
ties of the latter, although alone they possess no 
felting properties (Diamond and Wormell, Lc.). 

Cuprammonium Process.—The fact that 
cuprammoniura hydroxide was a solvent for 
cellulose was discovered accidentally in the course 
of other work by Schweizer (J. pr. Chem. 1857, 
[ij, 72, 109). No application of this discovery 
was made until towards the close of the nine¬ 
teenth century when a number of inventors, of 
whom Despaissis (F.P. 203741, 1890) was the 
first, devised processes to utilise tSchweizer’s dis¬ 
covery for the manufacture of rayons. In 
Despaissis’s process the solution of cellulose in 
cuprammonium hydroxide was extruded through 
spinnerets and coagulated in a dilute acid bath. 
Unfortunately Despaissis did not live to develop 
his ideas and the cuprammonium process lan¬ 
guished for a number of years until almost 
simultaneously Pauly (B.P. 28631, 1897), 

Fremery and Urban (P.I\ 6557, 1899) and 
Bronnert (B.P. 13331, 1899) specified the con¬ 
ditions necessary for successful manufacture. 
These three patients describe the precautions to 
be adopted in preparing the cellulose solution. 
Both in Bronnert’s and in Fremery and llrban’s 
patents it is recommended that the cellulose 
be partially degraded to obtain solutions less 
viscous than those from undegraded native 
celluloses. 

In 1898 the Glanzstoft' Company began pro¬ 
ducing cuprammonium yams in Germany ac¬ 
cording to the processes of these early workers. 
Later the same company operated a works in 
Wales which was taken over by Courtaulds, Ltd., 
during the war (1914-18) and converted to 
viscose production. 

At the present time the cuprammonium pro¬ 
cess stands third in order of production. It is 
being worked in England, in America and on 
the Continent. i 


Cotton linters are used as the source of cellu¬ 
lose, these are kier-boiled and then bleached in 
large hoUanders to remove impurities and to 
depolymerise the cellulose somewhat so as to 
obtain reasonably fluid solutions at useful 
concentrations. After bleaching, the linters are 
washed and hydroextracted preparatory to 
dissolving them in cuprammonium hydroxide 
solution. The cuprammonium solvent can be 
made in several ways and it is known that it 
has better solvent powers the higher the copper 
content and the lower the content of anions 
other than hydroxyl or carbonate. However, 
the solvent power of a cuprammonium solution 
containing acid ions can be improved by the 
addition of caustic soda. 

The spinning solution may be prepared by 
mixing together the bleached cotton linters, 
ammonia, basic copper sulphate and caustic 
soda solution to obtain a 7% celliilosc solution. 
In the abaen(!C of air and light this solution is 
perfectly stable and it can be spun immediately 
after it has been filtered. The filtration, how¬ 
ever, need not be through such fine filters as 
with viscose or ccUulose acetate solutions since 
the spinneret holes used are so much larger in 
this process. This is convenient since only 
inorganic filter materials such as fine nickel 
gauze can be used because of the solvent power 
of the solution on organic fibres. 

Although Lehner (G.P. 58508 Cl. 29, 1890) had 
invented a process of stretch-spinning for cellu¬ 
lose nitrate filaments, it docs not appear to have 
had the same success as Thiele's stretch-spin¬ 
ning process (B.P. 8083, 1902) in the cupram¬ 
monium method of making rayon. By means 
of Thiele’s invention spinneret holes of 1 mm. 
diameter could be used and yet fine filaments 
could be produced. This was made possible 
becatise the setting of filaments was carried out 
very slowly in hot water, instead of rapidly in 
an ackl, and during this slow setting the fila¬ 
ments could be stretched to many times their 
original lengths. Hy this device filaments finer 
than 012 denier could be produced and yarn 
with filaments finer than 1 denier was sold in 
England during the first decade of this century 
(Dreaper, .1. ISoc. Dyers and Col. 1937, 53, 436). 
Not only did stretch-spinning permit finer fila¬ 
ments to bo made than those that could be 
produced by any other process, but because 
of the bettor and more uniform orientation of 
the cellulose chains brought about during the 
stretching and the comparatively small degrada¬ 
tion of the cellulose in the process as a whole, 
stronger yams were produced than by other 
rayon processes. This unique position has 
changed, for viscose and acetate can now be 
stretch-spun, and highly stretched, and highly 
polymerised cellulose rayons produced from 
viscose and acetate are now made commercially. 

Filtered cuprammonium-cellulose solution is 
forced along pipelines under pressure to the 
spinning room, where the pipes subdivide to 
feed the different spinning machines. Because 
of the large spinneret holes used, unlike those 
used in the viscose and acetate processes, 
individual spinning pumps are not necessary 
and one spinning pump can be used to a group 
of spinnerets. The spinnerets are made of 
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stainless steel and have the holes arranged in a 
single circle. The holes are 0*8-1 mm. in dia¬ 
meter. 

A modern version of Thiele’s stretch-spinning 
arrangement is shown in G.P. 421339, Cl. 29a 
in which each of the spinnerets is immersed in the 
preliminary coagulating bath of water at 40- 
5()'^C. contained in a glass cylinder which has a 
coaxial glass funnel inside it. The hot water 
enters at the bottom of the cylinder and flows 
upwards in the annular space till it reaches the 
top of the funnel. The water then flows down 
the funnel with a velocity that increases as the 
diameter of the funnel decreases. I’he filaments 
extruded from the spinneret, which is mounted 
just above the mouth of the funnel, are carried 
down the funnel by the stream of water. As 
they travel down the funnel the filaments are 
gradually coagulated by the diffusion of th(‘. 
hydroxyl ions out of the filaments and at the 
same time the acceleration of the stream of 
water due to the narrowing of the funnel 
stretches the filamenia. The coagulated fila¬ 
ments emerge from the bottom of thc^ funnel 
together with the stream of water which is 
allowed to fall downwards whilst the filaments 
are carried to one side as in B.P. 284fil8. Jn 
the machine described in this patent the fila¬ 
ments next pass through a combined guide and 
aiad bath, where they are treated with dilute 
sulphuric acid which neutralises the alkalinity 
and dissolves out the copper. After this the 
filaments are collected in an untwisted state on 
an acid-proof swift. Alternatively the filaments 
may be twisted and collected in a sj)inning pot 
(B.P. 299038). 

It is interesting that Freniery and TTban 
(B.P. 6735, 1899) comment on the troubles 
attendant on bobbin spinning, which they say 
is owing to the contraction on drying of the jelly- 
like wet filaments. This difficulty has been the 
bugbear of all bobbin spinning processes and 
has been largely responsible for their superses¬ 
sion in favour of other methods of colleiding wet 
cellulose filaments. In the modern cupram- 
monium process an arrangement is used like 
that in G.P. 432285 of 1925, whereby the yarn 
is spun on to swifts of normal hank girth, which 
are collapsible, and from which tl»e yarn is 
removed in the form of hanks for washing and 
drying. This procedure, wherein the yarn re¬ 
ceives no twist, is practicable only because the 
filaments in each yam adhere together, although 
they will separate on subsequent handling. If 
the filaments were entirely free from one another 
the yams would become hopelessly entangled and 
impossible to wind in the absence of any twist. 

When cuprammonium rayon is spun on to 
swifts, these must be removed from the spinning 
machine at intervals and the individual hanks 
from each spinneret must be laced with three or 
four tie bands. The swifts can then be collapsed 
and the hanks removed. They are processed 
by similar methods to those which were usual 
in the viscose industry until recently. The 
processing consists in hanging groups of hanks 
on to rods which are conveyed under a series of 
sprays to wash and finish the yam. Normally 
the yams are first washed free from acid with 
water and afterwards with soap or other soften¬ 
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ing agent. The yarn is finally dried and 
conditioned. 

In England only one company, British Bem- 
berg, is at present operating the cuprammonium 
process. Their yams range in denier from about 
35 up to about 180, although the filaments all 
have the same fine denier of 1*3. 

Owing to the intense price competition be¬ 
tween the different processes waste of any kind 
has to be avoided. In the cuprammonium pro¬ 
cess this entails recovering the copper from the 
acid wash-liquors. 

Viscose Process.—The viscose reaction 
which produces a water soluble xanthate of 
cellulose was discovered by Cross, Bevan and 
Beadle (B.P. 8700, 1892). But attempts to spin 
satisfactory filaments from solutions of cellulose 
revealed a succession of difficulties, and it was 
many years before the process emerged from the 
experimental stage. According to Hard {op, cit.) 
the process was first commercially established in 
France, for although the earliest works had been 
startcfl in England it was not until 1912 that it 
was firmly established here. 

Wood pulp is the cellulose raw-material most 
used. It should have a low resin and ash content 
and a high content of a-eellulose (r. \T)1. Jl, 
4fi0r, 46.55). Th(' jmlp sheets should be soft ami 
free from hard lumps. Taken ovei' a f>eriod of 
yt‘ars there has been a tendency for pulps of 
higher and higher a-cellulose-contents to be 
used in the industry. Mow according to Hebbs 
(J. 8oc. Dyers and Col. 1939, 55, 550) the average 
value for rayon pulps is 89*5% a-cellulose. 

(kdlulose wood pulp is not a homogeneous pro¬ 
duct but consists of a mixture of celluloses with 
different degrees of polymerisation (Schielver, 
Papierfabr. 1939, 37, 245). The least poly¬ 
merised or most degraded ones are the so-called 
hemi-c<‘lluloses which are alkali-soluble. These 
are to some extent leached out in the mercerising 
process, and contaminate the mercerising lye, 
and are conHe([uently umh'.sirable. Highly 
pcilymerised celluloses giv^e rise to very viscous 
viscoses which are difficult to handle and for this 
reason are also undesirable in the normal pro¬ 
cess. On the other hand Mark has shown 
theoretically that more highly polymerised {i.e. 
longer) molecules are more easily aligned by 
stretching than are less highly polymerised ones 
(Trans. Faraday 8oe. 1933, 29, 6). For this 
reason in spinning highly oriented viscose rayons 
by the Lilienfekl process (B.I*. 274521) it was 
found that it was advisable to eliminate alto¬ 
gether the ageing process. The resultant viscose, 
though more dilute in cellulose than usual, was 
still very viscous and presented special problems 
in transport. 

The sheets of pulp are mercerised in mer¬ 
cerising-strength caustic soda, usually about 
18%, at about 20"C., for 1-2 houi‘s under con¬ 
ditions which will ensure uniform penetration 
of the pulp {v, Vol. II, 4655). 

The swollen sheets are next submitted to pres¬ 
sure at about 200 lb. per sq. in. to remove excess 
lye and to yield an alkali cellulose containing 
28-30% cellulose and 15-15*5% sodium hy- 
hydroxide. Both the mercerising and pressing 
are often carried out in a mercerising press of 
the kind shown in B.P. 7893, 1912. 
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The sheets of pressed alkali cellulose are now 
disintegrated in a machine with revolving arms 
such as that described in O.P. 400378 Cl. 29a. 
The disintegration is carried on for 2-3 hours 
until the alkali-cellulose now in the form of 
“ crumbs ” occupies about a litre for every 
3(K>-350 g. 

The crumbs are emptied into sheet-Hteel vessels 
which are covered with lids and .stored in a 
thermostatically Cfontrolled room for 2-3 days. 

During this storage or “ ageing ” there is 
oxidation of the cellulose by the oxygen of the 
air enclosed in the porous mass of crumbs 
(Davidson, J. Text. Inst. 1932, 28, T95). Con¬ 
sequent upon the oxidation there is a progressive 
fall in the viscosity of the viscose made from 
the aged crumbs, the relation of time and 
viscosity being approximately hyperbolic. Ac¬ 
cording to Scihieber (lx.) this is because the 
more highly polymerised cellulose ciomponents 
only are broken down into shortcr-chain ch'IIu- 
loses, but Lachs, Kronman and Wajs (Kolloid-Z. 
1938, 84, 199) c'onsider the order of heterogeneity 
remains the same although the mean chain 
length is decreased. 

The presence of iron, copper and nickel ac¬ 
celerates the oxidation of cellulose in the presence 
of alkali (Davidson, l.r.) and although Lotter- 
inoser and Wultsch (Kolloid-Z. 1938, 83, 180) 
confirm this effect on the ageing for traces of 
iron, they find copper has no influence. A rise 
in the ageing temperature produces more rapid 
oxidation of the alkali cellulose. 

The xanthation or churning whereby the 
alkali-cellulose crumbs are <!on verted into cellu¬ 
lose xanthate is carried out in rotating churns 
in a thermostatically-controlled room at be¬ 
tween 20 and 25°C. The crumbs are placed in 
the churn which is closed and set rotating slowly 
whilst the predetermined quantity of carbon 
disulphide is introduced through a holl(»w trun¬ 
nion. The reaction is exothermic and there is 
usually a temperature rise of 5-8‘^'C. At first 
there is a rise of pressure in the churn due to 
the rise of temperature. After this the pressure 
falls, at first slowly and then rapidly as the 
carbon disulphide reacts. At the same time 
the colour of the mass changes from a creamy 
white to a yellow and then to an orange at 
which stage the reaction is stopped by evacuating 
the excess of CSg from the churn and subse¬ 
quently emptying the contents into the dissolver. 
The usual reaction time is 3-4 hours. 

According to Lieser (Micheel, ** Chemie de 
Zucker u. Polysaccharide” Akad. Verlag, 1939) 
it is the hydroxyls attached to the C2 atoms of 
the glucose residues which react. The usual 
proportion of carbon disulphide is 32% on the 
weight of the cellulose which is theoretically 
sufficient to xanthate every glucose residue, but 
only one in two of the glucose residues is 
xanthated. The proportion is statistical since 
about half the cellulose chains are not xanthated 
(Lieser, Annaien, 1930, 488 , 132). An explana¬ 
tion based on the accessibility of the cellulose 
has been put forward by Lieser-Hall (Papier* 
Fabr. 1988, 36, 272) and Schramek {ibid. 1938, 
36y 226) who suggest that the reaction may be 
intermiceUar. 

The cellulose xanthate is dissolved in dilute 


caustic soda by mechanical agitation to give a 
solution containing usually about 8-5% cellulose 
and 6-5% sodium hydroxide. The viscose thus 
obtained is filtered, and rijiened until ready lor 
spinning. 

Viscose solutions differ from cuprammonium 
solutions of cellulose and solutions of cellulose 
nitrate and acetate, in that the latter are reason¬ 
ably stable when kept in closed vessels, whilst 
viscose is unstable. Under normal conditions 
of temperature there is spontaneous decom¬ 
position due to a com bination of hydrolysis and 
saponification (Klauditz, ibid. 1939, 37, 251), 
the sodium cellulose xanthate giving sodium 
carbonate, sodium thiocarbonate and cellulose. 
The reaction probably proceeds heterogeneously 
in such a way that there is a mixture of varying 
proportions of (;elliiIose and dicicllulose xanthate 
(Frenkel, Cellulosochem. 1928, 9 , 25), the latter 
doenavsing and tlu‘ former increasing as the 
decomposition or ripening proc-eeds. Onty the 
com men ially uneconomic method of refrigera¬ 
tion will retard this process, so that under normal 
work.s conditions viscose made on a given day 
must be spun on another given day. In fact the 
only alternative to continuous production would 
be to clean out all the pipelines and storage 
vessels whe/iever the process was to be halted. 
The compulsion of this was seen during the stay- 
in strikes in France in 1936 when ” Tlie silk 
workers at Lyons, who not only have occupied 
an artificial silk factory, but have kept part of it 
working . . . have now furnished . . . (an) 
explanation of their motives . . . bec^ause the 
viscose used in the manufac^ture ... if allowed 
to lie idle, would solidify in the machines and 
do damage which would take at least 2 weeks 
to repair ” {Times, September 18, 1936). 

The necessity to ripen viscose in order to 
achieve satisfactory spinning was discovered at 
an early stage by Steam (B.P. 2529, 1902 ; 7023, 
1903), and the methods claimed to obviate this 
process have not been found satisfactory in 
practice. 

Ripening can he measured in several ways, of 
which the most important are the amount of 
combined sulphur and the ease of coagulation. 
The latter is the more common in works practice 
and can he carried out by determining the 
number of c.c. of 10% ammonium chloride 
solution required to coagulate 20 g. of viscose 
(Hottenroth, Chera.-Ztg. 1915, 89 , 119). The 
older and riper the viscose the less ammonium 
chloride is required and the lower the ripeness 
number. Nowadays viscoses are being spun 
at ripeness figures above 10, since the less ripe 
the viscose the less is its contraction on drying. 
There is a difficulty in using unripe viscose, as 
this is liable to give “ milky ” filaments unless 
the various conditions are pi*operly adjusted. 

Ripening is done in steel vessels kept in a 
cellar at constant temperature. During the 
operation the opportunity is taken to filter the 
viscose by forcing it under about 4 atmospheres 
pressure through presses from one vessel to 
another. It is most important that all mineral 
particles and undissolved fibres that might 
block the holes in the spinnerets, be removed 
by filtration. To this end open ffitenng media 
like cotton wool and flannelette are betto than 
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hard closely woven filter cloths. One of the 
advantages of the former is that their rate of 
decay of filtering efficiency is slower than that 
of the latter (Hermans and Bred4e, Rec. trav. 
chim. 1935, 680). Other conditions being 

equal one of the indications of good viscose is 
the absence of undissolved fibres, and therefore 
a batch with which the filter presses show a slow 
rate of decay. 

During the last few hours of the ripening 
proc'ess, the vessels containing the viscose are 
placed under vacuum in order to remove air 
bubbles and dissolved gases which would inter¬ 
rupt the flow of viscose from the spinnerets and 
cause breakdown in the spinning. When the 
time has arrived for spinning, the viscose vessel 
is put under air pressure and the appro[)riat(‘ 
valves opened to connect it with the j»ipeline 
to the spinning room. Tlie large bore pip(‘ 
leading from the ripening room subdivides into 
smaller pipes leading to the individual spinning 
machines. These pipes run along both sides of 
each spinning machine and are tapped at short 
intervals to supply the spinning pumps, whidi 
deliver a flow of viscose to the spinnerets that 
within reasonable limits is independent of the 
back pressure. The early method of controlling 
the flow of viscose and through this the denier 
of the filaments was by means of the pressure 
applied to the viscose solution. This method 
was unsatisfactory since variations of viscosity 
or of spinneret hole size caused variations in the 
rate of flow and of the denier. The old method 
of control was superseded at the beginning of 
this century by the use of measuring pumps 
(B.r. 16605, 1903; 5766, 1905). The first 

pumps had single pistons only and the inevitable 
variation of delivery rate had to be smoothed 
by the use of a small air bottle on the delivery 
side of each pump. Later multiple piston 
pumps (B.P. 17876, 1907) and gear wheel pumps 
(B.P. 28320, 1912) were devised whereby more 
uniform rates of flow are obtained. The latter 
type of pump is simpler, but is more sensitive to 
variations of back pressure and wear than is the 
multiple-piston-type pump (Mortgat, “ La 
Fabrication de la Soie Artificielle par le Precede 
Viscose,” Paris, 1930, p. 221 ef seq.). 

The viscose delivered by the measuring pump 
is forced through a candle filter, then through a 
short length of pipe (made of glass or of steel 
covered with lead) which connects with the 
spinneret. This arrangement with slight varia¬ 
tions is universally adopted and together with 
the use of multiple-hole spinnerets was described 
in Topham’s B.P. 23157, 1900. 

The spinneret is made of a material which will 
withstand the action both of hot dilute acid and 
of dilute caustic soda. Obviously only a limited 
range of materials have sufficient chemical re¬ 
sistance for the purpose. Pure platinum and 
its alloys with gold, palladium alloys with gold, 
glass, porcelain and tantalum alone or inset with 
synthetic rubies have all been used at one time 
or' another. In recent years tantalum has 
become the most popular spinneret material, 
la:^ely on economic grounds. 

The number of holes in the spinneret controls 
the number of filaments spun. In the case of 
oontinuous-filament yarns they range from 18 up 


to 129, whilst for staple-fibre spinning they 
range from 500 up to 2,(K)0. The size of the 
hole, although it does not affect the denier, is 
decided by the filament denier that can be spun 
through it; with a given composition of co¬ 
agulating bath, the finer the filament that is 
required the smaller must be the hole from 
which it is spun (Bronnert, B.P. 174961). The 
usual dimensions of spinneret holes are 0*08- 
0*10 mm. diameter. 

It is imj>ortant that the side walls of the holes 
have a high polish since this retards the accretion 
of foreign matter and prolongs the life of the 
spinneret. Also it is important that the holes 
are all (*f equal size since otherwise filaments of 
different deniers will be spun by the same 
spinneret. 

3'he viscose as it emerges through the holes 
in the spinneret undergoes several changes con¬ 
currently : (1) coagulation with the formation 
of a ” skin ” begins even before the filaments 
have left the sjaiineret hole; (2) attenuation of 
the filaments sets in owing to the sjieed of collec¬ 
tion of the filaments being greater than the 
velocity of the viscose solutitin through the holes 
in the spinneret, as Ost showanl in spinning 
cuprammonium solutions (Z. angew. Chem. 1918, 
31, 141); (3) dehydration of the filaments starts 
because the osmotic pressure of the coagulating 
bath solution is greater than that of the viscose 
solution (Lottermoser and Schiel. 1930, 

48. 80). The eharacteristie serrations of viscose 
cross-sections are due to 1 and 3, wdiilst the 
greater orientation of the skin ” is due to 1 
and 2, together with the effect of streaming 
orientation (Preston, J.8.0.1. 1931, 50, T199; 
Nature, 1931, 128, 796; Lobering, l*apier-Fabr. 
1939, 37, 9). An alternative explanation of the 
” skin ” effect has been put forward by Sisson 
in a recent paper (J. Physical Chem. 1940, 44, 
513). He show’s that the X-ray results agree 
with a tangential arrangement of the (101) planes 
of the cellulose crystallites in the “ skin ” due 
to the radial shrinkage of the filaments. 

The exact stage during coagulation at which 
stretching or drafting will produce the best 
effect in orienting the cellulose crystallites in the 
filaments is important. If the drafting occurs 
in the spinneret whilst the interior of the fila¬ 
ments is not coagulated, only the skin will 
be oriented, on the other hand if the filaments 
are dehydrated too much there will not be 
sufficient freedom for the crystallites to align 
themselves without a partial breakdown of the 
structure (Hermans and collaborators, KoUoid- 
Z. 1937, 81, 143, 300; 1938, 82, 58; 1938, 83, 
71). The optimum condition for the appli¬ 
cation of draft lies between the two extremes 
and is conveniently carried out in practice 
when the filaments as they leav^e the coagulating 
bath are stretched betw’een two godet wheels, 
the second of which is run at a higher peripheral 
speed than the first (B.P. 388344; 424824; 
481777). Increasing the draft increases the 
strength of the filaments but decreases their 
extensibility (Tomonari, J. Cellulose Inst. 
Tokyo, 1937, 18, 23). 

Many of the early difficulties of the viscose 
process were connected with the coagulation of 
the filaments and various improvements were 
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Htiggested as the process developed, 
of 1902 claims that viscose filaments which have 
been coagulated with acid and as a consequence 
contain precipitated sulphur, may be desul¬ 
phurised with a sodium sulphide solution to 
produce colourless and lustrous rayon. However, 
acid alone is not satisfactory since the decom¬ 
position is too rapid and gives weak filaments 
containing hollow spaces (Bredee, Chem. 
VVeekblad, 1933, 30, 51). For this reason double 
baths were used, the first a salt bath to coagulate 
the viscose and the second an acid bath to 
decompose the xanthate and to regenerate cellu¬ 
lose. With gradually increasing knowdedge it 
became possible to compound a bath satis¬ 
factorily (‘ombilling coagulation and decom¬ 
position. The first lo do this was Muller (B.P. 
10094, 1906) who proposed to use a bath con¬ 
taining a high concentration of sodium sulphate 
together wdth sulphuric acid. Low concentra¬ 
tions of sodium sulphate have little effect, but 
when the relative concentration of sodium sul¬ 
phate to sulphuric acid approaches 1 : 1 there 
is a rapid improvement in the strength of the 
filaments produced, with increasing sodium sul¬ 
phate concentration (Bredee, l.c.) Although 
iVliiller’s invention w^as a marked advance, the 
coagulating power of sodium sulphate alone is 
scarcely suflicient to harden the filaments so 
that they wdll not adhere together when they 
arc pressed in cfintact at the guides and on the 
collecting device. Consequently yarns spun in 
this bath are liable to bo hard ami wiry. Cross- 
sections of filaments coagulated in this bath, 
when the filaments have had sufficient time to 
harden before coming into contact, are round 
to oval in shape and lack the marked serrations 
characteristic of modem viscose rayons spun 
in baths of greater coagulating pow'er (Hunger, 
Doud and Sugarman, State Eng. Exper. Sta. 
Bull. Georgia, 1938, 1, 21; Jager, Kunstscide, 
1931, IS, 325; Bronnert, J. Soc. Dyers and Col. 
1922, 38, 153). In spinning, the ripeness of 
the viscose, the composition and temperature 
of the coagulating bath, the denier of the fila¬ 
ments, and the time of contact of the filaments 
with the bath arc interrelated with one another 
and with the tensile properties of the spun 
filaments. Scherer and Hussey have shown 
that there is an optimum set of these condi¬ 
tions in spinning experiments using the Muller 
bath (Ind. Eng. Chem. 1930, 22, 594; 1931, 23, 
297). When the filaments have come into contact 
before they have been sufficiently hardened 
their cross-sections have a polygonal shape. 

Very full data for the solubility of sodium 
sulphate in the system H20~H2S04—Na2S04 
at temperatures between O'" and 82*5' (X are given 
by Faust and Esselmann (Z. anorg. Chem. 1926, 
157, 290). 

IMltiller mentions the use of zinc sulphate, but 
the greatly enhanced coagulating power of a 
bath containing an alkali sulphate plus a small 
amount of zinc sulphate was first expressed in 
the composition claimed by Courtauld and 
Napper (B.P. 406, 1911). The exact con¬ 
centration of zinc sulphate is very important 
since Poznanski (Rayon Text. Monthly, 1939, 
20, 501) has shown that the rate of decom¬ 
position of viscose is decreased by increased zinc 


concentration. This ex])lains why Tomonari 
(l.c.) found that increasing the zinc concentration 
decreased the spinning tension. Thus con¬ 
centrations of zinc sulphate above about 2% 
produce so impermeable a skin on the filaments 
that under normal (conditions the xanthate in 
the interiors of the filaments is incompletely 
decomposed by the acid in the bath. However, 
if the spinning conditions are suitably arranged 
so that decomposition is finally (completed, then 
the coagulated but temporarily undecomposed 
filaments are in a condition suitable for stretch¬ 
ing to give improved orientation (B.P. 467500). 
The Lilienfeld process (B.P. 274521 ; 274690; 
281351 ; 317608) utilise(i the plasticising proper¬ 
ties of concentrated mineral acids used as 
coagulating baths to enable filaments to be 
highly oriented by stretching, during spinning. 
A spinning machine such as d("soril)ed in B.l\ 
297618 or 317912 is necessary in order to 
prevent damage to the filaments from lengthy 
(‘ontact with the concentrated acid. The process 
was worked in England, 192f>-30. 

In coagulating baths (containing about 1% 
zinc sulphate plus different concentrations of 
sodium sulphate the deviation of the cross- 
sections of the filaments from circularity, which 
is best measured by Base's c(jefficient (J. Soc. 
Chem. Ind. Japan, 1932, 35, 367B), is greater 
the higher the concentration of sodium sulphate 
(Hunger, l.c.). The deviation from circularity 
of the filaments spun in a given bath is practically 
independent of the denier (Okajima, J. Cellulose 
Inst. Tokyo, 1935, 11 , 39). 

Magnesium sulphate when used together with 
an alkali sulphate behaves similarly to zinc sul¬ 
phate in increasing the coagulating power and 
producing filaments with serrated cross-sections, 
however a higher concentration of magnesium 
than of zinc must be used (Verhave, B.P. 2485, 
1915). 

In the course of time there has been a tendency 
to spin less and less ripe viscose, in order to 
improve the quality of the yarn produced. 
This has demaTided baths of increased coagu¬ 
lating power, such as the use of a mixture of 
sodium sulphate, magnesium sulphate and zinc 
sulphate (Bergen, B.P. 216125). 

With a given filament denier and coagulating 
bath a certain time is required for complete 
decomposition of the viscose. At a constant 
rate of spinning this time will be proportional 
to the length of immersion in the bath and it 
has been found that the length of immersion 
required is inversely proportional to the dia¬ 
meters of the filaments (Inoiie, J. Soc, Chem. 
Ind. Japan, 1939, 42, 18B). 

At one time many works used to collect the 
coagulated rayon yam on bobbins, but largely 
because of the difficulties of drying the yam 
on the bobbins and the need for subsequent 
twisting, this method has been discarded in 
favour of the centrifugal pot method, which was 
invented by Topham (B.P. 23157, 1900). In 
this method the yam as it leaves the godet wheel 
is allowed to fall vertically into a funnel 
mormted on an arm whicdi holds it on the axis 
of the pot. The pot, which has the form of a 
truncated cone of very small angle, rotates at a 
speed of 6-7,000 r.p.m. about a vertical axis. 
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The centrifugal force pulls the yam through the 
tip of the funnel and throws it against the inner 
wall of the pot, where it gradually builds inwards 
a cylindrical layer of yam. In order that the 
yarn shall bo evenly distributed v’erticaUy and 
that the “ cake ” of yam which is formed shall 
have reasonable mechanical strength, the funnel 
is given a reciprocating motion along the axis of 
the pot, with a constant velocity and as nearly 
as possible instantaneous reversal at the end of 
each traverse. 

Rotation of the spinning pot not only cf>Ilect8 
the yam but also twists it. This imposes a 
limitation, since a twist of about 2^ turns per in. 
is usually re(}uired. and as the spinning pot 
cannot be run economically at much higher spe^eds 
than those given above, the yarn speed cannot 
be greater than about 00-70 metres per minute. 
This limitation applies neither to bobbin spin¬ 
ning nor to staple fibre spinning since in neither 
case is the yam twisted whilst it is spun. In 
these cases the limitation lies solely in the 
necessity for a sufficient time of contact between 
the coagulating bath and the filaments for them 
to be completely coagulated. Speeds of 100- 
200 metres per minute are practicable. 

Until quite recently the next oj^eration after 
the cakes had been spun was to reel these into 
hanks and then to wash, desulphurise and 
bleach the yam in hank form. This is still 
done to some extent but not universally as 
formerly. The method which is coming into 
general use is to give the wTt tre^atments to the 
yarn in cake form and then to dry and sell the 
yarn still in cakes. There are several reasons 
for the change. One is that the yarn in hank 
form, containing as it does only about 2| turns 
twist per in., is very liable to entanglements and 
mechanical damage. This is avoided when the 
processing is done in cake form. Another reason 
is that processing in cake form can be more 
highly mechanised and consequently lower 
labour charges are incurred. Against this must 
be set the high capital cost of a satisfactory cake- 
treatment plant, and the fact that only perfect 
and perfectly uniform cakes can be processed 
on such a plant. 

The principle of a cake-treatment plant is that 
' the cakes are arranged in symmetrical groups 
with the bottom of one cake pressed against the 
top of the next, and arrangements are made to 
seal the ends of each group by plates w'hieh 
compress the group of cakes and thus seal the 
joints between contiguous cakes. The various 
w^ash liquors are now forced through an aperture 
in one of the plates into the interior cavity 
formed by the hollow centres of the group of 
cakes. The wash liquors then gradually per¬ 
colate through the interstices of the cakes and 
are exuded from the outside. During this 
washing out of the cakes, filaments of the 
yams receive a uniform and thorough extraction 
(B.P. 361733 ; 483856; 497239). 

The wash liquors which are used successively 
are: 

(1) Water to remove acid and other con¬ 

stituents of the coagulating bath. 

(2) Sodium sulphide or sulphite solution to 

desulphurise the filaments, 

(3) Water to remove the desulphurising wash. 


(4) Acid to neutralise alkalinity. 

(5) Water to remove acid wash. 

(6) A soap or other w^ater-soluble softening 

agent. 

A bleaching treatment with hypochlorite or 
peroxide may be interposed between 3 and 4. 

After the softening treatment as much water 
as possible is removed by hydroextraction and 
the cakes arc then dried and conditioned to 10% 
moisture content . Drying requires more than a 
w^eck and is a critical operation, for if it is 
hurried the outsides of the cakes will dry before 
the insides, they will attempt to contract against 
the resistance of the swollen inner layer-s and 
wdll consequently be strained (B.P. 358847). 

V'iscose and regeneraterl cellulose rayons in 
general show' a much higher moisture adsorption 
at all relative humidities than do native cellulose 
fibres (Obermiller, Textilber. 1926, 6, 765; Z. 
angew. Chem. 1926, 39, 46; Urquart and 
Eckersall, J. Text. Inst. 1932, 23, 163). The 
rayons also show a much greater volume-swelling 
in water than do the native cellulose fibres 
(Preston, “Modern Textile Microscopy,” Lon¬ 
don, 1933, p. 40; Morton, Trans. Faraday Soc. 
1935, 31, 262; Hermans and de Leeuw% Kolloid- 
Z. 1937, 81, 300). The increase in volume is 
about 1()0%, over 90% of which is transverse 
swelling, only about 5% being lengthways 
swelling. The dimensional changes that occur 
in the first drying of the newly spun material 
are still greatcu' (Hermans and de Leeuw, l.c.) 
and are responsible for tJie difficulties in drying 
regenerated (‘elliilose rayons. 

The large volume swelling occurring on wetting 
dry viscose and cuprammonium rayons has been 
turned to good use in producing crCq)e fabrics. 
Yarns with a twist of about 50-60 turns per in. 
are woven into fabrics which are subsequently 
wetted whilst they arc free from tension. 
The wet filaments have a diameter about 40% 
greater than in the dry state and the stresses 
set up by this in the tightly twisted yam can 
only be relieved by untwisting of the filaments 
or by contraction and the formation of snarls 
in the yarn. Since the yam cannot untwist 
because of the weave, only the last can operate 
to relieve the stresses and they result in a shmnk 
fabric with a “ pebble ” effect on the surface. 
In this connection it is interesting to note that 
such a fabric extends in the direction of the 
crepe yam, when it is dried, because of the 
decrease in the diameter of the filaments, but 
the “ pebble ” effect remains. 

Jt is a matter of considerable theoretical and 
practical importance that although the total 
volume swelling remains approximately con¬ 
stant, the lengthways sw^elling is inversely pro¬ 
portional to the orientation of the filaments 
produced by stretching during spinning. Com¬ 
mercial cellulose rayons have lengthways swell¬ 
ings varying from 1 to 8%. A measurement of 
this property is the simplest method of esti¬ 
mating the amount of stretching the rayon has 
had during spinning. 

Cellulose Acetate Process. —The discovery 
of cellulose acetate is ascril)ed to Schiitzen- 
berger (Compt. rend. 1865, 61, 485), but under 
the conditions he used it is probable that the 
acetate produced was that of a degradation 
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product of cellulose. Schutzenbei^er later 
worked with Naudiii on the same problem and 
although there is no indication that they tried 
to spin fibres, it is interesting that Naudin later 
became the manager of the first successful vis¬ 
cose rayon factory, the Soci^te Fran9aise de la 
Viscose (Cross, Manchester Quardian^ March 5, 
1925). 

The problem of producing cellulose acetate 
lies mainly in the difficulty of carrying out the 
necessary reactions without excessive degrada¬ 
tion of the cellulose. This is inherent in the fact 
that acetic anhydride and acetic acid, the usual 
acetylating agents, have a very small swelling 
action on (jcllulose and therefore the reaction 
procjeeds with great difficuilty in the interior of 
the cellulose fibres. This difficulty must be 
obviated in some way. Three methods are 
possible: the fibres can be swollen in some 
suitable agent, and the swelling agent then 
displaced with acetic acid (Olsen, Tnd. Eng. 
Chem. 1938, 30, 524); the cellulose of the 
fibres can be degraded either before or during 
acetylation, thereby making it more readily 
dispersed; the fibres can be i)re-treated in such a 
manner that, although dry when they enter the 
acetylation mixture, they are more easily pene¬ 
trated by this mixture. 

In practice a combination of the second and 
the third methods are used. That is the cellu¬ 
lose (usually cotton lintcrs) is pro-treated so as 
to give it as open and easily penetrated a struc¬ 
ture as possible and acetylation is (‘arried out 
in the presence of a catalyst. The catalysts 
used bring about a depolymerisation of the 
cellulose, but they also have a solvent or sw'elling 
action on the cellulose and thus render it more 
reactive. Franchimont (Bcr. 1879, 12, 1941) 
was the first to suggest the use of a catalyst, 
but Cross and Bevan’s was the first commercial 
process (B.P. 9676, 1894). This and other later 
patents on cellulose acetate granted to Cross, 
Weber and Frankenburg were acquired by 
Prince Guido Henckel von Gonnersmarck, who 
had also financed the early experimental pro¬ 
duction of viscose. His factory in Germany 
subsequently produced the first experimental 
acetate rayon in 1902 according to Mork, Little 
and Walker’s process (U.S.P. 712200, 792149). 

The early processes all produced or envisaged 
the use of fully acetylated cellulose, and an 
important improvement was the partial 
hydrolysis of this to produc’e a cellulose acetate 
soluble in acetone, first suggested by Miles in 
1903 (U.S.P. 733729; 838350; B.P. 19330, 
1906). Although in the conversion of the chloro¬ 
form-soluble triacetate into the acetone-soluble 
form some hydrolysis occurs usually, this appears 
to be a secondary effect. Thus whilst cellulose 
triacetate has a theoretical content of 62*5% 
acetyl expressed as acetic acid, acetone-soluble 
cellulo&e acetates can range from 51*5% to at 
least 60-0% acetyl, i.e, nearly completely 
acetylated cellulose can be acetone-soluble. In 
regard to this there has been an interesting 
observation by Taniguchi and Sakurada (J. Soc. 
Chem. Ind. Japan, 1938, 41, 72B) that cellulose 
triacetate is completely soluble in acetone if 
intimately mixed with an acetone-soluble cellu¬ 
lose acetate. When this observation is taken 


in conjunction with Deripasko and Drujan’s 
statement that a cellulose acetate of 54*7% 
acetyl content can be resolved into fractions 
ranging from 53*8 to 58*5% acetyl (J. Phys. 
Chem. Russ., 1937, 10, 798), it suggests that 
acetone-solubility may depend on the presence 
of a particular constituent rather than on the 
average acetyl content (v. Vol. II, 464d). 

The chief differences between acetone-soluble 
cellulose acetates of different acetyl content is 
that the more highly acetylated ones are more 
stable—they have higher softening points and 
are more difficult to delustre by hot aqueous 
treatments such as are described in B.P. 165164 
and 358574. In fact above 60% acetyl content 
there is no delustring by the former of these 
processes and only sliglit delustring by the latter 
one, but in B.P. 478937 a slightly lower value 
of 56-59% acetyl is claimed to resist dehistring. 
A slight variation is understandable, since the 
exact limit must depend on the conditions of 
dclustring and the (uiterion of lustre. 

The use of high acetyl-content cellulose-acetate 
yarns will be valuable when they are required 
to withstand hot aqueous treatments without 
delustring, for normal ccdlulose-acetate rayon 
cannot be treated w et above 85without loss 
of lustre. 

The moisture adsorption of cellulose is mainly 
a function of the hydroxyl groups present, so 
that it would be expected that the more complete 
the acetylation, the greater would be the reduc¬ 
tion in the moisture adsorption. This expecta¬ 
tion is confirmed by data pu blished by Kanamaru 
and (’hao (Kolloid- Z. 1938, 84, 85) some of which 
are given below. 


humidity. 

MoistiiiT ads()r])iion by 

Viscose 

rayon. 

f'clliiloso 

diacctatc. 

Oelluloso 

triacetate. 

% 

o/ 

0/ 

% 

90 

28*86 

10-98 

6*71 

60 

15*5 

5-7 

3*8 


The values for the triacetate, although low, are 
much higher than would have been expected 
from analogy with cellobiose octa-acetate and 
glucose penta-acetate, which absorb less than 
1% moisture at saturation. Sheppard considers 
that the moisture in cellulose triacetate is held 
in discontinuities or interrnicellar spaces in the 
structure (Trans. Faraday Soc. 1933, 29, 77). 

Cellulose-acetate rayons swell to only a very 
slight extent in water, since very little is ad¬ 
sorbed, and to this property must be ascribed 
the difficulty of producing a “ pebble ” by ordi¬ 
nary wet treatments in fabrics made from cr5pe- 
twisted cellulose-acetate yarns. 

Acetylation is carried out in practice by adding 
gradually 80 kg. of cotton linters (2-3% moisture 
content) to the acetylation mixture, previously 
cooled to which consists of 195 kg, acetio 
anhydride, 326 kg. acetic acid and 10 kg. sul¬ 
phuric acid as catalyst (Lipscomb, CeUulose 
Acetate,” E. Benn, London, 1933). The sul¬ 
phuric acid swells the cellulose and reacts with 
it forming a cellulose sulphate, but is lato 
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replaced by acetic acid (Coltof, Amer. Chem. 
Abstr. 1936, 1634). The reaction is exothermic 
and there is a temperature rise of about J°C. per 
15 minutes for the first 2 hours, after which the 
reaction becomes more vigorotis and the tem¬ 
perature rise must bo controlled so that it does 
not exceed 2-2*5'^C. per 15 minutes. After a 
further 2 hours the temperature should have 
risen to a maximum which should not exceed 
35°C. During the rest of the process the tem¬ 
perature should hill slowly and after 1^ hours 
samples should be taken to ascertain that no 
unacetylated fibres are left. This examination 
is repeated until a perfectly clear solution is 
found (Lipscomb, op. cit., p. 54). 

The cellulose acetate must now be (;onverted 
into the acetone-soluble form by “ ripening,” 
which is done by adding 18 litres of water to 
the acetylation mixture described above and 
storing it at a temperature of about 2DC for 
65-75 hours. Towards the end samples are 
withdrawn, the cellulose acetate precipitated 
with water and tested to ascertain its ripeness. 
It is sufficiently ripe when it will not dissolve 
but becomes plastic in warm chloroform, also it 
should dissolve in 5 c.c. of a hot mixture of equal 
volumes of benzene and alcohol to which rK)t 
more than 2-3 drops of water need be added. 
The cellulose acetate is now precipitated (after 
neutralising the sulphuric acid with 17 kg. of 
sodium acetate) by the addition of 400 litres of 
water. The cellulose acetate is drained, centri¬ 
fuged and washed with water (Lipscomb, op. 
at.). 

The ac^etate must now be stabilised to remove 
traces of sulphuric acid esters which otherwise 
would bring about hydrolysis in the presence of 
water (RogovinandloflFe Org. Chem. Ind. U.S.»S.R. 
1937, 4, 425). This is usually effected by boiling 
with 0-02% sulphuric acid for 1-2 hours (Jeanny, 
Rev. Gen. Mat. Plast., 1938, 14, 7). After this 
the cellulose acetate is washed, hydroextracted 
and dried. It can then be used immediately or 
stored. 

The solution for spinning is prepared by dis¬ 
solving the cellulose acetate in a mixture of 95% 
acetone and 5% water to obtain a concentration 
of 20-25%. The solution must be more care¬ 
fully filtered than in any other rayon process 
because the spinneret holes used are smaller in 
acetate spinning than in the other processes. 
Filtration is carried out in the same manner as 
with viscose except that somewhat higher pres¬ 
sures are needed. The filtering materials used 
are cotton wool, and closely woven cotton and 
silk fabrics. The solution may also be filtered 
through metallic wool to remove traces of sul¬ 
phur compounds (B.P. 465028), which otherwise 
are liable to react with the spinneret metal and 
block the holes ’with incrustations of metallic 
sulphides. 

Cellulose acetate solutions are usually spun by 
evaporative processes, although a large number 
of wet spinning processes have been patented. 
The usual type of spinning machine in England 
appears to be of the type described in B.P. 
165519 and 198023. These patents were granted 
to the British Cellulose and Chemical Manu¬ 
facturing Company, now the British Celanese 
Company. An important patent action was 


started in 1933 and was finally decided by the 
House of Lords in 1934, who held that the 
patents were invalid {Thnes, February 11, 1934). 

Celanese began the commercial production 
of cellulose acetate rayon in 1920, following on 
the parent company’s production of large 
quantities of cellulose acetate dope for military 
use during the war (1914-18). Subsequently 
Celanese, Ltd., Courtaulds, Ltd. and l^ansil, Ltd., 
have been producing cellulose-acetate rayon 
yarns in F^ngland. 

Spinning is done by supplying the cellulose 
acetate solution under about 6 atmsospheres 
pressure by pipelines to the spinning machines. 
The supply pipes are carried to the tops of the 
inacihines and are tapped at intervals to con¬ 
nect with the measuring pumps and final filters 
similarly to viscose spinning. The spinnerets 
are connected immediately below the filters 
and are directed downwards. They are made 
of a non-corrosive base metal alloy such as monel 
metal. They are of larger diameter than is 
UHe<l in viscose spinning and are drilled with 
only a single circk^ of holes, the sizes of which 
range from 0'05 to 0-07 mm. diameter for fila¬ 
ments from 1 to 5 deniers. 

The spinning is started by wiping the face of 
the spinneret with a cloth damped with acetone, 
when, if the operation is carried out skilfully, 

I the filaments fall freely from the spinneret. As 
they fall they meet an ascending column of dry 
air at a temperature of 48-58‘’Ch (B.P. 407024) 
in the tall rectangular spinning chamlx^r. As 
the filaments descend the acetone is progres¬ 
sively evaporated and carried away in the air 
which is withdrawn through apertures at the 
top of each chamber and taken through ducts 
to the acetone-recovery plant. When the fila¬ 
ments reach the bottom of the chamber which 
may be 12 or more feet high depending on the 
speed of spinning, the filaments have lost most 
of their acetone content and are sufficiently 
hard not to adhere when they come in contact 
with one another. They are then collected 
together and led through an aperture in the 
front of the chamber, over a lubricating device 
and then round a cylindrical steel godet cylinder 
which controls the spinning speed. From the 
godet they are carried to a cap-spinning device 
which simultaneously twists and collects the 
twisted yam on a bobbin. 

Since acetate rayon requires no wet treatments 
after spinning, it is not necessary to give it such 
a high twist as is required for viscose rayon, thus 
although the cap spindle does not run at more 
than about 10,000 r.p.m., it is j>ossible to spin 
at more than 2(K) metros per minute. Cellulose- 
acetate rayon requires no further treatment and 
is ready for immediate use in any normal textile 
operation. 

Processes have been described for improving 
the strength of cellulose-acetate filaments, by 
stretching them (B.P. 465601 ; 469749), such 
yams have about 5 times the strength, but 
only a third of the extensibility of normal 
acetate yarns (Textile World, 1939, 89, No. 9, 

p, 80). 

Highly stretched cellulose-acetate rayon yams 
can be saponified, to produce highly oriented 
cellulose-rayon yams. Saponification is best 
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carried out with an organic amine such as 
ethylenediamine, since the conversion is then 
done without loss of strength (B.P. 417220; 
42910.*!). It is understood that the Celanese 
strong yarn MV is produced in this way. This 
yam has a small residual content of acetyl 
groups and swells to a less extent in cellulose 
swelling agents than do other cellulose rayons. 
Possibly because of its small swelling in aqueous 
solutions it has a low affinity for direct dyestuffs. 
However, the dye affinity can be improved by 
pre-treatment with dilute caustic soda solution 
(B.P. 501768). 

Since most of the hydroxy groups in cellulose 
have been converted into ester groups in cellu¬ 
lose acetate, it is perhaps not surprising that the 
dyestuff’s which had been devised for cellulose 
and protein fibres were useless for acetate rayon. 
Thus in 1920 when the problem of producing 
satisfactory acetate rayon had been solved, 
there still remained the prol)lem of dyeing it. 
The first solution was not in fact a solution at all 
but merely a w'ay of meeting the difficulty. It 
was done by regenerating a “ skin ” of cellulose 
(Preston, Rayon Record, 1930, 4, 651) on the 
surface of the filaments, by partially saponifying 
them with a hot dilute alkali solution (B.I\ 
20672, 1920; 169741). Partial saponilication 

enables acetate rayon to be dyc'd with any 
cellulose dyestuff, but 10-30% saponification is 
required, which of necessity entails a consider¬ 
able loss of weight and some loss of strength. 
The method is now used principally for obtaining 
good whites in discharge prints. A large range 
of special acetate-rayon dyestuffs have since 
been developed. 

Green and Saunders of British Dyes brought 
out the first special acetate dyestuff’s, the 
lonamines, in 1922 (B.P. 197809). This in¬ 
vention was followed by others in which water- 
insoluble dyestuffs were dispersed with emulsify¬ 
ing agents like sulphonated ricinoleic acid, the 
initial letters of which, 8.11.A., have been used as 
the name for one group of thc.se dyestuffs 
brought out by Ellis and the British Celanese 
Company in 1923 (B. P, 219349). The “ Durmiol ’’ 
colours, which were also disjierKcd insoluble 
dyestuffs, were brought out by B.!).('. in 1923. 
These dyestuffs lacked the water-solubilising 
groups {e.g. sulphonic acid groups) which are 
present in water-soluble dyestuffs and which 
were believed to prevent dyeing on cellulose 
acetate. 

Kartaschoff (Helv. Chim. Act. 1925, 8 , 928) 
has shown that the dyeing of acetate rayon with 
dispersed dyestuff’s (consists first in an aggre¬ 
gation of dyestuff particles on the fibre surface 
followed by the solid solution of the particles 
in the fibres. Recently a new class of acetate 
dyestuffs has appeared which have their hydro¬ 
philic groups at the ends of side chains attached 
to the dyestuff molecules (B.P. 435807 ; 437516; 
437745; 431514) (v. Acetate Silk Dyes, 

Vol. I, 39, and Dyeing, Vol. IV, 137). 

Alginate Fibres. — Alginic acid (g.v.) is a 
linear high polymer closely related to cellulose 
in constitution. The chief difference between 
them is that the primary alcohol group of each 
C6 atom in cellulose is replaced by a carboxylic 
acid group in alginic acid (Hirst and collabora¬ 


tors, J.C.S. 1939, 1880). Like ceUuloso, alginic 
acid can be formed into fibres, but the intrinsic 
difficulties of forming fibres from these two sub¬ 
stances are reversed. With cellulose the diffi¬ 
culty is to disperse it in a liquid state before 
extrusion, whilst with alginic acid the difficulty 
is to prevent the spun fibre's from dispersing in 
alkaline solutions. 

Sodium carbonate or hydroxide solutions will 
disperse alginic acid with tlui juoduction of 
viscous solutions which can be spun into fibres 
by extrusion into dilute sulphuric acid (Kring- 
stad and Lunde, Kolloid-Z. 1938, 88 , 202). 
Fibies of the free acid are unsatisfactory since 
they are so easily dispersed, however some im¬ 
provement can be made by conv(Tting the acid 
fibres into calcium alginate fibres by a treatment 
with calcium chloride solution (B.P. 415042; 
492264). 

Galcium and aluminium alginate fibres show' 
excellent anti-erease properties and, in addition, 
bec'ause of their high rninc'ral content, are non- 
inflammable. They behave on ignition similarly 
to weighted silk. The strength of thc'se fibres 
is not as good as that of first quality viscose 
and they show a similar loss of strength on 
wetting. Calcium, aluminium and some other 
metallic alginates althongh insoluble in w^ater 
suffer from the disadvantage that they will not 
stand alkaline' washing, due to base ex(?hange 
taking place with the formation of the soluble 
sodium alginate; chromium alginate, however, 
appears to be free from this disadvantage. 

Alginic acid is prepared from kelp by alkaline 
extraction and is an article of commerce since 
it has other uses besides that mentioned here. 
It can be obtained in the pure form under the 
name of‘‘ Hantjcol’' from Albright and Wilson, 
Ltd. Apart from the use of purified alginic 
acid, certain processes of Japanese origin indicate 
that it is not necessary to separate and purify the 
alginic acid before forming into fibres, but merely 
to disperse and spin various kinds of algse 
(B.P. 417222; 420857; F.P. 826391). It seems 
unlikely that fibres formed in this w'ay can be 
white and transparent without extensive after- 
treatment. 

Alginate fibres have valuable potentialities in 
Britain as the raw material is available in large 
quantities on the Scottish coast. Furthermore 
the process of manufacture appears to be simpler 
than any so far proposed for other artificial 
fibres. 

Synthetic Fibres.—It is only within the 
last few years that molecules of fibre-forming 
substances have been recognised as linear 
polymers of high molecular weight. Many 
problems of fibre structure remain unsolved 
but the general form of fibre molecules has 
been established by a great deal of experi¬ 
mental work. Much of this work, and in fact 
all of the earlier work, consisted of investigations 
of natural fibres and fibre-forming substances. 
The theory of the structure of the macro- 
molecules of natural fibrous substances as linear 
polymers of high molecular weight was arrived 
at by a combination of chemical investigations 
of their degra<lation products and the appli¬ 
cation of the methods of X-ray crystallography 
to the fibres themselves. Other methods of 
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investigation have played an important though 
subsidiary part/. 

In the last 13 years a number of attempts 
have been made to produce fibre-forming sub¬ 
stances of synthetic linear polymers. One of 
the earliest attempts in this direction was the 
production of poly oxy methylenes by Staudinger, 
Johner, Signer, el at. (Z. physikal. Chern. 1927, 
126 , 425). They were able to produce polymers 
estimated to contain more than 50 structural 
units and which although not <*apab]e of forming 
fibres in the textile sense, did give fibrous struc¬ 
tures. This was an interesting achievement 
since it was a deliberate attempt to synthesise 
a fibre-forming substance, but the idea was not 
novel. Already in 1913 an isolated patent had 
been taken out claiming the production of fibres 
from solutions of polymerised vinyl ester (G.P. 
281877, Cl. 39b). 

Since the production of polyoxymethylenc, 
Staudinger and his collaborators have produced 
many other linear polymers, for example poly¬ 
styrene and polyacrylic ai'id. An acc'otint of 
this work up to 1932 is collected in Staudinger’s 
“ Die Hoehmolekiilaren Organischen Verbin- 
dungen,” Berlin, 1932. In addition numerous 
other papers by the same worker have appeared 
since that date. 

Much valuable work on the synthesis and 
properties of linear polymers has been done in 
the laboratories of du Pont de Nemours and Co. 
in the United States anrl a large number of 
papers from these laboratories have appeared 
in the J. Auicr. Chem. Sue. from 1920 onwards 
by Carothers and his collaborators. 

In 1932 Carothers and Hill claimed to be the 
first to have produced “ strong, pliable, trans- | 
parent, permanently oriented fibres ” which 
“ simulate natural silk,” from ” strictly syn¬ 
thetic material ” (d. Amer. Chem. Soc. 1932, 
54 , 1579). In the same gro\jp of papers of 
which this is one, these authors describe the 
production of “ su})erpnlymerH ” which are 
defined as linear polymers having molecular 
weights above ](),00(). They state that to 
obtain a useful degree of strength and })liability 
in a fibre requires a molecular weight of at least 
12,000 and a molecular length of not less than 
1,000a, although somewhat lower values would 
be valid for polyamides, probably because of 
their strong polar groups. The production of 
superpolyesters, mixed superpolyamides and 
superpolyesters, and superpolyanhydrides is 
described, and all these are stated to produce 
fibres of very satisfactory quality. In fact curves 
are given to show, that superpolyesters yield 
fibres after stretc^hing and orienting that rival 
silk in elasticity. Unfortunately superpolyesters 
suffer from the defects of low melting-points and 
considerable solubilities in organic solvents. 
Superpolyanhydrides have the defect of hy¬ 
drolysing on standing in the atmosphere, so that 
superpolyamides and mixtures of these appear to 
be the only ones of these superpolymers free from 
defects (ibid. 1932, 64 , 1559, 1566, 1669, 1579). 

Linear polymers are of two types. The first 
is formed from the monomer by simple addition. 
The second is produced from the monomer by 
the elimination of simple molecules (HgO, HCI, 
NaCb N Hj, etc.). In the latter type the mole¬ 


cular formula of the monomer differs from that 
of the stnictural unit of the polymer. This type 
might also be termed polyintermolecular con¬ 
densation and requires at least two functional 
groups to be present in each monomer molecule, 
e.ff. hydroxy acids might lead to polyesters and 
amino acids to polyamides. Whether or not a 
linear polymer of the second type will be formed 
depends on whether the reaction is intermolc- 
cular or intramolecnilar. If the latter a simple 
monomeric ring will be formed, but if the former 
either a polymeric ring or a polymeric chain will 
be formed. Structural and stereochemical factors 
will usually be of the most importance in de¬ 
ciding whether the reaction will be intermole- 
cular or intramolecular. That is the reaction 
will be chiefly controlled by the nature of the 
reacting molecules and to a less extent by the 
conditions of the reaction. Generally if a 5- or 6- 
membered ring can be formed the reaction will 
be intramolecular, but if a 7- or higher-membered 
ring Avould result, then the reaction is inter- 
molecular with the formation of a linear polymer 
(Carothers, ibid. 1929, 51 , 2548). 

An X-ray study of the superpolyesters of the 
ethylene sebaeate type shows that these possess 
a uniaxial form of crystallite orientation. Clear 
fibre patterns were obtained from which the 
calculated fibre period did not agree with the 
fibre spacing derived from the chemi(;al formula 
on the basis of a planar model. This is ascribed 
to the attractive forces between the ester groups, 
and non-planar models arc given which agree 
with the (experimental n'sults (Fuller and Eritik- 
son, ibid. 1937. 59, 344). Examination of similar 
polyesters by Storks using an electnm diffraction 
method confirms the fibre periods found by the 
X-ray method (ibid. 1938, 60, 1753). 

The molecular size distribution which has 
rec(*ived some attention in the case of cellulose, 
as has been numtioned under viscose, has la^en 
investigated by k'lory, who has given a theo- 
reti(‘Rl discussion for superpolyesters (ibid. 1936, 
58 . 1877). 

Following oil the extensive research work 
done in th(*ir laboratories, which has been briefly 
outlined above, du Font de Nemours and Co. 
have protected the manufacture of synthetic 
superpolymer fibres by a series of patents from 
1931 onwards. In U.S.P. 2U71250 the super¬ 
polyethers, superpolyesters, siiperpolyamides, 
superpoly an hydrides and superpoly acetals, the 
molecular weights of which exceed 10,000 are 
claimed to give strong pliable fibres. These 
fibres give X-ray patterns indicating orientation 
parallel to the direction of stretching. The 
superpolymers are produced by heating the 
necessary K'actants to a temperature of 150- 
300^0. in a molecular stiU at very low pressures. 
In addition detailed claims are made for a 
number of superpolyamides made either from 
a>-aminocarboxylio acids (B.P. 461236) or from 
diamines and dicarboxylic acids (B.P. 461237), 
or from previously formed salts of diamines and 
dicarboxylic acids (B.P. 474999), or from 
diamines and dicarboxylic acids one of which 
contains an O or S atom in the chain connecting 
the reactive groups (B.P. 487734). These are 
stated to give fibres either from melts or from 
solutions in solvents such as phenol. The 
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process of polymerisation is facilitated by the 
addition of about 30% water which is removed 
in the final stages (B.P. 506126). 

Probably for the reasons that Carothers and 
Hill mixed superpolyesters with superpoly* 
amides a non-polymerising amide-forming sub¬ 
stance can l>e added to the diamine-dicarboxylic 
acid mixture (B.P. 495790), and generally melting- 
point depressors of non-polymeric type may be 
added (B.P. 501527). 

The cold-drawing reported by Carothers and 
Hill to give greatly improved properties to 
superpolymer fibres is claimed to be most effec¬ 
tive when the fibres are wet (B.P. 491 111) and a 
further improvement is effected if the super- 
polyamides after extrusion are first rapidly 
chilled before cold drawing (B.P. 501197). A 
variation of the final treatment of the fibres 
after extrusion in which the fibres are cold- 
drawn while wet with a mild swelling agent, 
and then crimped by mechanical means or by 
drying in a relaxed condition gives wool-like 
fibres that can be cut into suitable staple 
lengths (B.P. 514821). Treatment with steam 
can be used to set the form of the fibres (B.P. 
504344). Synthetic superpolyamide fibres made 
by the above processes w^ere put on the American 
market in December, 1939, under the name of 
“ nylon ” which du Pont de Nemours & Co. 
propose as a generic name and not a trade name. 
It is not clear from the statements available if 
the name is intended merely to describe super- 
polyamide fibres or whether it is to include all 
superpolymers. If the latter it w'ould by 
Carothers's definition iiK'ludc cellulose and thus 
overlap the recent American definition of rayon 
given at the beginning of this article. 

Nylon production in the Ihuted States is 
expected to be 4-6 million lb. in 1940 (Text. 
World, 1940, 90, No. 1, p. 52). A description of 
the dyeing properties of nylon has been given 
by White (J. 8oc. Dyers and CVd. 1939, 55, 409) 
{v. Dyeing, Vol. IV, 126rt). 

Apart from nylon no other polymers of the 
interraolecular condensate type have been used 
for fibre production, but numerous polymers of 
the type produced by simple addition at double 
bonds have been proposed for making artificial 
fibres. An early patent on polyvinyl esters has 
already been referred to, but it was not until 
1939 that polyvinyl fibres were produced com¬ 
mercially. In that year the I.G. Farbenindustrie 
exhibited-polyvinyl-chloride-fibre materials at 
the Leipzig Spring Fair, under the name of 
“P.C. whilst in June, 1939, the Carbide 

and Carbon Chemicals Corp. began supplying a 
co-polymer of vinyl chloride and vinyl acetate 
under the name of “ Vinyon^ The I.G. Farben¬ 
industrie patents cover the addition of various 
substances to the polyvinyl chloride which may 
or may not be removed from the final product. 
Both thermoplastic extrusion and extrusion of a 
solution in some such solvent as methylene 
chloride are used (B.P. 473616; 496233; 

508861). 

The process of the Carbide and Carbon 
Chemicals Coip. (U.S.P. 2161766) uses a co¬ 
polymer of vinyl chloride and vinyl acetate 
containing 86~^% of the chloride. This is 
disperaed in acetone to give a dope containing 


23% of co-polymer, which after filtering is dry 
spun by a process similar to that used for cellu¬ 
lose acetate. Though similar there are some 
differtmees between the processes. Thus the 
Vinyon filaments are collected on the bobbin 
without twist, where they are allowed to remain 
for some hours before being wet twisted on a 
duplex ring twister with 6 turns/in. The need 
for wetting during this and other subsequent 
processes is because of the low moisture content 
and consequent great electrical resistance and 
difficulty with static electrification. The twisted 
yarn is stretched about 140% to improve its 
strength and is then “ set ” by immersion in 
water for 2-3 hours at 65"C^. (Text. World, 1939, 
89, No. 8, p. 54). The mechanism of vinyl poly¬ 
merisations has been discussed by Flory (J. 
Amer. Chem. Soc. 1937, 59, 241), and the struc¬ 
ture by Marvel and Levesque {ibid. 1938, 60, 
280) and by many other workers. 

Up to now poiyamide and polyvin}^ chloride 
fibres are the only synthetic fibres with satis¬ 
factory tensile properties that have been pro¬ 
duced, but there is no reason to supyiosc that this 
I state of affairs will persist. Apart from these 
two polymers many others have been used for 
making fibres with more or less success. Thus 
polyethylene (B.P. 472051 ; 5J1054) and poly¬ 
styrene (B.P. 478333) have been protected as 
fibre-forming substaru^es. Siaiidingcr and 
Stanley have described the wet spinning of 
polystyrene fibres. Such fibres, although quite 
flexible at higher temperatures, are unfor¬ 
tunately brittle at normal room temperatures. 
They have the low strength and extensibility of 
only 0*72 g./den. and 6% respectively (Chem. 
and Ind. 1938, 57, 14). 

The properties of nylon, P.C. fibre and 
Vinyon are generally excellent, but there is one 
property in which they are inferior, even to 
cellulose acetate rayon and much more so to 
cellulose rayons and natural fibres, that is in 
respect of their moisture absorption. The 
reason is the complete absence of hydrophilic 
groups ill some cases and in other cases the 
comparatively small number of these groups in 
the synthetic polymers in comparison with 
cellulose, fibroin and keratin. The importance 
of the hygroscopicity of wool fibres used in 
clothing has been indicated recently (Cassie, 
J. Text. Inst. 1940, 81, T17) {v. Fibres, Animal. 
Wool, this Vol., p. l()7c). 

Continuous Production of Rayon. 
Nowadays rayon ready for immediate use is 
produced by the acetate process without any 
interruption between the extrusion of the fila¬ 
ments and the collection of the twisted yam. 
Most other processes are discontinuous. The 
normal viscose and cuprammonium processes are 
carried out in a series of steps in which the yarn is 
extruded in the first step, washed in the second 
and dried in the third. The reason for the differ¬ 
ence betw'een the acetate process and the viscose 
and cuprammonium processes is obvious, after 
even a superficial consideration of the sequences 
of operations involved. The acetate process is 
entirely dry, whilst the viscose and cupram- 
monium processes require a sequence of wet 
treatments. Yet the fact remains that trans^ 
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parent films are made by continuous viscose 
and cuprammonium processes, so that there is 
no fundamental difficulty in the way of con¬ 
tinuous-rayon yam production by wet processes, 
provided a number of difficulties can be over¬ 
come. The chief of these is the necessity of 
giving a sufficient length of time for each wet 
treatment, and this necessitates the accommo¬ 
dation of some 30 metres of yarn in each wet 
process without occupying an excessive floor 
space. 

The earliest attempt to wet-spin yarn con¬ 
tinuously was l.^hner’8 pro(!esa (Swiss P. 4984, 
Cl. 19) which was devised in the last decade of 
the last century, for the wet-spinning, deni¬ 
trating and twisting of rayon produf^ed by a 
nitrate process. The twisting device used was 
an ordinary cotton type flyer frame. 

In a later patent continuous production by 
either the viscose or cuprammonium processes 
was claimed to give improved yams (B.P. 16495, 
1907), drying being accelerated by first heating 
in the presence of steam (U.P. 20630, 1899) 
though it is not clear how the difficulty of the 
length of treatment was to be overcome. The 
first practical solution of this difficulty was 
proposed by Eck ((I.P. 300254, (3. 29a). In his 
machine the freshly spun yarn was carried round 
two sets of driven rollers arranged on tw'o ])arallel 
axes one above the other. In its passage the 
yarn was displaced step-wise along these rollers 
whilst at the same time passing through the 
required sequence of baths. Finally the yarn 
was dried and collected. The arrangement w^as 
reasonably compact, but it may be surmised 
that it was a very diffnailt operation to lead the 
yarn round the rollers when starting the spin¬ 
ning. Another machine for the same purpose 
was described by Denis in 1920 (B.P. 125394), 
but Eck’s machine was the more practical 
thought it does not appear to have been used 
on a commercial scale {cf, “ Staple Fibres,” 
next column). 

The Furness machine, B.P. 378467, was a great 
advance on any of the earlier continuous spin¬ 
ning machines. It contained a mechanism for 
automatically displacing turns of yarn along a 
rotating cage and it appears to be the prototype 
of the machines which have found large-scale 
application and are described below. 

Recently the Industrial Rayon Corporation of 
America have put into operation a satisfactory 
continuous-spinning process for viscose. Pro- j 
duction is 240 million lb, a year and a saving j 
of \\d. per lb. is claimed. The total processing 
time from the extrusion to the dry twisting of 
the yam instead of requiring several days is 
completed in 4J minutes, (Jentgen, Kunstseide, 
1939, 21, 327, 374; Text. World, 1939, 89, 
No. 10, p. 86). The difficulty of providing suffi¬ 
cient length of treatment in a compact space 
has been solved by a special form of bobbin 
consisting of two sets of interlaced bars. As the j 
bobbin rotates the sets of bars move in relation 
to one another in such a way that the yam 
wound round the bobbin is progressively dis¬ 
placed from one end of the bobbin to the other 
(B.P. 413413; 413414). In this way successive 
windings of yam never overlap and about 70 
turns of yam are slowly travelling along each 


bobbin, being wound on at one end and led off at 
the other. The length of the bobbin is 7-8 in. 
and the diameter 5-6 in. so that there are about 
100 ft. of yam on each bobbin, and assuming 
the spinning speed to be normal, the yam will 
be held on the bobbin for about 30 seconds. 
This is found to be sufficient for the successive 
wet treatments and for the final drying. The 
yarn travels downwards from bobbin to bobbin 
lor each successive treatment and all the bobbins 
are compactly arranged and easily accessible. 
The yarn is finally twisted and c ollected on a cap¬ 
spinning device as in acetate spinning (B.P. 
474973 ; 474974 ; 475023). 

Staple Fibres. —Because of the preoccupation 
of the early rayon producers with the problem 
of making a substitute for silk it is not surprising 
that in the early days of the industry scant 
attention was given to the production of staple 
fibres. One of the difficulties was the economic 
one, that staple-fibre rayon would have to com- 
jxite with wool and cotton and consequently 
would have to sell at a much lower price per lb. 
than (continuous filament rayon which was in 
competition with silk only. Another ditiiculty 
w^as that, in the early days at least, rayon w^as 
used mainly for fabrics not subjected to hard 
wi‘ar whereas staple-fibre rayon as a cotton and 
wool substitute, would be expected to be much 
stronger. It was only when improvements in 
technique which minimised these difficulties 
combined with the necessity of Germany to 
replace imports of wool and cotton stopped by 
the bloc^kade, that large-scale production of 
rayon staple-fibres began in Germany during the 
war (1914-18). The earliest rayon staple-fibre 
patent had been obtained a few years before 
1914 by Pellerin who realised that production 
could be cheapened since uniformity was not of 
the same importance as in continuous-filament 
production (B.P. 7748, 1910). 

Obviously any continuous-filament rayon can 
be converted into staple fibre by the mere act 
of cutting it into short lengths. In the early 
productions this method was used for viscose 
and cuprammonium staple-fibre although, unless 
it was a matter of disposing of waste rayon, 
much thicker strands of filaments were spun in 
staple-fibre processes so that a great number of 
fibres <M:)uld be produced at each cut. These 
thick strands were produced by combining the 
bundles of filaments from a number of multi¬ 
hole spinnerets (B.P. 7562, 1913; 163312). 

This was the first step in the dire(‘tion of cheapen¬ 
ing the process by the introduction of mass pro¬ 
duction methods. The next step was obviously 
to convert the normal discontinuous viscose and 
cuprammonium processes into continuous pro¬ 
cesses. This has been discussed in relation to 
continuous filament rayon in the last section. 
The difficulties in respect of staple-fibre pro¬ 
duction are similar though not so great since 
breaking or damaging a small proportion of the 
filaments is unimportant. The earlier apparatus 
was similar to that used for continuous-ffiament 
rayon, that is the strand of filaments was 
washed, bleached and dried whilst passing round 
a series of drums (B.P. 286603 ; Fr.P, 625049). 
It was then cut into staple lengths. Produced 
in this way the fibres were too straight for satis- 
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factory spinning on cotton or wool machinery, 
and methods have had to lie devised to give the 
fibres a crimp or curl. During recent years 
many methods have been proposed for this 
purpose. One method was to run the fibres 
through a nip between pairs of fluted rollers 
before cutting them (B.P. 291120). The method 
adopted now is to cut the fibres at some stage 
during the wet processing and to allow the 
various liquid treatments (and the drying with¬ 
out tension) to distort the fibres and produce as 
much curlinefes as possible whilst they are carried 
along a travelling band. In addition various 
devices have been suggested in order to in¬ 
tensify this, such as stretching the filaments 
before cutting (B.P. 499671) or by cutting 
coagulated but not decomposed filaments (B.P. 
509572) in order to increase their contraction 
after cutting. Numerous cutting machines 
have been devised, some of which include 
arrangements for crimping the fibres at the 
time of cutting (B.P. 498184 ; 501299 ; 504792 ; 
507289; 507406; 508228; 511867). 

Another way in which staple-fibre production 
has been imj)rovcd is in using high speeds of 
spinning since the limitation imposed by the 
spinning pot or other twisting device used in 
continuous-filament production does not apply. 

Electrical Spinning. —Except for the 
earliest processes mentioned all those that have 
been described so far have used spinning machines 
in which the fibre-forming substance has been 
extruded through spinnerets and collected by 
mechanical means. Up to now this has been the 
only method which has been successful com¬ 
mercially, but it is not the only method avail¬ 
able. Another method is electrical spinning. 

In 1900 Cooley described a method of forming 
filaments by extruding a stream of spinning 
solution (though the method should apply 
equally to a melt) into a high tension electric 
field, whereby the stream breaks up into fila¬ 
ments which harden by evaporation of the sol¬ 
vent and are later collected (B.P. 6385, 1900). 
Recently other electrical spinning processes 
have been descriljed (U.S.P. 2048651; B.P. 
492966; 514736). These processes are most 

suitable for use with non-aqueous solutions and 
it is possible that some sufjh process may be 
used for large scale staple-fibre production if 
certain inherent difficulties can be overcome. 

Modification of Pkoperties. 

In the early days the high lustre of rayon was 
an advantage, but later it was found desirable to 
modify this in order to produce novelty yarns 
and yams with a softer and more silk-like lustre. 
Other modifications also have become desirable 
for special purposes, such as modification of the 
dyeing properties or even of producing coloured 
yams. These modifications have been achieved 
in practice by incorporating various solid and 
liquid substances in the spinning solution before 
extrusion. As far as the general spinning pro¬ 
cesses are concerned it is immaterial if these 
additions are dissolved or dispersed in the 
spinning solution, always provided in the latter 
alternative that the particles are sufficiently fine. 
The particle size usually found satisfactory lies 
in range 01-10^. 


The earliest modification proposed was that 
contained in Wagner’s G.P. 137255 of 1901. 
In this it was proposed to add various iri¬ 
descent fine pow'ders to cellulose nitrate solu¬ 
tions before extrusion in order to produce 
opaque filaments. 

Very many substances have been suggested as 
additions to spinning solutions in order to reduce 
the lustre of the spun filaments. Of these the 
most important have been petroleum jelly as an 
addition to viscose (Uourtaulds, B.P. 273386) 
which gives a moderate reduction of lustre, and 
titanium dioxide (Singmaster, B.P. 339603 ; 
342743) which may be added to any spinning 
solution and gives a perfectly mat or chalky 
appearance even if present to the extent of only 
about 3%. 

More particularly in the case of staple fibre 
it has become necessary to confer the property 
of dyeing with acid dyestuff’s upon cellulose 
rayons in order that these will dye a solid or 
approximately solid shade when admixed with 
wool. This has been carried out by adding 
vuirious nitrogenous substances to viscose and 
cuprammoniurn solutions before spinning. Many 
8ui)stances such as natural proteins, and syn¬ 
thetic resins containing free amino-groups have 
been used (Er. P.840773; B.P. 501603 ; 501611; 
509852). 

Rayons containing pigments and dyestuff's 
are spun but the range of shades available is 
I very limited. 

j General Properties of Rayons. 

Fine Structure. —Rayons, in common with the 
natural fibres, consist of linear polymers of 
high molecular weight. They are long chain 
compounds in which the chain unit is repeated 
many hundreds of times. The textile qualities 
of the fibres are governed mainly by the cha¬ 
racter and arrangement of these chains. Con¬ 
sidering the chains in more detail, the important 
factors are—(1) The chemical nature of the 
chain unit, which controls such properties as 
moisture adsorption, solubility and melting- 
point ; (2) the number of units in the chain, 
often termed the degree of polymerisation or 
inversely the degree of degradation, which con¬ 
trols strength and flexibility and also modifies 
the solubility and melting-point; (3) the cross¬ 
links between the chains and the distance be¬ 
tween the chains, whidi control the solubility, 
the extensibility and the elasticity (Mark, 
Nature,- 1938, 142, 937); (4) the arrangement 
(or orientation) of the chains in relation to one 
another, which has a marked influence on the 
tensile properties and the anisotropy (Hermans 
and collaborators, KoUoid-Z. 1937, 81, 143, 300 ; 
1938, 82,59; 1938,83,71). 

The effect of the chemical nature of the chain 
unit can be best seen by considering the different 
rayons. As a first example the difference be¬ 
tween the properties of the hydroxyl groups of 
cellulose and the ester groups of cellulose acetate 
is reflected in the higher moisture adsorption of 
the former, and the fact that only the latter is 
soluble in organic solvents such as acetone, 
chloroform, methylene chloride and acetic'acid. 
Again the different properties of the hydroxyl 
and acetyl groups in the degree of their as- 



129 


FIBRES, ARTIFICIAL, OR RAYON. 


sociative forces are shown for instance in the fact 
that cellulose acetate will melt whereas cellulose 
will not. As other examples the amino- and 
imino-groups of casein and supt^rpolyamide 
fibres (nylon) confer the ability to dye with acid 
dyestuffs, whilst the considerable proportion of 
hydrocarbon chain in the polyamide molecule 
gives it a very low moisture absorption and 
allows it to melt without decomposition. 
Similarly the absence of hydrophilic groups in 
polyvinyl chloride fibres (Vinyon, P. C. fibre) 
confers a negligible moisture absorption. 

Irrespective of whether it is a matter of 
depolymerising a highly polymerised natural 
substance like cellulose or casein, or of poly¬ 
merising a small molecule like styrene or vinyl 
chloride, the chain length or degree of poly¬ 
merisation is a decisive factor firstly in deciding 
the possibility of fibre formation and secondly 
in influencing the properties of the fibres formed. 
In the case of polystyrene Staudinger (“ Lie 
Hochmolekularen organischen Verbindungen,” 
Berlin, 1932, p. 186) states that a degree of 
polymerisation of 1,200 is needed before fibres 
can be produced from the polymer. Similarly 
with the polyesters of co-hydroxydecanoic acid 
Carothers and Van Natta (J. Amer. Chem. Soc. 
1933, 65, 4714) state that only very short and 
weak fibres can be produced with a degree of 
polymerisation of 33, a degree of polymerisation 
of 100 being required for easy spinning of fila¬ 
ments with a fair strength {cf. Synthetic Fibres, 
p. 124d). 

For obvious reasons most interest up till now 
has centred round cellulose, and this shows 
relations between the degree of polymerisation 
on the one hand and spinnability and strength 
on the other similar to those of the synthetic 
polymers. According to Staudinger and Reinecke 
(Kunstseide, 1939, 20, 281) with a degree of poly¬ 
merisation below 200 the tensile properties are 
very bad, from 300 up to 800 there is a steady 
improvement in these properties, but beyond 
1,000 there is only a negligible further improve¬ 
ment. As the viscosity of cellulose solutions 
increases progressively more rapidly the higher 
the polymerisation, the highest usable viscosity 
sets a limit to the highest degree of polymerisa¬ 
tion of the cellulose that can be used. This lies 
somewhere about 800 at present. 

From Staudinger and Reinecke’s data native 
cellulose fibres have a degree of polymerisation 
of 3,000 and modern wood pulps of 800 to 1,000. 
The regenerated cellulose rayons generally have 
lower values. Amongst rayons those made from 
cellulose nitrate had the lowest values for the 
polymerisation, which was between 115 and 200, 
normal viscose rayons have somewhat higher 
values of about 300, cuprammonium rayons 
have higher values again of about 660, whilst 
specially strong modern viscose staple fibres 
have the highest values of up to 800. 

The idea of reducing the solubility in water 
and aqueous solutions of artificial protein fibres 
and simultaneously of improving their mechani¬ 
cal properties by introducing cross-linkages with 
formaldehyde is contained in Millar’s, ‘ Toden- 
haupt’s and Ferretti’s processes ’ {cf. Protein 
Fibt^, p, 116). A simikr application of form¬ 
aldehyde treatments to cellulose rayons was 
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made by Strehlenert (B.P. 22540, 1896) and 
Eschalier (B.P. 25647, 1906), the latter’s process 
being known as “ sthenosing.” More recently 
cross-links formed by formaldehyde-urea con¬ 
densations and by the condensation of other 
substances in cellulose rayons, have been used 
to obtain “ anti-crf5ase ” effects (Elod and 
Etzkorn, Angew. Chem. 1938, 61, 45). Cellulose 
fibres treated with resins in this way have 
reduced moisture adsorptions and resist solution 
in cellulose solvents such as strong sulphuric 
acid and cuprammonium hydroxide. 

When fibres or fibre-forming materials are 
stretched, whilst the materials are plastic due to 
swelling or heating, the chain polymers are 
oriented parallel to the direction of stretching. 
When the plasticising influence is removed the 
chains set in their new configuration. The 
structure has increased strength and decreased 
extensibility in the direction in which the stretch 
was applied. Stretching during or after spin¬ 
ning is applied to all rayons with the object of 
improving their strengths. 

A number of theoretical and experimental 
investigations have been made of the problems 
of stretching fibrous materials in general and 
cellulose fibres in particular (Hermans and 
collaborators, Z.r.; Kratky and collaborators, 
Kolloid-Z. 1937, 80, 139; 1938, 84, 149, 268). 
Although the theoretical and experimental 
curves relating stretcliing to the anisotropy of 
swelling follow somewhat divergent courses, 
the maximum possible stretcli is found to be 
about 1 : 2 in each ease. This applies to swollen 
gels measured in the swollen state. If, however, 
the unstretebed and maximum stretched fibres 
are dried, the ratio of length is then 1 : 4, since 
the unstretched fibres contract on drying much 
more than the stretched fibres. The former 
authors give curves showing the marked in¬ 
crease of strength of cellulose fibres as a randomly 
oriented fibre is stretched into one which is 
completely or nearly completely oriented parallel 
to the direction of stretch. Data on the effect 
of stretching the new polyvinyl-chloride rayon, 
vinyon, show that a 2(X)% stretch gives an 
increase of wet strength from 0*8 to 3*2 g./den., 
whilst the wet extensibility decreases from 110% 
to 10% (Text. World, 1939, 89, No. 7, p. 55). 

It has been possible to measure the ani¬ 
sotropy of the tensile properties of stretched 
cellulose films (Mark, “ Physik und Chemie der 
Cellulose,” Berlin, 1932, p. 53), but no data are 
available for fibres because of the difficulty of 
making such measurements in any other direc¬ 
tion than that of the fibre axis. In the case of 
cellulose fibres the anisotropy has been investi¬ 
gated and many other properties related to the 
orientation of the cellulose chains produced by 
stretching, and a number of relationships have 
been found. The most important anisotropic 
properties are; the anisotropy of swelling 
(Hermans and collaborators, l.c.); the refractive 
indices (Preston, Trans. Faraday Soc. 1933, 29, 
65); the dichroism of dyed fibres (Preston, 
J. Soc. Dyers and Col. 1931, 47, 312 ); the 
polarised fluorescence of dyed fibres (Morey, 
“ Report to the Textile Foundation,” U,S.A. 
1933; Text. Research, 1933, 8, 325; 1934, 4, 
491 ; 1936, 6, 106, 483). 
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The standard method of measuring the orienta¬ 
tion of the chains is by photometric measure- 
ments on X-ray photographs obtained with 
copper radiation (Sisson, Ind. Eng. Chem. 1930, 
27, 51; Go and Kubo, J. Soc. Chem. Ind. Japan, 
1936, 39, 458B; Berkley and Woodyard, Ind. 
Eng. Chem. 1938, 10, 451). 

Visible Structure .—The influence of the flne 
structure is modified by the microscopically 
visible structure, of which the important factors 
are: 

(1) The size and shape of the fibre cross- 
sections, which affect the flexibility, the cover¬ 
ing power and the apparent depth of colour for 
a given concentration of dye. 

(2) The presence of planes in the fibre surface 
not parallel to the fibre axis and optical hetero¬ 
geneity in the fibres which reduce the lustre. 

(3) The angle of twist of the fibres about the 
yarn axis, which also affects the strength and the 
lustre. 

The size of rayon filamemts and yams is 
generally given in terms of denier, where the 
denier is the weight in g. of 9,000 metres of the 
filament or yarn. 

Yarns with fine denier filaments are softer 
and more flexible than those with coarse fila¬ 
ments. There is practically no limit to the 
fineness or coarseness of the filaments that can 
be spun but the very coarse ones are only useful 
as artificial horse-hair and the very fine ones are 
difficult to spin and fragile in use, consccpiently 
for ordinary textile purposes a limited range of 
filament deniers from about 1 to about 6 are 
the only ones generally produced. Yam deniers 
in common use range from 75 to 300. 

Other conditions being constant fine filament 
yarns have a greater covering power and dye 
an apparently lighter shade with a given con¬ 
centration of dye than do coarse filament yarns. 

Normal rayons have solid homogeneous fila¬ 
ments, the surfaces of which are bounded by 
planes parallel to the filament axis. Such rayons 
possess the best lustre since there is the maxi¬ 
mum possible gradient of brilliance with varia¬ 
tion of the directions of illumination or viewing. 
Any planes in the surfaces of the filaments 
which are not parallel to the filament axis reduce 
the gradient of brillian(;e and thereby reduce 
the lustre. Optical heterogeneity in the interiors 
of the filaments operates in the same way 
(Preston, J. Soc. Dyers and Col. 1931, 47, 136). 

Normally the twist of rayons is so small 
(2-3 tums/in. in viscose, J tum/in. in acetate 
and no twist at all in cuprammonium) that the 
filaments lie nearly parallel to the yam axis. 
In this condition rayon yam shows the greatest 
lustre since the filament surfaces lie as nearly 
as possible parallel to the yam axis. In crepe 
twisted rayon yams, containing twists up to 60 
tums/in., the filament surfaces lie at all possible 
angles to the yam axis with the consequence 
that light reflected from the yam is scattered 
equally in all directions, the gradient of brilliance 
approaches zero and the yam appears mat. 
For a similar reason rayon staple-fibre yams, 
which contain a fairly high twist, though not 
such a high twist as erdpe yarns, have a lower 
lustre than flat ” continuous filament yams. 

When a yam is twisted, the central laments 


are merely twisted about their own axes, but 
the outer filaments have to follow a spiral path 
round the central core. The tangent of the 
angle of the spiral is proportional to the dia¬ 
meter of the yam multiplied by the number of 
tums/in. Now since the length of the spirals 
of the outer filaments in a given length of yam 
is greater the greater the spiral angle, twisting 
the yam sets up stresses in the outer filaments 
which are relieved by these extending and the 
yam as a whole contracting. Crepe twisted 
yams as a consequence have deniers 20-30% 
greater than the “ flat ” yarns from which they 
were twisted. 

A further consequence of the spiral formation 
of the filaments in highly twisted yarns is that a 
stress applied to the yam is unequally distri¬ 
buted amongst the filaments of which it is 
composed. With 150 denier yams twists up to 
about 20 turns/in. have only a small effect on 
the strength, but with higher twists there is a 
progressive and rapid decrease of strength 
(Hamm and Cleveland, Bur. Stand. J. Res. 1931, 
7, 617). With staple fibre yams some twist is 
necessary to bind the fibres together and to 
produce any strength at all. In this case the 
first effect of increasing the twist from zero is 
to increase the strength up to a maximum which 
depends on several factors and with normal 
yarns lies in the region of 20 tums/in.; beyond 
this increasing twist produces a similar decrease 
in strength to that found with continuous fila¬ 
ment yams (Ashton, J. Text. Inst. 1935, 26, 
P16, P177). 

Strength and Extensibility ,—Strong and weak 
are terms freely applied to textile materials, 
but as ordinarily used they are rather vague 
descriptions. The textile quality they describe 
is one that is difficult to define quantitatively, 
partly because no absolute standards exist and 
partly because the significance of strength 
varies with the form and function of the textile 
material. Thus in a rayon yarn strength usually 
means the breaking load per denier under certain 
arbitrary conditions, whilst in a fabric the term 
strength is often used to denote ability to with¬ 
stand the stresses encountered in normal use. 
ITItimately, of course, all stresses appHed to a 
fabric must be borne by the yarns of which it is 
constructed, but the manner in which the 
stresses are distributed amongst the individual 
yams will depend in part at least on their ex¬ 
tensibility. Stresses will be better distributed 
and, consequently, there will be less chance of 
a breakdown occurring, with extensible yams 
than with inextensible yams. Effective strength 
is thus a function of both breaking strength and 
extensibility. For the foregoing reason the last- 
named properties taken together are a much 
better measure jof the quality of a rayon than 
breaking strength alone. It is important to 
consider them together for another reason, 
because with any given rayon strength is 
directly and extensibility is inversely propor¬ 
tional to the degree of orientation. As a first 
approximation the product of strength and 
extensibility is constant with cellulose rayons 
of a given degree of polymerisation, indepen¬ 
dently of whether the values are for dry or wet 
material. Put in other words, the Woric of 
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rupture is approximately constant as will be 
seen for example from the values given by Rose 
{ibid. 1939, 80, 202). The effect of the degree 
of polymerisation on the work of rupture will 
also be seen from Rose’s values for the specially 
strong “ tenasco ” rayons compared with 
normal rayon. 

The breaking strength wet relative to the 
breaking strength dry is another function of the 
degree of polymerisation. The less the cellulose 
is polymerised the greater is the loss of strength 
on wetting. The degree of polymerisation of 
cellulose rayons made by different processes is 
indicated by their fluidities in cuprammoniuin 
hydroxide solution, where the greater the 
fluidity, the less is the polymerisation. Mean 
values from the fluidity data for various rayons 
given by Ridge, Parsons and Comer {ibid, 1931, 
22, Til7) together with mean values for the 
relative wet strengths of similar rayons taken 
(i) from King and Johnson (J. Soc. Dyers and 
Col. 1928, 44, 346), (ii) from Ridge and Bowden (J. 
Text. Inst. 1932, 23, T319), and (iii) from Lilicn- 
feld (B.P. 323731), together with values for 
the degree of polymerisation given by Staudinger 
and Reinecke (/.c.) are tabulated below. 



Fluidity 
of 2% 
Boln. re¬ 
ciprocal 
poises. 

Degree 

of 

poly¬ 

merisa¬ 

tion. 

Kclative 

wet- 

streuRth. 

Lilienfeld viscose . 

4-4 

— 

05% (ii), (iii). 

Cupranimoniuni . 

4-6 

500 

54% (i), 60% 
i (ii). 

Normal viscose 

10-5 

300 

50% (1), 4.5- 
50% (ii). 

Nitrate .... 

16'7 

1 

200 

! 41% (i). 


Ridge and Bowden (/.c.) have shown that 
increasing degradation of the cellulose of cupram- 
monium and of Lilienfeld and normal viscose 
rayons, as measured by fluidity, is directly pro¬ 
portional to the loss of strength both dry and 
wet. The dry and wet strength-fluidity relations 
run parallel, with the latter displaced towards 
the zero strength axis. Since for a given in¬ 
crease in fluidity both the dry and wet strengths 
fall by an equal amount, it follows that with 
higher fluidities the relative wet strength 
becomes smaller, Staudinger and Reinecke 
{ 1 , 0 ,) have published curves showing a similar 
relation between strength and fluidity, but in 
addition give values for the degree of polymeri¬ 
sation. 

Since the early days of the industry there has 
been a steady improvement in the tensile pro¬ 
perties of regenerated cellulose rayons. This 
has been mainly due to the production of yams 
Gomj^sed of progressively less and less degraded 
cellulose. From this cause modem rayons lose 
le^ strength on wetting than the older ones, as 
will be seen from the table shown at the top of the 
next column, also the breaking strengths are 
higher for a given extensibility with the modern ! 
than with the older rayons. In 1896 cellulose | 
rayon regenerated from cellulose nitrate lost as 
much as 90% of its strength on wetting I 
(StanOaenert, B.F..22S40,1896). I 


Date, 


liroaking 

Kclative 


llayon. 

stnuigth 

wet 




g./den. 

strength. 


1901 

Nitrate 

117 

% 

19 

Suvern, “Kunst- 





Uche Seide,” 





2nd ed., Berlin, 
p. 223. 

1901 

1922 

Viscose 

0*8 

2.3 

Dreaper, J.S.C.I, 
1909,28,1297. 

„ 

1-50 

33 

Kep. on the 





I)cv. and Use 
of Kayon and 





other Syn. Fi¬ 
bres, U.H.A. 

1927 




1938. 


1*90 

42 

do. 

1932 


2-0 

.50 

do. 

1937 


20 

50 

do. 


The increasing use of stretch spinning has 
contributed to some extent to the increased 
strengths of modern rayon yarns, but when in¬ 
creased strength has been obtained in this W'ay 
alone it has resulted in the production of yarns 
with small extensibilities. Stretch spinning was 
introduced into the cu pram monium process at 
an early stage, anrl as cellulose regenerated by 
this process was comparatively less degraded 
than that produced by the nitrate or viscose 
processes, this rayon u.sed to have the best tensile 
properties (Staudinger and Reinecke, /.c.). The 
position has now been equalised betwt^en the 
cuprammoniuin and the better vis(^ose processes. 
Exceptionally highly stretched yarns of com¬ 
paratively little degraded cellulose w^ere made 
by the Lilienfeld modification of the viscose 
process in England and abroad during the 
period 192()-30. These had dry strengths of 
4-4-61 g./denier and very good relative wet 
strengths, but unfortunately their extensi¬ 
bilities were very small, only 4’3~6*5%, but 
most of this was elastic strain recoverable on 
removing the stress. The extensibilities of 
Lilienfeld but not of normal viscose rayons 
can be doubled without appreciably afiFccting 
the strength by treatment at 25°C. with 7% 
NaO H (B.P. 3^1731). Highly stretched rayons 
made by various processes have reappeared on 
the market both in England and the United 
States, where they are finding a use in motor 
tyre fabrics. English yams having dry strengths 
from 2*4 to 3*6 g./denier are reported by Rose 
(l.c.) and these yams, as well as having very 
good relative wet strengths, have much higher 
extensibilities than the Lilienfeld yams. These 
modem strong viscose yarns are claimed to have 
the added advantage of much higher elasticities 
than have normal viscose yarns. Yarns with 
remarkably high dry and wet strengths have 
been made by the British Celanese Company 
during 1939, but these yams have low ex¬ 
tensibilities. 

Since the war (1914-18) rayon staple-fibres 
have shown similar improvements in tensile 
properties to those shown by continuous 
filament yarns. Jehlo (Angew. Chem. 1938, 
51, 16) has given data for a number of German 
rayon staple-fibres of different dates and types. 
A selection from his values are shown in the table 
at the top of the next page. 
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Breaking strength. | 

Extensl- 

Date. 

Dry. 

Relative 

wet. 

bility at 
break, dry. 

1922-26 . 

2-1 g./den. 

46-6% 

8-4% 

1936-37 . 

2*85 „ 

f>3-7 „ 

19-6 „ 


From what has been said earlier it is apparent 
that moisture affects breaking strength. It also 
affects extensibility. Generally the higher the 
moisture content the greater the extensibility, 
not only at a given load, but also at the breaking 
point. With the “ wet ” values the condition 
of the yam is sufficiently defined in regard to 
humidity, but the (!ondition of the yarn to 
which the “ dry ” values refer needs further 
qualification. Because of the experimental 
difficulties which would be encountered in 
testing perfectly dry rayon and because normal 
air-dry material contains an apprec*iable quantity 
of moisture, “ dry ” values refer to material 
which has been conditioned at 05% relative 
humidity (B.I.S.F.A. Rules for Viscose ('upram- 
monium and Acetate Rayon, 1938 Edition). 

Tables of factors have been published for 
converting breaking strengths obtained at other 
than the standard humidity to the standard 
condition (King and Johnson, Lc, ,• Herzog- 
Wagner, “ Physikalisch-technisches Fasorstoff- 
Praktikum,” Berlin, 1931, p. 114). These 
factors are of dubious value since they vary 
with different rayons, for example, they vary 
with the degree of polymerisation of the 
cellulose. 

When making tensile teats the rate of loading 
is an important factor in the results obtained. 
The breaking strength found increases when the 
rate of loading or extension is increased (Hunter, 
Rayon Text. Monthly, 1936, 17, 739, 805). 
The value obtained varies directly as the 
logarithm of the rate of extension (Bayes, 
J. Text. Inst. 1939, 30, P210). Because of this 
all tests must be made at a standard, if arbitrary', 
rate of loading to obtain comparable results. 

Temperature has a marked influence on the 
tensile properties of acetate rayon. Mark, 
“ Physik und Chemie der Cellulose,” Berlin, 
1932, p. 60, gives values showing an approxi¬ 
mately linear fall in breaking strength from 
1*4 g./den. at 20°C. to 010 g./den. at 120’^C. 
Breuer (Kuntseido, 1939, 21, 324) pubbshes data 
showing that the temperature of the water used 
for wetting rayons when making wet tests has 
a marked influence on the results obtained. 
Increasing the temperature results in an increase 
in extensibility and a fall in breaking strength. 

Tensile data for a large number of rayons of 
all types were published twelve years ago by 
King and Johnson (l.c.) from which it was clear 
that at that time cellulose acetate rayons were 
weaker than viscose rayons both when dry and 
when wet. More recent data given by Herzog 
and Koch, “ Fehler in Textilien,” Heidelberg, 
1938, p. 6, show that normal acetate occupies 
the same relative position, although recently 
exceptionally strong acetate yarns have been 
reported (Textile World, 1939, 89, No. 10, 80). 
Casein fibres’ claim to commercial utilisation 


depends on their chemical properties, since their 
tensile properties are much inferior to cellulose 
rayon staple fibres in respect of wet and dry 
strength and are inferior to wool in respect of 
these properties and in respect of elasticity also 
(Spitalny, Waleschkewitsch and Ljaschtsch, 
J. Text.‘ln8t. 1938, 29, A263 ; Heim, ibid. 1939, 
30, P213; Diamond and Wormell, ibid. 1939, 
30, P224). 

Elasticity .—For the first time since 1926 
when Lilienfeld rayon was launched with the 
claim that it was a great improvement on its 
predecessors because of its remarkable tensile 
properties, a new rayon, Nyloriy ” has been 
launched with similar claims. It is important 
to notice that the emphasis is different now from 
what it was fourteen years ago. In the case of 
Lilienfeld rayon the claim was justly made that 
here was a fibre with great strength, whilst in the 
case of nylon the claim is not merely that it has 
great strength but that in addition it has 
considerable extensibility and elasticity. The 
last item of the claim is most important since 
it is in respe(d of elasticity that all the other 
rayons are most defective compared to silk and 
wool. Thus although the extensibility of 
viscose rayons may range from 16 to 24% the 
elastic part of this is very small and similarly 
for acetate rayons the elastic part of the 
extensibility is only a little greater than that 
of viscose (Ohl, Textilber. 1933, 14, 485). It 
is because of the small elasticity of cellulose 
rayons that they crease badly compared to the 
natural animal fibres. However, they can be 
greatly improved by the Tootal Broadhurst 
Lee Co.’s process (B.P. 291473) of impregnation 
with dimethylolurea which is subsequently con¬ 
densed to a resin in the interiors of the filaments 
by heating. This treatment improves the 
strength and the crease-resistance and reduces 
the swelling of the filaments in water and the 
absorption of moisture at all humidities. The 
reduction of moisture content of the resin- 
impregnated fibres is an important factor in 
improving their elastic properties (Elod and 
Etzkom, Angew. Chem. 1938, 61, 46), since it 
reduces the possibility of relaxation taking 
place with the formation of a stable deforma¬ 
tion. From ordinary mechanical considerations 
the strains imposed on rayon filaments when 
they are bent will be smaller the finer these are, 
so that it might have been expected that these 
would show more resistance to creasing. How^ 
ever, although the reverse has been found by 
Quehl (Textilber. 1939, 20, 76) his results are 
vitiated by the fact that he varied two factors 
simultaneously, the filament denier and the yam 
denier. 

Impregnation with synthetic resin is not a 
satisfactory method of rendering acetate rayons 
more resistant to creasing (Chwala, “ TextilMfs- 
mittel,” Vienna, 1939, p. 418). 

As has been said earlier, the great claim 
made in respect of nylon fibres is that they have 
exceptionally high elasticity. This has been 
borne out by the published data. Up to an 
extension of 8% there is complete recovery on 
removing the stress and at 16% extension there 
is 91% recovery (Amer. Dyestuff Rep. 1939, 
28, 198). These data refer to stresses imposed 
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for 100 seconds; stresses imposed for longer 
periods at extensions which are initially 15% or 
over will result in flow and there will be less 
perfect recovery when the stress is subsequently 
removed. 

Vinyon fibres are also claimed to have good 
elasticity, but no data are available (Textile 
World, 1939, 89, No. 8, 55). 

Casein fibres have very high extensibility but 
poor elasticity in the dry state. For example, 
after stretching to 10% the recovery after 
24 hours still leaves a 6% extension. The 
recovery is better in the wet state (Heim, J. 
Text. Inst. 1939,80, P217). A similar behaviour 
is found with regenerated cellulose rayons 


which show a much better recovery in the wet 
state; also if wetted after stretching, dry 
cellulose rayons will recover most of the original 
stretch (making allowance for the normal 
lengthways swelling when wet) (Weltzien and 
Gotze, “ Chemische und physikalische Tech¬ 
nologic der Kunstseiden,” Leipzig, 1930, p. 137). 
The latter behaviour is a very useful means of 
detecting the presence of latent strains in 
cellulose rayon yarns. 

Typi<;al data, collected from a number of 
sources, for tensile properties, moisture contents 
at 65% relative humidity, densities and melting 
points of various rayons are given in the table 
below. 


Rayon. 

Density. 

M.P. 

Moisture 
ab8or])tion 
at 65% 
R.H. 

] >ry str. 
g./elen. 

W{‘t str. 
Dry str. 

O/ 

/u 

Dry 

extn. 

Wet 

extn. 

Viscose normal 

1-53 

Cliars 

13 

20 

50 

20 

22 

Viscose strong. 

,, 


,, 

3-5 

65 

9 

18 

Cuprammonium . 

,, 

,♦ 

,, 

20 

60 

13 

25 

Acetate normal 

1-33 

250 

6 

L3 

60 

20 

30 

Acetate strong 

,, 

— 


6«8 

80 

7 

1 

Casein. 

1-26 

— 


0-9 

50 

50 

100 

Nylon. 

M4 

240 

4 

50 

88 

20 

30 

Vinyon. 

1-20 

1 

*65 

(0) 

3-4 

— 

11 

— 


* Softens at tins temperature. 


Identification .—The various (dasses of artificial 
fibres, cellulosic, protein and so forth, can be 
easily distinguished by the burning test com¬ 
bined with chemical (sonfirmatory tests; but 
in order to distinguish between the different 
cellulosic. rayons, viscose, cuprammonium and 
partially saponified acetate, and as a check on 
the burning and chemical testa, a microscopic 
examination is essential. A summary of pre¬ 
liminary identification tests is contained in the 
table on page 134. 

When mixtures of rayons are present as in a 
staple fibre yarn the presence of a mixture is 
most easily detected and identified by a micro¬ 
scope. The strength, extensibility and elasticity 
dry and wet give valuable indications even if 
carried out quite roughly in indicating whether 
regenerated cellulose or cellulose acetate rayons 
are of the normal or highly oriented type or 
whether cellulose rayons have been given an 
anti-crease resin treatment. With delustred 
rayons the delustring agent may be an inorganic 
substance which can be identified by igniting 
or dissolving the rayon and examining the resi¬ 
due, or it may be minute air bubbles in the case 
of cellulose acetate or vinyon, or it may be 
some organic substance. Whatever tests are 
used, it should be emphasised that it is important 
that known samples should be available for 
comparison. 

Bibliography. —Hard, “ Romance of Rayon,” 
Manohester, 1933 (historical); Konigsberger, 
“ Die deutsche Kunstseiden und Kunstseiden- 
faseiindustrie in den Kriegs- und Nachkriegs- 
jahren,” Berlin, 1925 (historical and statistical); 


Fliigge, “ Kunstseide,” Leipzig, 1936 (economic 
and statistical); Mortgat, “ La Fabrication de 
la Soie Artificielle par le Precede V^iscose,” 
Paris, 1930; Pellatt, “ Viscose Rayon Produc¬ 
tion,” Manchester, 1931; Lipscomb, “ Cellulose 
acetate,” London, 1933 (manufacturing pro¬ 
cesses) ; Kausch, ” Handbuch der Azetyl- 
zcllulosen,” Munich, 1933 (general reference); 
Bodenbender, “ Zcllwolle Kunstspinnfasern,” 
Berlin, 1939 (manufacturing processes); Cour- 
taulds, “ Fibre in the Cotton Industry,” 
Coventry, 1938 (properties and uses); Weltzien 
and Gotze ” Chemische und physikalische Tech¬ 
nologic der Kunstseiden,” Leipzig, 1930 (general 
account); Silvern, ” Die Kiinstliche Seide,” 
5th Ed., Berlin, 1926 (patent abstracts to about 
1926); suppl., vol. I, Berlin, 1931 (patent 
abstracts, 1926-28); Faust, ” Cellulose Ver- 
bindungen,” Berlin, 1935 (patent hterature to 
about 1935 ); Jentgen, ” Laboratoriumsbuch fiir 
die Kunstseide-u. Ersatzfaserstoffindustrie,” 
Halle, 1923 ; Doree, “ The Methods of Cellulose 
Chemistry,” London, 1933 (Chemical Analysis); 
Herzog, “ Die Mikroskopische Untersuchung der 
Seide und der Kunstseide,” Berlin, 1924; Pres¬ 
ton, ” Modem Textile Microscopy,” London, 
1933 (microscopy); Mark, ” Physik und Chemie 
der Cellulose,” Berhn, 1932 ; Marsh and Wood, 
“ An Introduction to the Chemistry of Cellulose,” 
London, 1938; Staudinger, “Die Hochmole- 
kularen Organischen Verbindungen Kautschuk 
und Cellulose,” Berlin, 1932 ; Mayer and Mark, 
“ The Chemistry of High-Polymers,” London, 
1939 (theoretical and fundamental). 
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Insoluble. Insoluble. Insoluble. Insoluble. ; Slight swelling. Circular or horseshoe. 
I Stained| 

i blue. j 

The above data concerning solubility and swelling apply to observations 
under the microscope when the fibres are treated with the reagent for 
a time not exceeding 5 minutes. j 
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FIBRES, COTTON. —1. General.— Cot- 
ton consists of the long hairs covering the seeds 
of various species of Gossypium, a genus of the 
natural order Malvacese. The cotton plant 
grows as a small shrub or tree. It is of perennial 
habit, but is usually treated as an annual in 
cultivation to avoid damage by diseases an<l 
insect pests. In certain hilly districts of Brazil, 
however, tree forms are grown, which are allowed 
to remain in the ground for 7 or more years. 
When the flower-bud first opens, the flowers are 
generally white or creamy, but they gradually 
become dark red before falling to the ground on 
the third or fourth day. The young fruit re¬ 
mains attached to the flower stalk and enveloped 
in the calyx ; it gradually increases in size and 
is known as the “ boll.” When the boll is ripe 
it dehisces in three to five sections (loculi). 


to it appear in early Hindu sacred books, and 
remnants of cotton string and fabric, identified 
by Gulati and Turner,® have been recovered 
from recent excavations of buried cities at 
Mohenjo-daro in the valley of the Indus, which 
archaeological evidence shows to belong to a 
civilisation existing in 2750-3000 n.c. 

3. Statistical. —During the past 100 years 
cotton has been the most widely used of all 
textile fibres; its annual crop exceeds that of 
all other textile fibres put together. Table I 
shows the average relative productions and the 
average prices of the different fibres for the 5 
years 1932-37. 

This high production of cotton has been 
developed during the last 150 years; before 
1800 the world’s crops amounted to less than 


exposing the cotton which, with the 
release of the pressure, rapidly expands 
to form a large fluffy mass and is soon 
ready for ‘‘ picking.” The seeds, with 
the cotton fibre adhering to them, form the 
product known as seed-cotton; this is 
collected from the ripe bolls, and the 
cotton (or lint), after being separated 
from the seeds by a process of ” giiming,” 
constitutes the raw cotton of (jornmerce. 
Seed-cotton usually consists of about 
one-third its weight of cotton fibre and 
two-thirds of seeds. 

A cotton fibie consists of a single cell 
which, up to the opening of the boll, has 
the form of a long tube with a central 
canal, but much contorted ip order to fit 
inside the (rramped space available, for 
the seeds in a single large boll may bear 
as many as half a million fibres. When the 
fibres dry at the opening of the boll, they 
collapse into a ribbon form, and twist 
about their longitudinal axis. These 
natural twists or convolutions are peculiar 
to the cotton fibre, and occur sometimes 
in a right-handed and sometimes in a 
left-handed sense; the total number 
of convolutions in a fibre is composed 
almost equally of the two kinds and 
varies greatly from fibre to fibre even for 
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a single variety, but ranges on the average 
from 4 to 6 per millimetre length; reversals 


of direction occur from once to twice per 
millimetre.b 2 

Owing to its economic importance, cotton has 
been the subject of a vast amount of study 
aiming at increasing production or improving 
quality of fibre, yam and cloth. These aims, 
and the economic importance of the fibre, are 
illustrated by the further details classified under 
the following headings : (2) historical; (3) sta¬ 
tistical; (4) distribution; (5) cotton varieties; 
(6) cotton growing; (7) yield of cotton; 

S I diseases and i)e8t8; (9) development of lint 
irs; (10) cotton quality; (11) chemical constitu¬ 
ents of cotton; (12) cotton ginning and pressing; 
(13) cotton spinning—opening and cleaning, 
carding, combing, drawing, speed frames, 
spinning, doubling and twisting; (14) cotton 
yam preparation; (15) sizing; (16) weaving. 

2, Historical. —Cotton has been used for 
tiesrile purposes since ancient times; references 


200 million lb., but had increased to 689 million 
lb. in 1835, to 5,030 million lb. in 1882, and to 
an average annual crop of 10,268 million lb. 
between 1902 and 1922. For the three quin¬ 
quennia since 1922 the average annual cotton 
crops, including linters, have been—in million 
lb.— 

1922-27. 1927-.32. 1932-37. 

12,203 13,434 13,616 

Linters are the short remnants of cotton fibres, 
useless for spinning, left on the seeds in saw 
ginning and afterwards removed by a second 
saw ginning; in recent years linters have 
amounted to some 500 million lb. per annum. 

The cotton production in recent years is 
compared with that of the other important 
textile fibres in Table II. 

Table II shows how in recent years the syn¬ 
thetic rayon fibres have assumed much greater 
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Table I.—Relative World Production and Average Prices of Textile Fibres.* 



Percentage of 

Average price, 

Quality. 


total production. 

pence per lb. 



f 6-2 

American Middling. 

Cotton. 

53-5 

{ 5-2 

Indian Superfine Oomras. 



[ 8-5 

Egyptian Sakellaridis. FGF. 

Wool. 

15-3 

/27-6 

\l2-0 

Merino, greasy 66’s. 

Crossbred, greasy 46’8. 

Jute. 

131 

1-9 

First marks. 

Flax. 

6*8 

/ 6-8 
tlO-2 

Livonian ZK. 

Belgian. 

Hemp. 

2-9 

r 1-8 

Indian (H.J.F.). 

\ 6-0 

Italian (Pi/SB). 

*Leaf fibres. 

4-3 

2*2 

E. African Sisal No. 1. 

Rayon . 

3-2 

33*4 

150 denier Viscose yarn (excise 



duty deducted). 

Staple fibre .... 

0-4 

110 

Viscose. 

Silk. 

0-5 

97-9 

Japan 13/15’8. 


1000 




Average annual total production of textile fibres 1932-.‘17 : 25,500,000,000 lb. 


* Loaf fibres are Sisal, Manila lionip, New Zealand henii). 


Table II.—Production of Textile Fibres, in Million Lb.* 


Year. 

1929-30. 

1930-31. 

1931-32. 

1932-.33. 

1933-34. 

1934-3.5. 

193.5-36. 

1936-37. 

1937-38. 

Fibre: 

♦Cotton 

13,189 

12,786 

13,605 

11,748 

13,166 

11,804 

13,174 

15,484 

18,995 

Wool (greasy) 

— 

3,842 

3,842 

3,857 

3,742 

3,566 

3,713 

3,867 

3,864 

J ute .... 

4,180 

4,540 

2,275 

2,880 

3,245 

3,460 

2,964 

3,895 

3,524 

Flax .... 

1,364 

1,413 

1,522 

1,332 

1,511 

1,520 

1,689 

1,690 

1,805 

Hemp 

1,161 

1,073 

853 

729 

717 

705 

737 

825 

844 

Leaf fibres 

1,120 

1,009 

930 

988 

1,014 

1,069 

1,198 

1,275 

1,360 

Silk .... 

134 

130 

126 

116 

122 

125 

121 

119 

121 

Rayon filament . 

437 

453 

501 

525 

666 

773 

928 

1,015 

1,200 

Staple fibre . 

8 

6 

8 

21 

29 

53 

140 

299 

622 


* Exeluding linters. 


importance and a rapid increase in production; 
staple fibre, made in short lengths (23-16 in. 
long) on the same machinery as rayon filaments, 
for spinning on cotton spinning machinery, 
has also shown a most rapid expansion, though 
cotton continues to hold its own. 

4. Distribution. —Cotton is grown in every 
continent, though in Europe and Australasia 
the crops are small; the relative importance of 
the various sources of supply is illustrated by 
the summary of recent crops given in Table III 
(average over 5-year periods for 1916-36 based 
on figures given by Todd ®) which shows parti¬ 
cularly how cultivation has extended in South 
America (Brazil, Peru and Argentina), in Asia 
and Europe (India, China and Russia), and in 
Africa (Egypt, Sudan, East Africa—Uganda, 
Tanganyika, Nyasaland and Kenya, and West 
Africa—Nigeria, Belgian Congo, etc.). 

6. Cotton Varieties. —The botanical classifi¬ 
cation of different varieties cannot yet be said 
to rest on a satisfactory basis. Certain mor¬ 
phological features have usually been taken as 
the basis, the most instructive, according to 
Watt,® being “ derived from the position and j 
condition of the bracteoles; the presence or 


absence of nectar-yielding glands, and the 
nature of the floss and fuzz that surrounds the 
seed.” 

In accordance with this scheme, he divided the 
species of cotton into five sections, thus : 

I. Fuzzy seeded cottons with no lint; e.g. 
Oossypium Stocksii, G. Sturtii (wild). 

II, Fuzzy seeded cottons with united 
bracteoles: 0, Neglectunif arhoreumy 

herhaceum (Asiatic). 

III. Fuzzy seeded cottons with free bracteoles; 

O. hirsutum, O. peruvianuniy 0. mexi- 
canum (American). 

IV. Naked seeded cottons, with the brac¬ 

teoles free or nearly so, and glands 
conspicuous: 0. barbadense, O. brasi- 
lienee. 

V. Naked seeded cotton with bracteoles 
quite free and floral glands absent; G. 
Kirkii (wild; tropical E. Africa). 

It should be noted that although G. Mrmium 
is now widely distributed, the original parents in 
every case appear to have been Upland American 
in origin. The transplantation has not been 
effected without a radical change in the cha- 
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Table III.— Pboduction of Raw Cotton in Milijon Lb. 



1916-21. 

1921-26. 

1926-31. 

1931-36. 

193(^-37. 

1937-38. 

America: 







♦U.S.A. 

5,965-3 

5,758-8 

7,416-8 

6,342-0 

6,199-5 

9,473-0 

Mexico. 

83-6 

93-5 

121-6 

103-1 

186-5 

155-0 

Brazil. 

1951 

282-8 

251-5 

515-1 

856-0 

1,141-0 

Peru. 

69-6 

95-1 

119-5 

1481 

184-5 

148-0 

Argentina. 

7-3 

32-0 

55-7 

116-4 

72-0 

140-5 

Others. 

5-5 

29-2 

33-7 

31-4 

65-5 

65-0 

Asia {Europe): 







India. 

1,748-6 

2,161-8 

2,178-9 

1,964-9 

2,526-8 

2,265-2 

China. 

1,078-2 

964-6 

1,010-5 

1,202-3 

1,870-5 

1,541-5 

Japan, Korea .... 

36-3 

54-3 

71-0 

90-6 

92-5 

150-0 

East Indies .... 

12*9 

11-3 

7-9 

7-2 

8-0 

8-0 

Russia. 

273 1 

152-2 

582-1 

958-5 

1,775-0 

1,891-0 

Persia. 

51-4 

37-7 

45-2 

64-3 

80-5 

80-5 

Iraq, Ceylon, etc. . 

— 

0-6 

1-6 

0-7 

4-0 

8-0 

Asia Minor and Europe . 

53-6 

43-4 

61-4 

105-2 

172-0 

218-0 

Africa,: 







Egypt . 

55(>-8 

656-9 

783-4 

719-5 

910-5 

1,101-0 

Sudan . 

8-3 

21-3 

57-1 

80-0 

133-0 

122-5 

E. Africa (British) . 

20-6 

59-6 

76-3 

132-9 

174-5 

173-0 

S. Africa (British) . 

0-8 

5-6 

4-8 

1-3 

1-5 

1-5 

W. Africa (British) 

7-7 

11-7 

11-5 

14-3 

19-0 

12-5 

Non-British .... 

4-7 

22-0 

49-2 

76-5 

133-5 

135-0 

W. Indies (British) 

2-0 

1-7 

2-3 

1-5 

2-0 

2-5 

W. Indies (Non-British) . 

5-2 

10-0 

11-4 

13-8 

12-5 

12-5 

Australia, etc. 

0-3 

3-8 

3-8 

6-1 

4-5 

10-0 


10,186-9 

10,499-9 

12,957-2 

12,701-7 

15,484-3 

18,855-2 


* Excluding liliters. 


racter of the lint arising from tlie environmental 
upheaval. Temperature, mean length of day, 
angle of incidence and duration of solar radia¬ 
tion, combined possibly with radical changes in 
the frequency and extent of watering—have 
generally resulted in the African- and Asiatic- 
grown hirsutum cottons failing to obtain the 
degree of maturity characteristic of the original 
Upland Americans. 

The advances in cytology in the present cen¬ 
tury have led to a new orientation of view 
regarding the species of Oossypium. Two main 
divisions of the genus are clearly defined accord¬ 
ing to the number of chromosomes f in their 
nuclei ; these divisions correspond generally 

t Chromosomes—the genetic elements that together 
make up the nucleus of a cell; separating when the 
cell of growing tissue is about to divide, themselves 
dividing, and one of each pair re-assembling to form 
two nuclei, one for each of the daughter cells. When 
the first sexual cells are formed in a plant, the chromo¬ 
somes of the nucleus separate into two groups without 
preliminaiy division, and each group forms the nucleus 
of a daughter cell; thus the nucleus in this haploid 

E hase has only half the number of chromosomes present 
i the nuclei of cells of vegetable tissue. These daughter 
cells divide and re-divlde many times, but nuclei of the 
new cells have a chromosome composition similar to 
their own; but when fertilisation occurs and the sexual 
Cells unite to form a new cell the nucleus of this cell 
has the full number of chromosomes (diploid phase) 
which Is repeated in the nuclei of cells formed from it 
In the subsequent vegetative division and development. 
The number of chromosomes referred to in the dis¬ 
cussion is, throughout, the haploid, or reduced number. 


with the geographical division into Asiatic and 
American typos; the Asiatic types have 13 
chromosomes and the American types 20 
chromosomes in the cell nucleus,’^ All the 
cultivated types fall into one of these two great 
divisions, though by cross-breeding it has 
proved possible to produce cottons having other 
numbers (39 and 52)® ; and a more detailed 
classification of cottons has been put forward in 
accordance with modern genetic and taxonomic 
knowledge.*^' However, even the new detailed 
classification of Oosaypium species cannot yet 
be regarded as complete. 

Recently, the sole member of Watt’s Section 
V, G. Kirkii had been excluded from the genus 
Oosaypium^ and renamed Gosaypioidea on the 
grounds that it differs from all the other species 
in neither grafting nor crossing with them, and 
in having a square stem* ; this exclusion is 
strengthened by the discovery that it has only 
12 chromosomes.® 

According to Skovsted,^^ the Asiatic cottons 
have 13 large chromosomes of much the same 
size, the American cottons 13 large and 13 small 
chromosomes, the small ones being little more 
than half the length of the large ones. Some 
American wild cottons have only 13 chromoi^omeB 
of the same size as the small ones in the American 
cultivated types. For this reason Skovsted 
concludes that the American cultivated cottons 
of 26 chromosomes have been derived from a 
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cross between two species of Gossypium both 
having 13 chromosomes, but one set being of the 
large type like the Asiatics and the other of the 
small type like the American wild types. 

6. Cotton Growing. —The chief physical re¬ 
quirements for cotton growing are suitable soil, 
temperature and water-supply; where the first 
of these is not naturally suitable, more par¬ 
ticularly where long-continued growing has im¬ 
poverished the soil, otherwise suitable in tex¬ 
ture and depth, the deficiency in composition 
may be made good by manuring (U.S.A.). The 
temperature requirement restricts the growing 
to tropical and sub tropical regions of the earth’s 
surface. Where the rains are not a natural 
soxirce of water-supply, the deficiency may be 
made good—at high cost—by irrigation (Egypt, 
Sudan, India, l^S.A.). Where irrigation water 
is available, the seasonal temperatures may be 
utilised to best advantage ; in regions dependent 
on a “ rainy season,” this determines the sowing 
time ; under irrigation, the tem|)erature. Often 
the harvest time (“ picking ”) is determined by 
the incidence of frosts which kill the cotton 
plants. Thus the growing period may be 
definitely limited at the two extremes b}-^ 
climatic conditions ; in such circumstances the 
varieties chosen for growing must have a grow¬ 
ing period suitable for the conditions, so that 
the seed-cotton in the bolls, the last natural 
phase of the plant’s activity, may have an op¬ 
portunity to mature. These simple criteria are 
all illustrated by conditions in India; under 
irrigation in Sind and the Punjab, the soil 
temperature is suitable for seed germination in 
early April, frosts may occur in December, and 
picking proceeds from October onwards ; in the 
central Indian l)clt, under rain-fed conditions, 
sowing takes place during the first break after 
the early monsoon rains in June, picking in 
September onwards, though further west, in 
Broach and Surat, the growing period is much 
longer as more equable conditions prevail near 
the coast and picking takes place in April 
onwards. In South India sowing occurs after 
the breaking of the north-east monsoon in 
August, with picking in April to July. 

7. Yield of Cotton. —The monetary return 
to the farmer for his outlay and labour on any 
given area is determined by two primary factors 
—the yield or the quantity of lint produced and 
the quality of that lint. As already indicated, 
yield is a complex quantity: it depends both 
on the variety and its environment. Good soil 
and good cultivation, coupled with favourable 
climatic conditions, may provide a suitable en¬ 
vironment ; the next step is to choose a variety 
of cotton nicely matched to that environment. 
Good cultivation includes not only good agricul¬ 
tural practice generally in draining and tilling 
the soil and caring for the crop, but also a proper 
choice of sowing date, distance between the 
plants and time and extent of watering if the 
crop is an irrigated one. In the choice of variety, 
the growing season, which limits the time avail¬ 
able for the crop to mature, must be a first con¬ 
sideration ; the stand, or the number of plants 
that come to maturity, is another important agri¬ 
cultural fa-otor; with a given number of plants to 
the acre, the yield per acre evidently depends on 


the average yield per plant, and this in turn on 
the number of bolls (or seed-pods), the number 
of seeds per boll and the weight of lint per seed. 
Varieties that are bushy are naturally not 
planted so closely as more slender varieties; and 
the contributory factors may differ considerably 
from one variety to another. Thus the Cam¬ 
bodia and Nandyal cottons, both grown in the 
Madras Presidency of India, have average values 
as follows 


Variety. 

Spacing. 

Bolls 

per 

plant. 

Seeds 

per 

l>oll. 

Weight 
of seed 
lug. 

Weight 
of lint 
per 
seed, 
ing. 

Weight 
of lint 
per 
plant, 
g. 

(-ainbo- i 
dlaOo. 2 
((t. Mr- 
Hutum) 

m in. 

^ Din. 

8 

35 

13(» 

76 

21-3 

Nandval 
14 (d. 

I ndi- 
cum) 

18 in. 
Oln. 

27 

21 

46 

14 

7-9 


Climatic conditions have not only a direct 
physical or physiological effect on yield through 
the temperature and water-supply, but also an 
indirect effect through the incidence of diseases 
and pests. 

Generally speaking, the object of the grower 
is to bring as many bolls as possible to maturity 
before some limiting factor operates to cause, 
cessation of growth. To this end the early 
flowering varieties are favoured, as leading to 
early fruiting. Now certain branches of the 
plant (monopodia) do not bear flowers directly, 
but only vegetative organs (or further branches), 
whereas other branches (sympodia) bear flowers 
as well as vegetative organs, so that one object 
of selection is the isolation of varieties bearing 
sympodia at an early stage of their life history. 
If the sympodia are borne early on the main 
monopodial stem—between the 6th and 15th 
nodes, the plant has a “ sympodial habit ”— 
if the sympodia only appear between the 20th 
and 50th nodes, it has a “ monopodial habit ” : 
if the sympodia begin to appear between the 
15th and 20th nodes, the habit is “ intermediate.” 

8. Diseases and Pests of Cotton.^^* — 
Diseases and pests take a tremendous toll of the 
cotton crop; their depredations are not only 
responsible for many plants failing to come to 
complete fruition, but also for much of the cotton 
produced being greatly diminished in value 
owing to damage or staining by these agencies. 
It has indeed been said that the different grades 
of Egyptian cotton, which being grown under 
irrigation escape many sources of damage arising 
from untimely rains, are an exact expression of 
the amount of pink boll-worm attack. 

Diseases, 

Cotton WiU {Fusarium vasinfetUum) is the most 
widespread disease to which cotton is subject; 
it is a fungal disease with greater incidence in 
regions of heavy rainfall : the development of 
wfft-resistant varieties is the meltiod usually 




FIBRES, 

adopted to combat it. There is some reason 
to believe that the wilt disease is not due to the 
same fungus in India as in America. The symp¬ 
toms are wilting of the plant’s vegetative oi^ans, 
woody parts of stem turning brown or dark 
coloured. 

Black Rust is a physiological trouble common 
on the poorer soils of the U.S.A. belt, due to 
improper soil conditions. 

Cotton Anthracnose which attacks all jjarts of 
plants except large roots, is a fungal disease 
affecting the plants at all stages of their growth ; 
on the bolls it starts as small dull red spots, 
gradually enlarging and finally affecting the boll 
contents. 

Root Knot is caused by a nematode, a small 
eel-like worm that enters the roots and leads to 
root swellings, especially in light sandy soils; 
it has been stated to be second only to wilt as a 
disease causing damage in U.S.A. 

Angular Lexif Spot or Blackarm is a bacterial 
disease of cotton, known as the former when it 
attacks leaves (as in U.S.A.) and as the latter 
when it attacks stems or branches (as in the 
Sudan and other parts of Africa). 

Insect Pests. 

By far the most damaging insect i>e8ts of 
cotton are the Mexican boll weevil {Anthonomm 
grandis) of U.S.A., and the pink boll worm 
{Platyedra or Pectinophora gossypiella) common 
in most cotton-growing countries, espe(ually 
Egypt, Brazil and India. The boll weevil entered 
Texas from Mexico in 1892, gradually spread 
east and north, and by 1921 had practically 
covered the whole cotton belt in the U.S.A.; the 
weevil is a dark brown insect, up to about a 
quarter of an inch long; its life cycle is about 3 
weeks; it seldom lives more than 7 weeks in 
summer, though occasionally much longer—up 
to 6 months or more. The weevils attack the 
unopened flower buds for preference, but when 
these become scarce they attack young bolls. 
The direct annual loss in U.S.A. through the 
boll weevil is immense, and was estimated in 
boom years to reach £100,000,000. The weevils 
hibernate through the winter and a cold winter 
largely reduces their numbers; so does a hot 
summer: poisoning them by calcium arsenate, 
sometimes dispersed as dust from aeroplanes, is 
the favoured remedy. 

The pink boll worm was first described by 
Saunders in 1842 from Indian specimens; it 
was reported in Egypt 1900-7, Brazil 1911-13, 
Mexico 1911, Texas 1916. Its damage to the 
Egyptian crop alone has been estimated at 
£6,000,000 annually. The larvte enter seeds 
and eat their contents; the infested seeds fail 
to develop fully and the lint is often stained 
pink and may be short and weak. The worm is 
the larval stage of a small brown moth, having 
wings of about i in. span; the life-cycle is 
about 6 weeks in summer. The worms, on 
hatching from the eggs, tunnel into the Mis.* 
Carbon disulphide poisons them, but the only 
satisfiaotozy remedy is heat treatment of the 
seed, now compulsory in Eg 3 rpt. 

life / Stage: Egg Larva Pupa Adult 

cycle: I No. of days; 4/12 20/30 10/20 14/20 
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Other pests are the cotton lea-f worm {AUibama 
argiUacea), for which arsenical preparations are 
a remedy; the (;otton boll worm and cotton 
red spider (really a small leaf-sucking mite) 
affect U.S.A. crops, and are controlled by in¬ 
secticides; cotton Stainer {Dysdercus species) 
is a very widespread foe, known in U.S.A., 
India and Africa. Other leaf-sucking insects 
are Jassids^ a most serious pest in South and 
East Africa, and the Whiiefiy (Punjab). 

9. Devei.opment op Lint Hairs and 
Quality of Lint. —Lint hairs only begin to l)e 
formed comparatively late in a cotton plant’s 
history. To take an Egyptian plant as an 
example^®: a seed sown on March 28th, 
germinated in 7 days (April 4th) and the first 
flower buds appeared after another 47 days 
(54 days from sowing); the first opening of 
flowers occurred after a further 31 days (85 days 
from sowing). From the time of opening of the 
flowers until the bolls opened—the “ boll 
maturation period,” during which the lint hairs 
lengthen and thicken—some 52 days elapsed. 

In the case of this plant, therefore, the period 
from planting to flowering was 85 days, and 
for boll development 52 days ; bolls of different 
ages on the same plant came to maturity over 
a period of 60 days, so that from first to last 
bolls are developing over a period of 112 days. 
Whilst 137 days elapsed before the first boll 
completed its development, other bolls continued 
to develop over the succeeding 60 days—the life 
period of the whole plant thus being 197 days, 
or 6| months. 

The development of the lint hairs is naturally 
affected by the health of the plant; but although 
the number of flowers set an<l bolls produced 
—and so the yield—may be greatly affected by 
differences in environmental factors laifore 
flowering occurs, yet the quality of the lint 
depends almost entirely on the conditions 
subsequent to flowering. The development of 
the cotton fibres has been described by Bow¬ 
man,^* Balls,^^ Gulati,^* Sheffield,^® and others. 

Lint hairs are part of the outer epidermis of 
the ovule; being in effect part- of the vegetative 
tissue of the seed, they belong to the same 
generation as the plant which bears the seed. 
If the particular seed has been cross-fertilised, 
this will not affect the lint on that seed, but only 
the lint borne on the plant obtained when the 
seed is sown. 

Some lint hairs are differentiated as such in 
the outer epidermis of an ovule even before it 
has been fertilised, others are differentiated 
later, up to the 10th day after fertilisation. 
The fibres lengthen for the 24 days ensuing upon 
fertilisation, growth being comparatively slow 
for the first 6 days, but much more rapid for 
the next 16 days, slowing down again for the 
final 3 days of the lengthening period. At this 
stage the fibre is fully grown in length, but the 
walls are exceedingly thin, consisting of the 
original cuticle with a layer of primary cellulose, 
and embedded wax. For the next 24 days 
deposition of secondary ceUulose occurs on the 
inner side of the walls, in the form of daily 
growth-rings,*®' as a result of diurnal variation 
in the conditions of growth; each growth-ring, 
according to Balls, consists of some 100 fibrilliBS 
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laid down spirally, and responsible for the con¬ 
volutions, reversals, and wall-pits in the dry 
fibre; thus each cotton fibre comprises some 
2,400 fi brillfe. 

Evidently, intoiforence with the plant's well¬ 
being during the period after flowering affects 
the quality of the lint; growth of lint, if arrested 
for a time, may be resumed after the set-back, 
but the loss during the period of arrest is not 
made good afterwards. In the (’lase quoted 
above, bolls—and lint w'ithin—were developing 
over a period of 112 days: a H€‘t-back to the 
plant at any time within this period must affect 
some of the lint; in the middle of the period 
•—56 days after the first flowering—the flowers 
that opened during the first 8 days of flowering 
would have come to boll maturity, and so lx> 
unaffected by the set-back; Imt those that 
opened between the 9th and the 56th days 
would be in various stages of thickening and 
lengthening on the 56th day, and their develop¬ 
ment would be interfered with accordingly, 
some would bo rather thin-walled, others rather 
short. The actual effect depends on the severity 
and duration of the set-back. If very severe, 
lasting, say, 48 days, there would be all grades 
between normal and very thin-walled and very 
short. Such set-backs naturally occur from 
time to time in individual localities, with 
consequent effects on the fibres comprising the 
crop, especially the last pickings. 

Conditions in some cotton-growing districts 
are such that the crop as a whole is harvested 
with a large proportion of the fibres incompletely 
thickened; American Upland cottons from 
which selections have been made through many 
generations in the Punjab in India, and in 
various parts of Africa (Uganda, Tanganyika, 
N. Nigeria, etc,), are especially prone to this 
character. Tests of quality have therefore been 
devised which include some measure of the 
maturity of the fibres. 

10. Cotton Quatjty.—I n the trade, the 
quality of a cotton is determined by a hand-and- 
eye examination. The amount of foreign matter 
is estimated directly by eye, and in case of 
doubt, by comparison with certain reference 
samples known as “ standard grades.” Staple 
length is judged by drawing out a hand sample 
between both hands and extracting tufts from 
the fibres exposed at the “ fracture.” Breaking 
a small tuft by a snap method after gripping the 
tuft by the thumb and index finger of each hand, 
gives an indication of fibre strength. The 
resistance offered by the hand-sample when 
being drawn out between the two hands indi¬ 
cates the “ drag,” ” body,” or “ hardness ” or 
” softness ” of the cotton—^properties which 
have a distinct bearing on its spinning capacity. 
Notice is also taken by eye of lustre or bloom, 
colour and the presence or absence of “ neps,” 
which commonly consist of small aggregations 
of immature hairs that spoil the appearance of 
yam and cloth, especially in the dyed state. 

In the laboratory, less subjective methods are 
available for assessing many of the qualities 
of a cotton sample. The quantity of foreign 
matter present may be found by means of the 
Shirley Analyser, the principle of which depends 
on the difference in buoyancy of the opened lint 
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and the trash: the lint is first completely 
ojHjned to the single hair stage by means of a 
saw-toothed roller (known as a ” taker-in ” 
type of beater), and then the whole is projected 
into a stream-lined airflow of narrow depth in 
which the cotton hairs are buoyant, whereas the 
trash falls through; the lint is collected on a 
perforate<l cage and the trash in a convenient 
settling chain f)er. 

A general test (the “ Combined Stapling 
Test ”2^) for judging the quality of staple, 
measures three fibre-characters : the length, the 
fineness and the maturity. Every sample of 
raw cotton consists of fibres of many different 
lengths; if these are laid down, the longest first 
and then the others in order, at right angles to 
a base line, the outline of the other ends of the 
fibres forms an ogive curve. For the measure 
of length, the upper quartile of this curve is 
preferred, taken when the short fibres or fibres 
less than half this length are neglected: this 
upper quartile is styled the ” effective length ” 
and corresponds very closely with the trade 
judgment of the stajHe lengthy as applied to the 
variable sample. As a measure of fineness, the 
hairweight per unit length (inch or cm.) is used. 
To measure the maturity, a number of fibres on 
a microscope slide are treated with 18% NaOH, 
and classified microscopically into three classes 
(normal, thin-walled and dead, otherwise 
mature, half-mature and immature): the 
treatment with NaOH causes swelling, as a 
consequence of which the mature hairs lose 
their convoluted appearance, while the dead or 
immature hairs become strongly convoluted: 
the thin-walled or half-mature hairs develop 
just one or two convolutions here and there. 
What might be described as a normally mature 
sample of cotton comprises some 67% mature, 
26% thin-walled and 7% dead hairs. As 
already indicated, values for the crops of 
different growing areas depend very much on 
a(‘tual conditions of growth, and a particular 
farmer’s crop in any one such area may differ 
considerably from that of his neighbours, or 
what may be the usual crop. Subject to this 
qualification the values in Table IV for staple 
length, hair weight and immaturity, may be 
regarded as typical. This table also includes 
the approximately highest standard warp 
counts^2 for which the cottons are commonly 
used, and the lea strengths at these counts. 
(The lea strength is the strength of a skein of 
yam, consisting of 80 threads having a peri¬ 
meter of 54 in., placed on hooks 27 in. apart 
so as to form a test-specimen of 160 threads, 
which are then loaded until breakage occurs; 
after a few threads have broken the rest draw 
out without further increase in the load, which 
is registered on a dial.) 

Reference to the physical properties does not 
always permit a decision as to the value of a 
sample for commercial purposes; cases some¬ 
times occur when two cottons that respond 
alike to the physical or dimensional tests behave 
differently in spinning. 

The ultimate test of the value of a sample 
of cotton is how it behaves in use. That certain 
cottons are speciaUy suited to certain purposes 
is fully recognised; thus Sea Island cotton is 
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Table IV. 


t'otton. 

Staple 
length 
32nds in. 

Hair-weight 
per cm, 
30*“® wig. 

Per cent, 
mature 
hairs and 
pe?r cent, 
dead liali K. 

Suitable 

counts. 

Lea 

strength, 

Jb. 

Sea Island (W. Indian) 

.54 

123 

55 

17 

240* 

10 

American: 







Memphis. 

40 

186 

45 

16 

50 

42 

Texas . 

31 

208 

49 

12 

24 

79 

Boweds. 

28 

239 

79 

5 

16 

118 

Brazilian. 

36 

191 

50 

12 

40 

39 

Peruvian Tanguis .... 

44 

236 

69 

6 

40 

42 

Egyptian: 







Sakellaridis. 

46 

142 

58 

8 

80* 

31 

Giza 7. 

44 

146 

61 

8 

80* 

28 

Uppers. 

38 

185 

69 

6 

50 

39 

8udan Sakellaridis .... 

46 

132 

65 

12 

80* 

30 

Sudan American .... 

39 

167 

54 

28 

50 

42 

ITganda. 

37 

154 

35 

25 

50 

42 

N. Nigeria. 

34 

176 

51 

21 

4<l 

i 50 

S. Nigeria (Ishan) .... 

39 

275 

71 

5 

40 

36 

Indian: 







Bengals. 

20 

318 

68 

6 

6 

48 

Oomras. 

22 

278 

62 

8 

12 

80 

Broach . 

24 

263 

76 

12 

16 

i>0 

Surat 1027 . 

31 

228 

52 

15 

30 

48 

Punjab-American 

28 

164 

49 

27 

20 

70 

Cambodia. 

32 

188 

50 

25 

30 

46 

Tinnevellies. 

26 

211 

()5 

15 

16 

63 

Coconadas. 

24 

239 

79 

7 

14 

80 

.. 


. _. .. 






♦ “ Combed quality.” 


much used for the finest hosiery underwear, 
having an excellent soft feel and an appealing 
sheen; for coarser hosiery the white Peruvian 
cotton, known as Tanguis, is very suitable. But 
in large classes of other goods the dominant 
criterion for selection of cotton is price. Since 
long fine cottons are more expensive to produce 
than short coarse ones, so the price of goods 
made from the long cottons is necessarily higher 
than that of goods made from the coarse ones, 
though for some usages the coarse cottons may 
be intrinsically more suitable. Under present 
conditions, however, the commercial valuation 
of a sample of cotton is related directly to the 
fineness of yam to which it can be spun, and for 
this reason it is customary to regard a “ spinning 
test ” as the best test at present available for 
judging the value of a cotton. Special tech¬ 
niques have been worked out for such “ spinning 
tests ” which are generally based on the results 
obtained by processing a 10-lb. sample on cotton 
spinning machinery of the standard type used 
in the industry, as described later {v. Cotton 
Spinning). 

11. Chemical Constituents op Cotton.— 
Proximate analyses of dry cotton show that it 
consists of some 91% cellulose, 1 to 1'5% mineral 
matter, 0*3 to 0 6% wax, 1*2 to 2*4% protein, 
and up to 6% of matter of as yet undetermined 
composition {v. Bleaching). 

From the description already given of the 


development of the cottf)n fibre, and the effect 
of the conditions of growth on the physical 
properties, it is only to be expected that the 
chemical constituents—especially the minor 
ones—will also be affected in their relative 
quantities by the conditions of growth and the 
extent of development of the fibres (see below 
for variations in the percentages of constituents). 
Unfortunately workers on chemical constituents 
until recently disregarded the physical char¬ 
acters, and it remains uncertain whether or not 
their material and their results can be regarded 
as completely typical. 

Chemical analyses of cotton have aimed at 
establishing differences between samples of 
cotton of different origin by means of their 
variable non-cellulose constituents. As will be 
seen from the details given below of determina¬ 
tions of cotton wax, nitrogen and phosphorus 
contents, ash, and copper number, the native 
Indian cottons are distinguished from other 
types by these values, and the Egyptian and 
American cottons differ in their phosphorus 
content. 

For the properties of cellulose and compounds 
related to it—oxycellulose, hydrocellulose, 
cellulose esters, etc.— (v. Cellulose, Vol. II, 
pp. 466-474). 

Cotton W(ix ,—The wax of the cotton fibre 
which lies mostly on the surface, bitt also 
apparently embedded in the cell wall, has been 
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given the name “ cotton wax ” by Schunck®*; 
the wax renders the cotton incapable of absorbing 
water readily. Lecomber and Probert** have 


determined the amounts and characteristics of 
the waxes of cottons of different origin, some of 
their results being: 



Amount 
per cent, 
on dry 
cotton. 

Melting 
point or 
range ®C. 

Acid 

value. 

Saponi¬ 

fication 

value. 

Unsaponi- 
flable 
matter 
per cent. 

Iodine 

value. 

American: 







Upland .... 

0-35 

80-5 

21 

76 

66 

20 

Delta. 

0-49 

76-5 

29 

57 

68 

27 

Mean of 12 samples 

0-44 

75-5-80-5 

25 

66 

64 

22 

Egyptian: 






26 

Uppers .... 

0-35 

78-5 

26 

67 

55 

Sakellaridis . 

0-43 

77 

31 

81 

50 

— 

Mt;an of 7 samples . 

0-39 

76-5-80 

27 

78 

54 

23 

Sea Island (W. Indian) ; 
Mean of 2 samples . 

0-51 

78-5-79 

21*5 

61 

61-5 

23 

Peruvian: 







Tanguis .... 

0-20 

79 

23 

55 

64 

25 

Brazilian: 

Pernams .... 
Mean of 5 South 

0-54 

77 

35 

82 

53 

30 

American samples 

0-41 

76-5-79 

30 

71 

60 

25 

Indian: 







Bengals .... 

0-34 

68 

40 

126 

43 

30 

Oomras .... 

0-30 

68 

38 

148 

41 

32 

Broach .... 

0-33 

70 

37 

120 

45 

28 

Surat. 

0-42 

69-5 

39 

96 

51 

34 

Mean of 6 samples . 

0-34 

68-72 

38 

121 

45 

32 


The Indian waxes differ markedly in their 
properties from the other waxes, especially in 
their saponification value. 

The specific gravity of all the waxes examined 
fell within the range 0-970 to 1-005, each 
extreme value being for an Upland American 
cotton. 

The cotton waxes®®* 2 ® consist largely 
of free wax alcohols, chiefly gossypyl alcohol, 
C 3 oHg 20 , and montanyl alcohol, CssHg^O, with 
small quantities of alcohols, and 

C 84 H 7 QO, and glycols, C 3 oHa 202 and CagHggOa; 
in addition free acids are present—palmitic and 
stearic—with smaller amounts of carnaubic acid, 
and very small amounts of gossypic and 
montanic acids, oleic acid, and the acids 
and 032 b{a 4 O 2 * Palmitic acid, 
stearic acid, oleic acid, carnaubic acid and 
small amounts of higher acids occur as esters, 
the first three as glycerides and carnaubic acid! 
as a ph 3 rtosterol ester. Very small amounts of 
hydrocarbons and resinous substances are also 
present in the wax. 

Proteins of Cotton, —^The protoplasmic contents 
of the cotton fibre may be estimated from the 
nitrogen content, for which the following values 
for per cent, nitrogen have been obtained by 
Ridge®® : 

Afnerican: Texas 0-204; Long staple Upland 
0-204 J Georgian 0-221; Arizona (Egj^ian 
seed) 0-399. 


Egyptian : Uppers 0-291 ; Sakollaridis 0-315. 

Sea Island (W. Indian): 7 samples, range 
0-262-0-290. Mean 0-278. 

Peruvian: Tanguis 0-184, 0-216. Mean 0-200. 

Brazilian: Pernams 0-260 ; Ceara 0-221. 

Knecht and Hall®® found values of 0-204% 
for American and 0-248, 0-262% for Egyptian; 
Higgins®^ found 0-180% for American and 
0-275% for Egyptian. 

The phosphorus content of cotton has been 
studied by Geake®® with ranges and mean 
results as follows for per cent. PjO : 

American: Texas 0-042 ; Georgian 0-044; 
long staple Upland 0-061. Mean 8 samples, 
0-051. 

Egyptian: Uppers 0-077, 0-089. Mean 7 
samples, 0-094. 

Sakellaridis 0-134, 0-117, 0-105. Mean 3 
samples, 0-119. 

Sea Island (W, Indian): 0-057, 0-068. Mean 
11 samples, 0-067. 

South American: Peruvian Tanguis 0-64, 
0-63; Brazilian Pemams 0-077. Mean 6 
samples, 0-068. 

Indian: Bengals 0-071; Oomras 0-064; 
Broach 0*124; Surat 0*118. 

Ash of Cotton, —^The ash content of cotton hlis 
frequently been studied. Fargher and ProberUs 
results,** with those of others quoted by them» 
are given at the top of the ne:Kt page. 
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i 

1 

Type of 
cotton. 

Ash (per cent.) j 

Ash alkalinity per 
gram of ash. 

Davies and 
Dreyfus.®* 

Monie.*® 

Mitchell 

and 

Prid- 

eaux.®® 

Barnes.®’ 

Fargher and Probert.®® 

Fargher and 
Prohert.®® 

No. of 
sam¬ 
ples. 

Kange, 

Mean. 

Range. 

Mean. 

Sea Island . 

1-25 

M 

2-2 

1-2 

6 

0-7-1-2 

1-0 

14-4-15-8 

15-2 

American 

1-5 

1 -6-21 

20 

1-3-1-9 

12 

M-1-3 

1-2 

131-15-7 

14-1 

South 










American . 

1-2~L7 

1 -2-20 

21 

— 

7 

0-8-1-3 

1-2 

12-8-16-3 

14-3 

Egyptian 

1-2-1-7 

1 -6-L8 

— 

1-4-1-5 

6 

11-1-3 

1-2 

14-9-15-6 

15-3 

Indian . 

2-5-fi-2 

2-3-5-3 

2-9-3*3 

l-,3-40 

10 

10 -1-6 

1-3 

13-6-16-5 

15-1 


The resiilta of earlier investigators are high 
because their cotton fibres included sand and 
dust, or had not been scrupulously cleaned 
first; if this is done the ash seldom exceeds 
1*5%. The ash alkalinity shows that the 
mineral substances in the fibre are chiefly salts 
of organic acids; small quantities of chlorides, 
phosphates and sulphates, of potassium, 
sodium, calcium and magnesium, and smaller 
quantities of aluminium, iron and copper 
are present. 

Copper Number .—The copper number of a 
cellulose piaterial is defined as the weight in 
grams of copper reduced by KK) g. of the sample 
from the (;upric to the cuprous state under 
standardisenl conditions. It measures the con¬ 
tent of reducing constituents consisting of glu¬ 
cose and other sugar-like substances. Any one 
type of cotton gives a range of values of copper 
number, and the ranges for different types 
overlap. Olibbens and Goake give the follow¬ 
ing mean values of copper number for various 
ra w cottons:— 

American: Long staple Upland 0-68 ; Gksorgia 
0*97; Texas 109. 

Egyptian: Uppers 0-93 ; Sakellaridis 1*04. 

Indian: Bengal 1*54; Oomra l-fi7; Surtee 
2-28; Broach 2-97. 

Peruvian : Tanguis 0-77; Smooth Peruvian 
1*60. 

Brazilian: Pernams 1-31; Ceara 1*37. 

Mercerisation .—When cotton is immersed 
in 18% solution of caustic soda, the cellulose 
swells and fills out its cuticular covering so 
that the flattened twisted tube, characteristic 
of cotton, is transformed into a simple un- j 
convoluted cylinder with little if any central 
canal. This transformation was discovered by! 
John Mercer in 1844, and his name has since 
'been given to the phenomenon. Practical use 
of it followed the discovery by Horace Lowe in 
1890, that if the transformation was carried out 
on yam or cloth under tension, the material 
became highly lustrous. The material is either 
kept in a state of tension throughout the 
operation, or is allowed to shrink in the alkaline 
liquid and afterwards stretched to its original 
length and kept so while the alkali is washed out. 
Corser and Turner®* have shown that the changes 
that take place in the yam depend on the degree 
of twist; in commercial practice two-fold yams 
are commonly used of a low twist, and such yarns 


show a large increase in strength after mercerisa¬ 
tion {v. Finishing of Textile Fabbtcs, this 
Vol., p. 184). 

When cotton is treated with a mixture of 
nitric and sulphuric acids, it is converted into 
nitro-cellulose or gun-cotton {v. Explosives). 
By dissolving gun-cotton in a mixture of ether 
and alcohol, collodion is obtained {v. Cetxulose 
Lacquers VoI. 11, 468c). Nitro-cellulose is also 
used with camphor to ma,ke **celluloid^* (q.v.). 
When treated with acetic anhydride in glacial 
acetic acid solution, in the presence of a small 
quantity of sulphuric acid or other catalyst, 
cotton yields “ cellulose acetate'" {v. Cellulose 
V"ol. II, 464d,), used among other things for 
making a synthetic textile fibre. Cotton also 
dissolves in cuprammonium (ammoniacal cupric 
hydroxide), a solution also used for making a 
synthetic textile fibre (c. Fibres, Artificial). 

Cotton Technology. 

12. Cotton Ginning and Pressing.**— 
Ginning consists of the separation of the lint 
from the seed. There are two chief types— 
roller gins and saw gins. The roller gin consists 
of leather discs mounted on a wooden roller; 
j the leather roller turns against a “ doctor ” 

I knife, the fibres cling to the leather roller and 
I pass between it and the doctor knife, and the 
seeds being unable to follow, are detached. The 
lint is automatically stripped on the opposite side 
of the roller by means of a bar. This gin is par¬ 
ticularly suitable for long staple cottons, and 
small seeded cottons, and accordingly finds a use 
in nearly all cotton-growing countries. The chief 
objection to its use is its low rate of production, 
being only up to 80 lb. lint per hour even for the 
most up-to-date types. The saw gin is par¬ 
ticularly suitable for the large seeded American 
type of cotton ; in this gin from 70 to 80 circular 
saws (10 in. to 12 in. diameter), mounted on a 
central shaft, pass between steel ribs with only 
small clearance on either side; the seed cotton is 
fed from above, the lint is seized by the teeth of 
the saws, the seeds cannot pass through the gaps 
between the ribs and are accordingly detached. 
Much care is necessary to ensure that no damage 
is done to the fibre by the vigorous action of the 
saw teeth. The lint is stripped from the saw 
teeth on the opposite side of the machine either 
by a brush action or by pneumatic means. 
Whereas the roller gins work individually, 
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modem saw gins are run in batteries of four, 
the seed cotton being sucked pneumatically 
from the country cart, direct to feed the gin, and 
the separated lint delivered pneumatically from 
the gins direct to the press. The production of 
a saw gin is up to 400 lb. lint per hour. Saw- 
ginned cotton taken from a bale has quite a 
different appearance from roller-ginned cotton, 
besides being generally cleaner, owing to cleaning 
operations being readily possible with the 
pneumatic conveying methods employed. 

The ginned cotton is made into bales in 
presses; usually in two stages—first to low 
compression bales (density about 10 lb. per 
cu. ft.) and then to high compression bales 
(density 30-50 lb. per cu. ft.). In U.S.A. and 
Egypt the low compression bales are made at 
the ginneries, the liigh compression bales at 
compress stations in l^S.A. and at Alexandria 
in Egypt. High compression saves transport 
costs, but adds to difficulties in spinning mills. 

13. Cotton Stinning.^^ —The processes of 
cotton spinning derive from the qualities 
desired in yarns, viz. (1) a certain fineness or 
counts^ indi<‘ated by the number of hanks, each 
840 yards long, that are needed to weigh 1 lb.; 
(2) strength ; (3) levelness ; (4) appearance— 


COTTON. 

freedom from neps, or blobs of rolled-up cotton 
fibres, and from foreign matter (small particles 
of leaf, bract, stem, seed-coat, etc.). All these 
qualities are Iwrne in mind throughout the 
various stages of processing that are necessary, 
but they are attained roughly in the reverse 
order to that given. 

The highly compressed bales have to be opened 
up (I) to separate off the foreign matter 
disseminated throughout the bale, and (2) to 
separate the individual fibres so as to facilitate 
their proper arrangement and to achieve regu¬ 
larity and strength. 

The chief divisions in a typical cotton spinning 
mill besides the office are :— 

(1) Cotton room; (2) mixing room; (3) 
blowing room, for opening and cleaning the 
cotton; (4) card room, for carding, drawing, 
Combing the cotton and forming roving; 
(5) spinning room; (fi) preparation room; 
(7) cellar for “ conditioning ” the yarn, storing, 
etc. 

Opening and Cleaning .—The high pressure 
used in forming the bales gives them a stratified 
form; in the spinning mill, sheets of this bale 
cotton are peeled off by hand and fed to a 
hopper bale breaker, Fig. 2; this machine has 
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a rising spiked lattice slightly inclined to the 
vertical which takes the cotton up past a device 
that allows part only of the cotton to go forward, 
to be penetrated by spikes and struck by leather 
flaps, and then delivered as large lumps. These 
large lumps are often transported by travelling 
lattices, or pneumatically through trunks, to 
the mixing room, where stacks are built up in 
horizontal strata of different “ marks ” of cotton, 
from which the cotton is removed uniformly 


from a vertical face so as to include the desired 
proportions of the different “ marks.” In 
many mills, especially those engaged in making 
the coarser and cheaper types of yam, economy 
is secured by omitting the mixing room and 
making the mixing direct at the bale breaker, 
passing the cotton thence straight to the blowing 
room, so called because in this room the cotton 
is drawn through a number of machines by means 
of strong air currents developed by poweiihd fans. 
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The large lumps of cotton from the bale 
breakers or the mixing room are fed by means 
of hopper feeders, similar in principle to hopper 
bale breakers, to “ porcupine,” Fig. 3, and other 
opening machines ecpnpped with a variety of 
beaters of a vigorous kind, heavy and swiftly 
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revolving; beaters of various sizes, 41 in., 
24 in. or 18 in. diameter with central horizontal 
shafts fitted with numerous iron discs to the 
periphery of which steel striking blades are 
attached at close intervals, revolving at 750 
r.p.m. inside iron cylinders, break up the 



Fi(}. 3 .—Pate>jt Double i.imdkr Obeneii and Lab Maohtne fed by Hobber Feeder 
wiTir Feed Reserve Box and (’ondensek Attai iied. 


lumps to tufts. Another favoiiiite type is 
the Crighton opener, Fig. 4, w hich has a vertical 
shaft with similar <liscs attached hut increasing 
in diameter from the bottom to the top of the 
shaft; the spaces betw een Die lieater bars, 
which are slightly inclined to the vertical and 
surround the beater in the form of a truncated 
cone, provide a nu'ans of egress for the foreign 
matter. In its passage from one type of o]K‘ning 
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machine to another, the partly opened cotton is 
drawn pneumatically through trunking to 
specially shaped dust trunks, where more dust 
separates. Suitably placed fans draw' the cotton 
through the various machines and often on to 
slowly revolving perforated or wire cages, 
through which the air passes, leaving the cotton 
on the surface of the cages ready for passing 
through a series of heavy calender rollers, form¬ 
ing part of the “ lap end ” where the cotton is 
formed into a “ lap,” a sort of thick but very 
soft sheet of felt rolled round a tube from which 
it is removed for feeding to the next machine, the 
Voh, 


s(‘ut( hcr. Fig. 5. At some jioint in the opening 
system the introduction ol' the fast revolving 
Shirley cage has recently found favour (see 
Fig. 3); this cage, moving at souk; 50 80 r.p.m., 
])as.ses on the cotton so (piickly that at any one 
time it is covered with only a (‘omparatively 
thin fleece of cotton, through which fine dust 
can he <lraw’n by the fan; in slow moving 
cag(‘s the cotton lies much too thickly on the 
cages for cleaning to occur at this point. The 
.scutcher also is a kind of opening machine, 
distinguished particularly by the means which 
it offers of obtaining some degree of regularity 
in the jmxluei. Four laps are unrolled on a 
latt so as to flow' one above the other to feed 
rollers that deliver a fringe to be struck by a 
rapidly revolving heater, sometimes of the 
})oreupine or bladed-dise type used in many 
openers, but more often of the bladed type, 
consisting of tw'o (sometimes three) steel blades, 
carried by steel arms parallel to but some inches 
distant from the shaft, which revolves at 
800 1,200 r.p.m. The superposition of the four 
laps to secure regularity is a simple device; a 
thick })laee in one lap may be neutralised by a 
thin place in one of the others; at the worst, 
thick (or thin) places may come together in all 
four lai)s, in w hich case the relative irregularity 
at this place is unc-hanged, but the chances of 
this occurring are obviously small. Another 
device, the ” regulator,” is attached to the feed 
rollers, wdiieh automatically slow down if the 
average thickness passing through them is 
above the predeterminecl normal, and speed 
up if this average thickness is below normal. 
By this means the weight per unit length of the 
lap is kept normal within limits. An ordinary 
line of opening machines will open up to 
40,000 lb. cotton per week, a finisher scutcher 
up to 20,000 lb. per week, so usually there are 
two scutchers served by each line of opening 
machinery. 

In recent years attempts have l)een made to 
economise in the blowing room, and to avoid the 
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heavy pressing of the cotton at the “ lap ends,” 
as this is held to defeat the very jjnrpose of 
opening. For this purpose ” single process 
opening ” has been deve]o|Hul; a series of hopper 
feeders and openers is linked together, with 
electrical devices to control the passage of the 
cotton through the various units, so that baled 
cotton is fed at one end and lajw are inadt‘ at 
the other, with no handling of the material in 
between. It is claimed that productions up to 
40,000 lb. per week and above are possible with 
a single line of such machines, and that the very 
serious irregularities arising from human lapses 
are avoided by its introduction. 

Working along quite different lines, the 
British (V)tton Industry Research Association 
has introduced the ‘‘ Pneuopener,” an opening 
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machine on the lines of the “ Shirley Analyser ” 
in which a taker-in type of beater {me Carding, 
belrm}) of 15J in. diameter, revolving at 1,6(W 
r.p.in., opens to a very high degree the cotton 
prepared on an ordinary type of opener, and by 
placing it in a streamlined air-flow accomplishes 
the separation of the lint from the foreign matter. 
Combination machines on the same principle 
are in prospect. 

The exact blowing-room treatment given to a 
cotton depends on the type of cotton, the 
degree to which it is compressed, and the amount 
of foreign matt(‘r it contains. Though the 
severe beating the cotton receives is not so 
detrimental to the fibres as might be supposed, 
yet the general pra('tice is to give as little 
beating as will serve the purpose in view—in 



Fig. 5.—Single Scutcher and Lat 

short, the extent of the treatment is what is 
necessary and sufficient. As a consequence, 
there is far more variety among the blowing 
rooms of mills than in any other section. 

Cardroo'tn Processes .—The card room processes 
are, with one or two very important exceptions, 
much less drastic in their action on the cotton 
thfikn the blowing-room processes; the exceptions 
are carding proper, and combing; these two 
processes complete the final separation of the 
fibres from one another, which thereby run 
grave risk of breakage. 

Carding .—The laps from the scutcher consist 
of tufts of cotton still containing an appreciable 
quantity of foreign matter {trash). It is the 
function of the carding engine. Figs. 6 and 7, to 
disentangle the fibres of each tuft from one 
another, and to remove the remaining trash. 

Carding proper consists in passing the tufts 
between two carding surfaces, i,e. surfaces 


Machine, fed by Hopper Feeder. 

covered with numerous fine wires set at an 
angle, with their points opposed to one another. 
A tuft of cotton between two such surfaces 
moving in opposite directions may be quickly 
disentangled and the fibres separated from one 
another. Before the carding itself is done, 
however, a final cleaning action is carried out 
by means of a taker-in feed. 

As the lap unrolls it passes between a feed 
roller and a specially shaped feed plate, and is 
then acted on by the saw-like teeth of the 
” taker-in ”—a cylinder (9 in. diameter) covered 
with wire set spirally in its surface to give 
8 rows per inch width, with 4 teeth per inch 
along the wire. The taker-in revolves at some 
400 r.p.m.; cotton on its teeth passes one or 
two “ mote knives ” which help to remove trash, 
thence over the taker-in grid, to be transferred 
to the main cylinder, 50 in. diameter, moving at 
160 r.p.m., and covered with card wire, 
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lemperod steel wire set at an angle, with a 
density of 500 to 750 points per square inch. 
The second carding surface normally consists of 
a chain of over 100 “ flats ”—individual carding 
surfaces extending over the width of the carding 
engine {e.g. 45 in.) and only 1 in. in a fore and 
aft direction. These flats revolve slowly to 
facilitate cleaning, each flat being in position 
for carding for about 20 minutes; some 40 
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flats are engaged in carding at any instant. 
The two carding surfaces are set very close 
together (0*007 in.) and complete the separation 
of the fibres. The cotton emerging from 
between the carding surfaces passes on to a 
slow-moving card-wire (covered cylinder, the 
“ doffer,” 26 in. diameter, from which it is 
stripped by a fast-oscillating “ doffer comb ”; 
the doffer web thus obtained is passed through a 



Fig. 7.—Revolving Flat Carding Engine : Sectional Elevation, 
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pair of calender rollers and collected in a coiling 
can as a “ sliver,” a continuous rope of fibres 
which adhere together almost entin'ly by their 
natural clinging powers. 

Combing ,—Superior cottons are often corn bed ; 
this operation is done on the card slivers, wln<*h 
are combinc<l togcthtT to make first a “ slivcn* 
lap ” and then a ” ribbon la]),” by a combination 
and drawing out of sliver laps ; through the end 
of the ribbon lap a series of 17 or 20 combs of 
gradually increasing fineness is passed; the 
(tombed'figure is drawn out from the erul of the 


lap, the new’ fringe combed, drawn out and pieced 
up with the fibres previously drawn out, and so 
on, th<‘ repi'tition of the cycle giving rise to a 
sheet of combed fibres whiclj are then condensed 
to form the “ combed sliver.” This operation 
is valuable in removing short fibres, particularly 
nepH; it also serves to 7)lac(; th(^ fibres in a 
])arallel condition a condition conducive to 
strength of yarn. 

Drawing .—To increase the regularity of the 
sliver, and in the cas(^ of card sliver, also to make 
the fibres more nearly parallel, six or eight card 



Fio. 10.—Tntekmediate Rovino Frame (4(i Si’indles). 
A full-siz.e roving frame may have 160 or more spindles. 


or combed slivers are passed together, alongside 
one another, through four pairs of w’cighted 
rollers, each successiv^e pair revolving more 
quickly than the preceding pair, and so drawing 
out the material, the “ drafts ” being so arranged 
that the emerging material has nearly the same 
weight per unit length as one of the slivers fed. 
This treatment through “ one head of drawing ” 
is repeated—two, three and occasionally even 
four heads of drawing being given, Figs. 8 and 9. 

Speed Frames. —The sliver from the draw- 
frames is the most regular product in the cotton 
spinning mill. The funotioTi of the succeeding 


machines is to reduce the number of fibres in the 
cross-section, usually in successive stages, prior 
to the completion of the spinning processes by 
the insertion of twdst to give strength at the final 
stage of attenuation. These successive stages 
are carried out on the speed (flyer) frames— 
the slubbing, intermediate, roving. Fig. 10, and 
also the jack frame for very fine yams ; the pro¬ 
duct of each of these machines is known by the 
name of the corresponding machine. The draft¬ 
ing principle employed is the same as that of the 
drawing frames, the material passing between 
three lines (pairs) of rollers revolving at in* 
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creasing surface speeds. Much effort has been 
-devoted in recent years to economising in the 
process of attenuation, with a certain amount of 
success. Except in fine spinning, it is not usual 
to use drafts higher than 0, hut in these “ high 
draft ” systems the draft may he 20 or 30 or 
more. ISuch systems depend for their success 
on better fibrc-(‘ontrol during drafting operations. 
For convenience of handling, the attenuated 
products are given a slight twist and wound on 
to a bobbin—processes which give rise to com¬ 
plicated mechanical problems hut have no 
detrimental effect on the material. 

JSpinnirig .—The spinning machine prtiper is 
the final machine used in the formation of the 
yarn, and inserts the desired amount of twist in 
the roving, after its further attenuation in the 
spinning machine itself. There an‘ two methods 


for inserting the twist. The first is by means 
of the 7 nule, Fig. 11 ; this has a carriage which 
moves in and out about 5 ft., and which carries 
many slender spindles, revolving at speeds up to 
12,000 r.p.m. Rovings are placed in a fixed 
creel, ami led to tlu' si)indles through 3 lines 
of flralting rollers ; as the carriage moves out¬ 
wards roving is (leli\cred hy the rollers and the 
revolving spirulh's insert twist to the desired 
amount; the carriage tlum moves inwards, and 
the s})indl(‘s revolve: more slowly and wind up 
the spun yarn. Twisting and winding are thus 
consecutive and the spinning process is inter¬ 
mittent ; the carriage makes a complete in- 
and-out movement about four times per minute. 
The mechanical control is such that th(‘ tension 
during twisting and winding is controlled to a 
nicety, making possible the spinning of soft, full 



Fio. 11.—SRi.F-AoTiNfj Cotton Mui.k. 

Headstock with 24 spindles. (A full-size mule may have 1000 or more s])indles.) 


yarns desired for weft, as well as very fine yarns 
having rather low strength. For these reasons 
the mule has for a long time held its ground 
fairly well as a means of cotton spinning against 
the developments of its formidable rival—the 
ring frame y Fig. 12. This takes its name from the 
flanged steel rings that encircle wooden bobbins 
or paper tubes mounted on spindles that revolve 
at s^eds up to 10,(KK) r.p.m.; on the flange of 
each ring is spning a small piece of steel wire 
called a “ traveller,” through which the drawn- 
out roving passes on its way from the drafting 
roUers to the bobbins. The revolution of the 
bobbin creates a tension in the yarn which 
drags the traveller round the ring at a slightly 
slower speed of revolution than that of the 
bobbin itself; the difference between the two 
rates of revolution represents the number of 
coils of yam wound on to the bobbin. Thus 
on the ring frame twisting and winding proceed 


simultaneously and continuously. Owing to 
the tension inseparable from the method of 
spinning, ring spinning is not suitable for very 
fine or very weak yarns. The same reason 
makes it necessary to wind the yarn on a much 
larger diameter on a ring spindle than on a mule 
spindle, with the (consequence that for a given 
weight of yarn the ring spindle gives a much 
bulkier package than the mule. 

It may be noted that the twist inserted in a 
yarn may be clockwise or anti-clockwise, indi¬ 
cated respectively by the slope of the middle of 
the letters 8 and Z, these also being known as 
weft way twist and twist way twist. Z-twist 
is generally used for warp yarns—commonly 
known as “ twist ”—and also for the rovings 
made in the cardroom; S-twist is generally 
used for weft. 

The amount of twist inserted depends on the 
purpose for which the yarn is intended; fine 
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yarns require more twist than coarser ones, and 
the actual turns of twist per inch are obtained 
by multiplying the square root of the counts by 
a certain twist factor; common twist-factors 
are 3*17 for mule weft, 3*75 for mule twist, and 
4*0 for ring twist; for “ doubling weft,” i.e. 
yarn intended for doubling and actually spun, 
with Z-twist, the twist-factor is 2*9 or less. 

Cotton Doubling and Twisting -A large 
proportion of coarse and medium cotton yarns 
is used for jnaking fabrics in the form of 


“ singles,” ix. as spun, but with some suitable 
preparation; the remainder, and about 75% 
of fine yarn, are used in the folded state, ix. 
two or more single yarns are twisted together 
to form a “ thread.” Such folded yams have 
a multitude of uses; e.g. they arc used directly 
as threads for sewing, crochet, embroidery; 
in making hosiery, nettings, lace; and in woven 
fabrics such as canvases, ducks, voiles, poplins. 
The machines generally used for making such 
threads are the “ twiner ” and ” ring doubler ” 



Fio. 12.— King Spinning Frame (48 Spindles). 
A full-size ring frame may have 4(X) or more spindles. 


which arc very similar in principle to the mule 
and ring frame respectively, the chief difference 
being that their feed rollers do no drafting. 

14. Cotton Yarn Preparation.* —Before 
the yarns spun on mule or ring frame can l>e 
woven into cloth, certain preparatory processes 
are necessary for weaving. Cloth is woven in 

* It should bo noted that once the yarn has been 
spun, the subsequent i)roc('8se8 tend to be alike, no 
matter what may be the fllire of whh^h the yarn is com¬ 
posed. There is still great vaih'ty in the snbsiviucnt 
methods of processing; but the choice of a particular 
iue4hod Is guided by consideration of many factors, of 
which the properties of the llbre Itself constitute only 
one, whereas in the spinning proeesses these determine 
almost entirely the processing and machinery used. 
The machinery used for cotton doubling and weaving 
cAn in fact be used with comparatively slight modifi¬ 
cation for the doubling and weaving of similar yams 
made from other fibres. 


a loom by the interlacing of two sets of yarns 
at right angles to each other; those passing 
from side to side of the cloth are weft yarns, and 
those that lie lengthwise in the cloth are warp 
yarns. The yarns made by the spinner from raw 
cotton are known as ” grey yarns,” and if made 
into cloth without undergoing bleaching or dye¬ 
ing, they form ” gre\y cloth,” the aidaial colour of 
which depends on the colour of the cotton 
used, and ranges from dull white to various fawn 
shades. Often, however, striped cloths are 
made from yarns that have to be bleached, dyed 
or nu^n'eriseil before being placed in the loom. 
Thus the j>reparation n(3cded for yarn depends 
on (1) whether it is in the form of mule cops or 
ring bobbins (or tubes); (2) whether it is needed 
for warp or weft; and (3) whether it is to be 
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used grey or colouml. These three eonsidera- 
tions govern the tlioiee of the prejiaratory 
processes—the choice in every (‘ase being 
decided on economic grounds relative to the 
means available. Mule weft cops are very 
compact and suitable for immediate insertion 
in the shuttle of a loom ; ring bobbins, pirns 
or tubes may bo made small ff)r this purpose, 
but then need frecpient re])leniHhing, which may 
be accomplished on an automatic loom without 
diffi(‘ulty, but otluTwise may l)e exjumsive in 
labour costs. For scjinc purf)oses mule weft may 
be re-wound on a high-spiked winding fi'anu' into 
a more compact package, though whether the 
cost of re-winding is r<‘couf)ed depends u|)on 
the actual yarns used and th(‘ cloths being 
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woven. Warp yarns—even grey warps—rccpiire 
much more pre})aration than weft. 

In a fine cloth there may be 3,0(X) or more 
individual warp yarns, and in weaving, the 
breakage of a single yarn requires the stoppage 
of the loom for its n'pair, a com})aratively lengthy 
operation; such stop})ages are minimised by 
breaking out the weakest places in a winding 
frame, in which tlu' yarn from mule or ring 
twist is wound on to double flanged “ w'arper’s 
bobbins " carried on vertical s])indles. As each 
yarn proceeds indcpciuleuitly in this operation, 
the breakage of any one yarn under the tension 
of winding men'ly results in the cessation of 
winding on a singh' spindle. Theic an* further 
economic reasons for “ wituling ” the warp 



Fi(}. 13.— Beam Warper. 


yarns. Many fabrics are of a standard type, of 
which many thousand yards are required ; and 
before the warp is ready for weaving in the loom 
it has to receive a- coating of “ size ” (/’. If). 
Sizing), be wound on a beam ” {see helow), 
and the individual yarns drawn in proper order 
through “ healds ” carried on tw'o or more; 
“ shafts ” or “ staves ” and then through the 
“reed.” As each yarn has to be handled 
separately in these proteases they are tedious 
and expensive, but require to l)e done only omre 
for each warp; thus economy is secured by 
making the warp as long as possible. A single 
warper’s bobbin holds 8 oz. or more of yarn, or 
over 13,000 yards of 32’8 count. 

For a cloth containing up to 2,0(K) warp 
threads (ends) of 32's yarn, the first stage is to 
make 4 beams each <*ontaining 500 ends, on a 
beaming frame. Fig. 13. This consists of a creel, 
or framework, on whitdi 500 w-^arper's bobbins are 
placed; the threads are led from those through 
a reed, over and under certain rollers, through 
drop-wires or pins (they resemble hair-pins), 
one on each thread, then through an expanding 


comb, over a small roller to a “ beam ”—a 
wooden roller with large iron-flanged ends. The 
beam rests on a large wooden drum which is 
j)owcr-driven and in rc'volving causes the beam 
also to revolve and wind on the 500 threads. 
The purpose of the pins is to detect broken 
threads, a breakage causing the pin to drop 
and the machine to stop. A self-stopping 
measuring motion, set beforehand, causes the 
frame to atop when the desired length has been 
wound on the beam. The four similar beams are 
placed at the rear of the doJiher sizer or tape sizing 
fraiw .; in this machine the threads are led for¬ 
ward tc) form a single sheet which is led beneath 
a roller immersed in boiling size contained within 
a shallow box. The threads then pass between 
scjuc^ezing rollers, and thence on to the surface 
of two large' steam heated cylinders, for drying 
the yarns; on leaving the cylinders the yarns 
are separated from one another by means of 
dividing rods, and are them led through ^n 
expanding reed on to the weaver’s beam. 
Details of “ sizing ” ingredients and their 
preparation are given below in section 15. 
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The t)eaniing frame and the KlaHher mzor are 
the moHt e(;onottu<;al meaiiH of preparing grey 
warpfi and warps of one (U)loiir. The method of 
preparation of other eolonred warps Jargely 
depends on the length of the warp, the number 
of threads required, and the number of eolours. 
When many weaver’s beams are requinal all of 
the same ])attern, the yarn is first wound into 
hanks, in whieli form it is bleached and/or 
dyed, and sized, then wound on to warper’s 
bobbins ; these are made tirst into beam M arps 
and finally into loom warps. Jbit when many 
colours are used, the warper’s bobbins in the 
beaming frame are made into a “ .Herlional ” 
warp of narrow M'idth, with all the threads 
in the same order as required on the weaver’s 
beam ; a numbtT of these sections are placed 
alongside one another on a single beam, from 
which they an* run off on to a weaver’s beam. 
When only three or four colours are u.sed, the 
warp is made on a large cij*cular or other type 
of frame, from which it is ma<ie into a hall or 
chaiu, a convenient form for handling prior 
to dyeing and sizing. A number of such warps 
ar(' combined and the threads placed in due 
ord(T on a Yorkshire dressing fratne \ this f)ro- 
cess is a slow one because^ the s(q)aration of 
the threads from the (iilfercrd coloured warps 
and their arrangement in due order in a reed 
has to be done by hand befjre they can be wound 
on to the power-driven weav(‘r‘s })eam ; during 
this winding, the warp is “ dressed ” by moving 
the reed to and fro, and brushing th(* warp 
before it reaches the reed. When long hnigths 
of such warps are required in one pattern, the 
different colounnl warps of 3(K) to 50d ends may 
be dressed separately on to back beams on a 
Yorkshire dressing frame, and the back beams 
run off and their four warps combined on to a 
weaver’s beam in a further machine—the 
Scotch dressing frame. 

The final stage of preparing the w arp consists 
of drawing the ends through the healds and 
reed in their order. For this pur})ose the 
“ beam ’’is mounted in a “ drawing-in machine,” 
and the drawer-iii draws each individual thread 
in turn through its owui appropriate heald and 
“ dent,” or space between two wires of the reed. 
Where the w arp is followed by an exactly similar 
warp in the loom, much time is saved and the 
cost reduced by leaving threads of the old w arp 
in the healds and reed, and merely twisting 
together the corresponding ends of the old and 
new warps. In rec^ent years, mechanical 
methods have been introduced both for 
“ drawing-in ” and ” twisting ”—or “ tying ”— 
the warp, as these two operations are called. 

15. SiziN(3.®^' —Warp yarns are .subjected to 

abrasion and high tension in weaving; coarse 
folded yarns for heavy cloths—ducks and 
canvases—can withstand the abrasion and 
tension without treatment, but single yarns 
have to receive a coating of “ size ” to reduce 
their liability to break in the loom. This 
“ size ” has a carbohydrate basis—either fer¬ 
mented flour, sago, maize (corn starch) or 
potato starch (farina); or sometimes vegetable 
gum. These when properly preparc<l act as 
adhesives which bind the outside fibres to the 
core of the yarn and prevent fraying during 


weaving. The film produced from any of these 
substances is harsh and brittle, and is therefore 
softened by adding tallow, which also acts as a 
lubricant, or some other softener—vegetable oil, 

; wax, glycerin or Koaj>. Other substances may 
also b(i added, e.g. china clay for weighting 
purposes; the dclicpiesccnt magnesium or 
calcium chlorides, or glycerin, to keep the yarn 
moist and ]>liablc ; and zinc chloride or Shirlan''’ 
to ])rcvciit the yarn mildewing. For light 
sizing, used for poplins, shirtings, linings, etc. 
—or cloths that are bleached, printed or dyed, 
the siz(‘ added amounts to 10-20% of the 
w eight of the w arp and consists almost entirely 
of sago or flour, with a little softener and anti- 
K<*ptic; for medium sizing, adding 20-50% to 
the weight of the warf), the extra weight is 
attainefl by the use of china clay; such sizing 
is u.sed for Indian drills, (iiina shirtings— 
c'oarse yarn cloths which arc shipped in the grey 
state. Heavy sizing is intended for weighting 
purposes, and may add as much as 100% to the 
weight of the cloth Ibrn^erly .sold in the native 
markets abroad. Whc^atcji flour, fermentcxl or 
stec})(-d with zinc chloride, is largely used as thc^ 
basis of this sizing, though for still heavier sizing 
gums may be added in conjunction with china 
clay as a weighting agent. 

The different ingredients are prepared in a 
S(‘rit‘s of hechs or large tanks of some 000 gallons 
ca})acity. For ihnnented flour, four such becjks 
may be used, two for fc'rnumting the flour and 
two for mixing and boiling; the bec'ks are 
])rovided with agitators for stirring, and pumps 
for transterring the* mixture from cme beck to 
another; at the bottom of the mixing bocks 
are perforated coi>})er pipes to admit steam for 
hc‘ating. Making up a Hour mixing for fer¬ 
menting is spread over 3 or 4 days—some eight 
sacks of flour being added gradually with an 
appropriate amount of water, with continuous 
.stirring ; it is allowed to ferment for some weeks 
(2 to () or more) before use. For pure sizing for 
weaving, the mixing of 92% sago or wheat 
flour and 8% tallow' would be suitable ; the pure 
flour might be partly replaced by farina. For 
”50% medium sizing,” a mixing used is; 
fermented flour 32%, china clay 15%, tallow 4%, 
magnexsium chloride 1 -25%, and zinc chloricle 
1%. For ”100% heavy sizing”: fermented 
flour 40%, china clay 40%, tallow 10%, mag- 
ne.sium ciiloride 5%, zinc chloride 4%. Although 
these recipes are mentioned, it must be realised 
that there is great variety in such recipes in 
sizing practice. 

10, Weaving.'*®—I t has already been men¬ 
tioned that weaving consi8t.s of the interlacing 
of two sets of threads—the weft and the warp 
—at right angles to each other. Success in 
commerc'ial weaving is conditioned by the degree 
of control that can be exercised mechanically 
over the warp and the weft so as to permit of 
high-speed weaving; the gain from mechanisa¬ 
tion in weaving is much less than in spinning, 
for while it has reduced spinning costa to about 
l/40th, weaving costs in general have only been 
halved. 

The machine for weaving is called a “ loom.” 
Looms vary in dimensions and construction to 
suit the different types of fabric woven on them 
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—of which the width, weight and design (if any) 
are the most important factors in this respect, 
as well as the fibre from which the yams are 
made. The simplest type of loom is a pUiin 
loom^ Figs. J4 and 15, used for making “ plain 
cloth ” such as calico, sheetings, etc., and in 
order to convey some idea of the process of 
weaving, the plain loom will be dcstTibed in some 
detail. 

Three primary operations are necessary to 
effect the interlacing of the threads : 

(1) When the warp is unrolled from the beam 
to form a plane sheet, some of the warp threa<ls 
must first be raised out of the plane; this 
operation is known as “ shedding. 

(2) Through the shed formed by separating 
the warp into two planes, a weft thread or 
“ pick ” is passed; this operation is known as 
“ picking.'" 

(3) The pick must bo placed in its proi>er 
position relative to the previous pick; as this 
is not mechanically possible in picking itself, 
a separate operation known as “ heating up " is 
net^essary. 

After one “ pick ” has been inserted a difibrent 
“ shed ” is needed for the next “ pick ” in orde^r 
to effect the interlacing, so some or all the warp 
threads must be moved relatively to each other, 
another pick inserted, beaten up, and the whole 
cycle repeated. For plain cloth only two tyj)es 
of shed are required, and these are formed 
alternately for successive picks. If wo imagine 
all the warp threads to be numbered from one 
side, then in shedding, all the odd-numbered 
threads form one plane, and all the even- 
numbered threads form the second plane, and 
these two planes (change places for successive 
picks. To effect this change of position, each 
warp thread passes through the eye of a “ heald ” 
(made of thick thread or wire, see Fig. 15), and 
all the healds controlling odd-numbered threads 
are mounted together on one “ stave,” and all 
those controlling even-numbered threads are 
mounted on a second stave. Thus the appro¬ 
priate motions of the two staves determine which 
of the two sheds is formed. The relative 
disposition of the parts of a plain loom wdll be 
clear from the diagrammatic sketch. Fig. 15. 
The warp from the weaver’s beam WB at the 
back of the loom passes over or under leese rods 
L, L', and through the healds C, C', which 
divide the w^arp and form the shed; the warp 
yarns continue to the fell of the cloth. The lower 
part of the shed rests on the race board of the 
slay F (a wooden beam); the shuttle X, is driven 
through the shed across the race board of the 
slay, leaving a trail of weft behind it; the weft 
thread is afterwards beaten up to the “ fell ” of 
the cloth by the reed D at the back of the slay. 
The cloth is drawn forward, as made, over the 
front rest L and the sand roller M, and thence to 
the cloth roller N, on which it is wound up; a 
special “ taking up ” mechanism governs the 
motion of the cloth roller and sand roller. This 
taking-tip of the cloth necessitates a controlled 
unwinding of the weaver’s beam by means of a 
“ let-off ” motion. The motion of the healds 
for shedding is accomplished by means of cords 
and straps from two levers B, B' fulcrumed on a 
shaft B ; cams (tappets) A, on a bottom shaft 
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move these tappet levers, the bottom shaft itself 
being driven from the crank shaft P, which is the 
main shaft of the loom driven by the external 
source of power. One pick is inserted during 
each revolution of the crank shaft; in plain 
weaving tluTc are two sheds formed alternatively 
in a single revolution of the bottom shaft, during 
which two picks arc inserted for every two 
revolutions of the crank shaft; and as the 
picking has to be done from each side of the 
loom alternately", the picking tappets to accom¬ 
plish this are also rnountetl on the bottom shaft; 
each picking tappet acts on a conical picking 
bowl attached to a vertical picking shaft, on the 
top of which is fixed one end of a horizontal 
wooden picking arm ; from the other end of the 
picking arm a leather strap, the picking band, 
passes to a buffalo hide “ picker,” which slides 
freely on a spindle in the “ shuttle-box ” and 
so drives the shuttle out of the box and across 
the shed each time each picking tappet operates 
— i.e. once each in every revolution of the 
bottom shaft; the two picking tappets on each 
side of the loom act alternately. 

As beating up is necessary for every pick, the 
to-and-fro motion of the slay and reed is takem 
direct from the crank shaft by means of two 
cranks and (‘onnecting arms. 

The slay itself is supported by two arms or 
swords, moving at their lower ends on rocking 
shafts. The speed of a loom is indic'ated by the 
numlxT of picks inserted per minute; this 
number depends on various factors, such as the 
type of cloth being woven and the width of the 
loom ; for looms making plain cloths 3fi in. wide, 
the speed is sonut 200 picks per minute. 

More com}>licatod cloths than plain cloth are 
obtained by using more staves and varying the 
shedding. Any set of warp threads that move 
together to form part of the top shed or the 
bottom shed may be moved by one stave; but 
whereas for plain cloths and checks only two 
staves are essential, more are required for other 
cloths—up to 24 or above, acciording to the 
complication of the cloth. Tappets may still 
be used to actuate the shedding when com¬ 
paratively simple cloth structures are required, 
such as drills, tw ills, satins, etc.; the limiting 
factor in the use of tapptds is the number of 
sheddings necessary for each repeat of the 
pattern; for these cloths the tappets must be 
mounted on a countershaft during one revolution 
of which every type of interlacing in the repeat 
is effected. Thus for a simple satin made wdth 
5 staves and repeating on 5 picks, the drive 
to the countershaft must be such that it revolves 
at only one-fifth of the speed of the crankshaft. 
There are many types of tappet looms, of varying 
capacity and arrangement of tappets. 

The cost of weaving depends largely on the 
wages paid to the weavers; in Lancashire a 
weaver commonly attends to 4 looms only; 
such looms stop automatically at every few 
inches of cloth woven owing to the weft in the 
shuttle being used up. The weaver then has to 
withdraw the shuttle from the shuttle*box and 
replace it by another shuttle in which she has 
already placed a full cop, and re-start the loom. 
In a so-called “ automatic loom ” all these 
operations are performed automatically, without 
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the loom stopping, through mechanism that 
acts on a battery of bobbins or shuttles at one 
side of the loom, and inserts a new bobbin or 
shuttle as i’e(|uire<l. With this rt'lief a. single 
weaver may attend as many as iM), 40, (50 or 
even more looms with eonsid<Tabk‘ economy in 
total wages. This system has become very 
popular in America in the last 50 years, aiul is 
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obviously eminently suitable where wage-rates 
are high and weavers scarce. 

When the woven pattern is of greater (om- 
plexity, consisting, for example, ol diamonds, 
honey cfunhs, spots, or small figures, and 
napiiring, say, 12-10 stavc's and repeating on 
l(> or nior(' picks, the ta[)]>et method of shedding 
becomes unsuitable, and a machine (tailed a 



{Photo: Courtesy of Messrs. Butteru^ortfi and Diekinson. 
Ftg. 16.— Six-Shuttle Revolvino Box Loom with Doubj.e Jacquard Machine. 


Dobhy is used for the purpose. This may be 
regarded as an attachment like a simple pianola, 
which causes the staves to be lifted by hooks 
which come into operation in accordance with 
the proper design set out by means of perfora¬ 
tions in cards, or pegs in short wooden rods 
known as lags. The use of the dobby is re¬ 
stricted to small patterns because if the number 
of groups of warp threads that always move 


together exceeds 20, the number of staves 
re(|uired would correspondingly exceed 20—and 
this would make the weaving mechanically 
impossible owing to the space occupied by the 
staves and the necessity for all of them to give 
the same angle of shed in order to permit the 
free passage of the shuttle. Larger and more 
complicated woven patterns—characteristic of 
damasks, brocades, tapestries, quilts—are there- 
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fore woven by means of a different machine— 
a Jacquard, Fig. 16, so called after its nominal 
inventor. In this machine provision is still made 
for groups of warp threads always to move to¬ 
gether. What corresponds to a heald is made 
from a mail (7, Fig. 17) having a central eye 
through which the warp thread passes; twine 
is attached to the tof) and bottoin of the mail, 
the lower twine carrying a slender leaden rod or 
Imgo (8, Fig. 17) to act as a weight, whilst the 
iipi)er twinti is (connec ted to a cord that passt's 
vcrtictally upwards through a hole in a board, 
the comber hoard (6, Fig. 17), and is tlien con¬ 
nected with the cords from all other mails which 
move together; a mastc'r cord—the neck cord 
(9, Fig. 17)—conne<*tH the junction of these cords 
with a hook on the Jacquard (4, Fig. 17); th(‘ 
combination of branching cords is known as the 
harjiess. The seh'ction of mails by th(‘. Jac(piard 
is similar to that of tlu^ dobby, perff>rated cards 
being used to (h'termine the selection of mails 
to be raised ; oru' card is needl'd for c:ach I3ick, 
s() that a pattern of many hundreds of ])icks 
requires as many cards ; these are expensive in 
first cost, and in storage, and various inventions 
have aimed at reducing to a minimum thi' 
number of cards, and even reducing thi'ir size 
and weight, or at increasing the speed of the 
weaving. Jacquards are made in various sizi's 
ranging from 100 fo 600 hooks. The number 
of hooks represents the number of staves to 
which the Jacquard is eijuivaleni, a common 
size being one of 400 hooks; while for large' 
repeating patterns two machines, (.cj. two 
400's may be used (Fig. 16). 

The action of a Jacquard is illustrated in 
Fig. 17. A horizontal wire needle with a loop 
at 1, passes thmugh a j^erforated board 2 at oik' 
end, whilst the other end is loojied and presses 
against a spiral spring 3; the loop 1 controls 
a vertical hook 4, which is bent as shown at 
its two ends, the lower end resting on th(3 bottom 
board 10 when the hook is not lifted. A number 
of thin metal blades, on a frame, form a griffe 5, 
which is raised and lowered every pick ; w hen 
the gritfe is in its lower position the blades are 
about I in. below the turned-over portion of the 
hook. If now the needle is pushed back, its 
loop moves the hook slightly aside, so that when 
the griffe rises its blade misses the turned-over 
top of the hook, and the hook does 7iot rise, nor 
do the mails 7, which it controls; but if the 
needle is not pushed back, the griffe blade does 
catch in the top of the hook, which it lifts as it 
rises. The pushing back of the needles is 
effected by the perforated cards; for each pick 
one side of a square-section prism (the 
“ cylinder ”) presses a card against the ends of 
all the needles; where holes have been punched 
in the card, the ends of the corresponding needles 
pass through the holes, and the hooks they 
control are not displaced, but are lifted by the 
griffe. Needles with no holes punched opposite 
to them in the card are pushed to one side, and 
the corresponding hooks are displaced and not 
lifted by tiie griffe, as shown for alternate hooks 
in Fig. 17. So the shed is formed and the pick 
inserted; the cycle is completed by the removal 
of the perforated card, when the spiral springs 
cause the needles to revert to their original 
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positions, the griffe descends, and with it, by 
the action of the lingoes, the hooks that it lifted. 
Another cycle for the next pick then begins, the 
next perforated card being presented to the ends 
of the needles, the new shed is formed, the pick 
is inserted, and so the figure weaving proceeds. 
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A. J. T. 

FIBRES, VEGETABLE. (Imsijicution. 
Vegetable fibres are most satisfactorily classified 
according to the part of the plant from which 
they are derived. On this basis there are three 
groups, as follows: 

(1) Bast Fibres or Stem Fibres^ obtained from 
the fibrous strands which occur in the inner part 
(bast) of the cortex of the wand-like stems of 
certain dicotyledonous plants. These fibres arc 
normally extracted by retting, followed by 
mechanical or hand treatment. Increasing 
attention is, however, being given to mechanical 
and chemical processes as alternatives to retting. 
Flax, hemp, jute, Bimlipatam jute, sunn hemp 
and ramie are the most important fibres of this 
class. 

(2) Leaf Fibres, extracted from the leaves or 
leaf structures of inonocotyledonous plants. 
The fibre is normally separated by purely 
mechanical processes involving the crushing of 
the loaf and the scraping of the leaf tissue from 
the fibre strands. 

The chief leaf fibres of commerce are : Manila 
hemp, sisal, henequon, Phormium (New Zea¬ 
land ” flax ”), Mauritius hemp, piassava and 
other brush-making fibres, and crin v^^tal. 

(3) Fibres from Seeds and Fruits. —Cotton, a 
true seed hair, falls in this group, as also do the 
flosses, e.g. kapok (actually kapok fibres are 
attached to the capsule), simul and akund. As 
the seed hairs exist naturally in the free state, 
the separation of fibre from setnl is all that is 
needed for their isolation. 

Coir obtained from the fibrous husk of the 
coconut is another important member of this 
class of fibres. 

Commercially, fibres are classed as ** soft ” 
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or “ hard,’’ hard fibres being essentially cordage 
fibres. Since, however, the standard hard fibres 
are all leaf fibres, and the soft fibres all bast 
fibres, the botanical and the commercial classifi¬ 
cations correspond. 

Chemically, vegetable fibres are composed of 
cellulose associated with various amounts of 
lignin, pectinous substances, hemicelluloses, 
waxes, etc. From the analysis of a large number 
of different vegetable fibres, A. G. Norman 
(Bioehem. J. 1936, 30, 831; 1937, 31, 1575) 
divides the common fibres into two broad groups 
on the basis of the xylan content of the cellulose 
in the fibre. The low-xylan group, with under 
()% of xylan calculated on the cellulose, com¬ 
prises the high quality textile fibres, whereas the 
fibres of coarser type, culminating in the hard¬ 
woods and straws, are found in the high-xylan 
group, 13-25%. None of the fibres examined 
yielded cellulose with between fi and 13% of 
xylan. Jt was also establish(‘d that the degree 
of lignification gave no indication of the type of 
cellulose to be met with. 

The identification of vegetable fibres depends 
for the most part on certain colour rea(‘tions and 
on the dimensions and microscopic character¬ 
istics of the ultimate fibres, i.e. the elongated 
cells of which the fibre strands are built up. 
Reference should be made to Heermann and 
Herzog, “ Mikroskopische und meehanisch- 
teehnische technische TextiJuntersuchungen,” 
Berlin, 1931 ; J. M. Matthews, ” Textile Fibers,” 
New’ York, 1924; M. A. el Kelaney and G. O. 
Searle, Proc. Roy. Soc,, B. 1930, 106, 357. The 
tentative methods for the identification of textile 
fibres given in A.8.T.M. l)27fi-37T (Proc. Amer. 
Soc. Testing Materials, 1937, 38, 1174) are of 
assistance in the identification of the commoner 
vegetable fibres. 

BAST FIBRES. 

Flax.—Flax fibre is obtained from the bast 
of the stems of the flax plant, Linum usitatis’ 
simum, Fam. Idnaceie. Linseed oil is derived 
from the seed of the same plant. The varieties 
grown for oilseed have, however, different cha¬ 
racteristics from the fibre flax plant, they are 
cultivated chiefly in warmer countries, e.g, 
Argentine, India and North America, and do not 
yield a valuable fibre. Flax is grown for fibre 
in temperate countries, notably in Russia the 
largest producing country, and in the Baltic 
States, l^oland, Belgium, France, Germany, Hol¬ 
land and Northern Ireland. The chief uses 
of flax are for the manufacture of linens, for 
making canvases capable of resisting exposure 
and hard usage, e.g. sailcloth, tent-cloth, tar¬ 
paulin, etc., and for the production of strong 
threads and twines. Ijinen rags and cuttings 
are a valuable paper-making material imparting 
strength and “ wetness ” to pulps in which they 
are incorporated. 

Cultivation and Preparation of the Fibrje .— 
Flax is an annual which reaches a height of 
about 3 ft. The plant consists of a single 
slender stem usually devoid of side branches 
other than those bearing the flowers, which may 
be either blue or white according to the variety. 
Recent plant breeding work has now made avail¬ 
able new strains, such as the Stormont varieties. 
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and the Liral varieties (the latter having been 
produced by the Linen Industry Research Associ¬ 
ation, Lam beg. Northern Ireland) w hich yield 
50% more fibre per acre than the ordinary 
commercial varieties. The cultivation of flax 
presents no special difficulties. The seed is 
sown thickly and can l>e grown in almost any 
type of soil that is neither excessively light nor 
extremely heavy. The crop takes about 14 
weeks to mature and, in order to obtain the 
best fibre, should be harvested before the seed 
becomes fully ripe. The plants are harvested 
by pulling, either by hand or by means of 
mechanical flax pullers. If the seed is to be 
saved, as is frequently the practice, deseeding 
or rippling is carried out by drawing the heads 
of the steins through coarse rippling combs which 
remove the seed bolls. Mechanical rippers may 
now be employed. 

Retting, the next very important stage in the 
isolation of the fibre, has for its purpose the 
loosening of the fibre strands from the central 
woody core of the stem, so that, in the subsequent 
proce.Mses, the fibre may be separated from the 
stem with the minimum of breakage, waste and 
loss of strength. Sub-division of the larger 
fibre bundles should also follow as a result of 
successful retting. .4s seen in a transverse 
section of the stem, the strands of fibre form a 
single ring of adja(‘ent, but usually separate, 
fibre bundles situated in the soft bast tissue 
w'hich lies immediately under the cortical layer 
and surrounds tlu^ w'oody core. Ordinary ret¬ 
ting processes consist essentia lly of the fermenta¬ 
tion of the pectinous material of the middle 
lamelhe joining together the thin cell w’alls of 
the soft bast. This is effected by micro¬ 
organisms, especially Gratiulobarfer pectinororum 
{ Aynyfobacter pectinovorum), naturally present 
on the stems. After retting, separation of the 
fibre strands from the woody core and from each 
other is easily effected. Several diffei’cnt sys¬ 
tems of retting are practised : 

Dew netting .—This process, which is very 
commonly employed in Russia, and to a certain 
extent in other countries, consists in spreading 
out the freshly pulled straw on the grass in 
meadows and leaving it exposed to the action 
of the weather until it is sufficiently retted. 
The straw may be turned from time to time but 
i otherwise receives no attention. Dew retting 
is the cheapest form of retting and the simplest 
and easiest to carry out, but dependence on 
climatic conditions renders the method incapable 
of control and uncertain in result. Under ideal 
conditions, however, a first class product can be 
obtained. 

Water Retting .—There are two different 
methods of water retting, Irish dam retting and 
Courtrai, or double, retting. The Irish method is 
carried out by the farmer who has growm the 
crop. Bui idles of the straw are packed in a 
dam or pond, are sunk by w^eighting with 
stones, and are left to steep. From 9 to 10 days’ 
retting is usually required. The Irish method 
has the disadvanLige that every small cultivator 
produces a slightly different product and the 
spinner is therefore supplied with a large number 
of small and varying batches of fibre. 

The Courtrai system of double retting in the 
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sluggish River Lys yields the highest qualities 
of commercial flax. The straw, whi((h is not 
retted until the summer following that in which 
it was harvested, is packed into wooden crates 
which are moored to the river hank and sub¬ 
merged in the water. The crates are lined with 
sacking to prevent the (uitry of river mud, et(i. 
The first retting occujues about a week, after 
which the straw is removed, dried in a field, and 
then given a second retting of 4 or days. The 
flax retted in the l.<ys is grown over a wide area 
and transported to (central retteries on the river 
for treatment by experienced letters. This 
system enables a highly uniform pro<luet to be 
obtained and allows of the fibrt* being graded 
in bulk. Dam retting is also practiseil on the 
Continent, 

Tank Retting —0\' iho many alternatives pro¬ 
posed to ordinary dew and water retting, warm 
water tank retting has been the method most 
generally adopted and tank retteries are now to 
be found even along the banks of the Lys. I'he 
advantages of the method are that it can be 
carried out all the year round, that it is tpiicker 
than ordinary retting, and that it is beltcT 
capable of control, 'idu' straw is jiacked in 
large tanks jirovided with steam coils for beating 
and is frequently given a few' houis’ preliminary 
leaching in water. The water, which dissf>lves 
a considerable amount of the water-soluble 
material from the straw, is either run away or is 
diluted considerably with fresh water. In this 
way material which would provide food for non- 
retting micro-organisms is removed and the 
development of too great an acidity is avoided ; 
as a consequence the pectic fernu'iitation pro¬ 
ceeds smoothly and tlu' danger of the fibre 
being w'eakened during drying by the prevsence 
of acids is minimised. As an alternative to 
leaching, a slow flow' of water may be allowed to 
percolate through the vat during the course of 
the ret. The actual retting takes place at a 
temperature not exceeding and usually 

at a somewhat lower temperature, especially 
towards the end of the operation. At the con¬ 
clusion of the ret the straw is well washed, either 
with cold water or sometimes witli a dilute 
alkaline solution. 

Numerous modifications of normal vat retting 
have been proposed, e.g. Carl)one’s method using 
BaciUus felsmeus and Rf'ssi’s aerobic ret which 
requires aeration of the retting liquor. The 
acceleration of the process by the addition of 
various chemicals has likewise been the subject 
of a number of patents. Various efforts have | 
also been made to devise a continuous retting 
process. Thus in Schneider’s channel retting I 
the straw is placed in open crates with per¬ 
forated sides. These crates, which are sub¬ 
merged in a long channel, move slowly forward 
against the current of water at such a rate that, 
by the time they reach the end of the channel, 
retting is complete. The impossibility of main¬ 
taining the cleanliness of the channel has proved 
a great difficulty. As a means of facilitating 
the handling of flax during retting processes, a 
method whereby the straw is sewn into “ mats ” 
has recently been devised. Chemical methods 
of retting have also received attention, e.g. 
Peufaillit’s system in which the straw is cooked 


with water in the presence of a hydrocarbon, the 
Opitz process, which is worked in Germany, the 
Tergan method and the Decuypc^re-Dujardin 
process. Finally, it is possible to dispense with 
the retting process and prepare the fibre for 
spinning by purc'ly mechanical means (crimper- 
breakei), (hoarse con vases arc now being manu¬ 
factured from fibre thus jwepared. Biological 
rt'tting, in one form or another, remains, how¬ 
ever, the normal method of separating flax from 
the straw. 

For further information concerning the theory 
and practice of flax retting, the following authors 
j should be consulted : G. Huschmann, Grund- 
! lagen der Kbste,” Leip'/ig, 1923; J. Text. Inst. 
1924, 15 , Tfll ; J. W. l^orter. Text. Manuf. 
192f), 52, 3(}S ; W. H. Gibson, J. Text. Inst. 1936, 
27, P29«. 

kyre and Nodder {ibid. 1924, 15 , T237) have 
studied the dev(*l()j)ment of acidity, both total 
and “■ permanent ” {i.e. due to acids other than 
carboni(‘) during the course of tank retting under 
various conditions. They recognise four stages 
in retting and ])rf)pose acidity measurements as a 
means of determining the technical end-point. 
Similar results were obtained by Portm*. The 
acids })roduc(‘d in biological retting are members 
of the acetic acid series; lactic acid may also 
be fornu'd under certain conditions (Stormer, 
Zentr. Bakt. II 1904, 13 , 309; G. Ruschmann, 
Mitt, dcs Forschungs-lnst.Sorau, 1921,2, No. 12). 

Aft(‘r retthig tin* flax is dried, usually in the 
o})en air. Artificial drying, in tunnel driers at 
35 -40 (A, is fre({uently practised in conjunction 
with tank r(‘tting, but the r(*sulting fibre is 
considered inferior in quality to that dried 
naturally. In the next process, known as 
breaking, the dried straw' is passed betw'een a 
number of pairs of rotating, coarsely fluted 
rollers which, without damaging the fibre, 
break the central woody coi'e into short lengths. 
The flax is then scutched by means of machines 
provided with wooden blades which strike the 
broken straw' and expel the short ))ieces of stem. 
Large capacity turbine scutching machines which 
(completely mechanise the processes of breaking 
and scutching have been introduced, but do not 
give such good results as can be obtained by 
hand with an ordinary scutch w'heel. Pre¬ 
liminary scutching with a turbine scutcher, 
followed by hand treatment with a seut(di wheel 
is, therefore, often practised. The by-products 
of scutching arc the fragments of woody stem, 
known as shive, and scutching tow'. The shive 
is burned and the scutching tow is utilised in the 
manufacture of tow yarn. 

After scutching the fibre is in the state in which 
it is sold to the spinner. Its value will depend 
on the success with which each of the foregoing 
operations, from the sowing of the seed to the 
scutching of the straw, has been earned out. 
No satisfactory, simple scientific test has been 
devised by means of which spinning quality can 
I)e determined. An expert, handling and 
examining a representative portion of the fibre, 
can assess its value with a fairly high degree of 
accuracy. Judgment is based on such properties 
as suppleness, lustre, feel,” and to a lesser 
degree colour which, however, varies with the 
mode of retting. 
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The conversion of raw fibre into yarn involves 
the following operations. First, a hand combing 
known as “ roughing ” followed by hackling, a 
machine combing with successively finer combs. 
In the manufacture of the finest grades of linen 
the flax is hand-dresse(^^ prior to hackling and a. 
more even final product is thereby obtained. 
In the next process, known as “ preparing,” the 
fibre is worked into a rove whic^h is spun either 
by the wet or by the dry spinning process. Wet 
spinning, which is essential for the production 
of fine yarns, is accomplished by passing the rove 
through a trough of hot water. 

Flax is not readily bleached, and long and 
elaborate methods are necessary to attain the 
desired result without tendering of the fibre. 
Bleaching is invariably a(!Complished either in 
the yarn or the piece and the processes used are 
either (a) an entirely chemical bleach effected 
by a scries of alkali boils alternating with 
bleaching with bleaching powder solution and 
“ souring ” with acid, or {b) in the case of 
delicate and expensive fabrics, sun bleaching 
on bleaching greens in conjunction with mild 
chemical treatment. In the manufacture of sail¬ 
cloths, canvases, tarpaulins and similar heavy 
materials that are subject to hard wear and 
exposure to the weather and the attack of 
micro-organisms, the grey yarns arc frecjuently 
given a boil in dilute alkali. The fibre is thereby 
(^leaned, purified and freed from easily hydrolys- 
able material and the yarn acquires an improved 
colour, better weaving properties and greater 
resistance to bacterial action (Elkin, J. Text. 
Just. 1935, 26, P2()l) {v. Bleachin(}, Vol. 11, 
p. 11). In the finishing of linen the cloth may 
either be calendered or it may be subjected to 
beetling, a pounding of the roll of cloth with 
wooden hammers. The fabric is thereby closed 
and the beautiful, characteristic finish produced. 

In recent years considerable interest has been 
shown in the treatment of flax by “ cottonisa- 
tion ” processes, especially in central European 
countries. Cottonisation is merely chemical 
retting carried to its extreme so that the flax is 
reduc‘ed to its ultimate fibres, in which form it 
can be mixed with cotton and spun on cotton 
spinning macliinery. The advantages to be 
gained are the possibility of utilising tow, low 
grade flaxes and linseed fibre and the elimination 
of the more expensive flax spinning operations. 
A great variety of different methods of cotton¬ 
isation have been proposed, mostly they involve 
alkaline cooking of one type or another. The 
desiderata are that the cellulose of the fibre 
should not be degraded, that the fibre should be 
properly and evenly separated, and the fibres 
should not adhere to each other on drying. 
Cottonisation has reached the stage of com¬ 
mercial production. Reference should be made 
to G. Kranzlin, Faserforschung, 1921, 1 , 121; 
K. Schneider, ibid. 1937, 12 , 169; F. Tobler, 
ibid. 1937, 12 , 178; W. Bratowski, Textilber. 
1937, 18 , 10, 12. 

Mention must be made of the possibilities of 
finding profitable outlets for the straw of flax 
grown for linseed of which, at present, a con¬ 
siderable tonnage is burned annually. The fibre 
obtained from linseed straw is too short and 
coarse to be suitable for flax spinning. Mechani- 
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cal extraction of fibre suitable for use as an 
upholstery tow has been practised to a small 
extent in the United States of America. Other 
possible methods of utilisation are mechanical 
separation of the fibre followed by cottonisation 
or the pulping of the material for (!onversion 
into paper. The use of the separated bast fibre 
for paper pulp manufacture would probably be 
uneconomic and the pulping of the w^hole straw 
presents certain difficulties. Thus for example, 
owing to the chemical and physical differences 
between the shive and the bast fibre, all normal 
digestion processes, when carried far enough to 
cook the shive properly, are found to over-cook 
and weaken the bast fibres. The fibres obtained 
from the shive are, moreover, very much shorter 
than the bast fibres. The more important 
contributions to the paper-making value of flax 
straw are as follows : Kellogg, Shaw and Bicking, 
Paper Trade J. 1923, 77, 43 ; Schafer, Bray and 
Peterson, Pulp and Paper Mag. Canada, 1927, 
25, i, 209; Bray and Peterson, Paper Trade 3. 
1928, 86, No. 3, 48; Schafer and Peterson, 
ibid. 1928, 86, No. 3, 51 ; Schafer and Bray, 
Ind. Eng. Chem. 1929, 21, 278; J. L. Merrill, 
U.S. Dept. Agric. Bull. No. 322, 1916; Jayme, 
Pfrc'tzschner and Ditz, Papier-Fabr. 1938, 36 , 46. 

The dimensions of flax ultimate fibres given 
by Hecrmann and Herzog are length 10-38 mm., 
width 14—40/x. It appears, however, that the 
dimensions of the ultimates vary with their 
position in the stem (E. Slattery, j. Text. Inst. 
1936, 27, TlOl). Flax ultimate fibres do not 
exhibit convolutions as do cotton fibres. They 
possess narrow lumens and at intervals along 
their length show'^ node-like swellings and cross- 
markings. The microscopic characteristics of 
flax ultimates are \ery fully described by 
0. R. Nodder {ibid. 1922, 13, TlOl). The same 
author (Trans. Faraday Soc. 1924-25, 20, 251) 
gives a valuable review of information concern¬ 
ing the structure, double refraction, pleochroism. 
X-ray examination, drying twist and swelling 
phenomena of flax fibre. 

Analysis of Irish flax by A. G. Norman 
(Biochem. J. 1936, 30, 832) gives, on a moisture- 
free basis, cellulose (Norman and Jenkins’ 
modification of Cross and Bevan’s method) 
91-2%, lignin 3 3%, total furfuraldehyde yield 
2-3%, cellulose furfuraldehyde yield 1*9%, 
xylan in cellulose 3-0%, furfuraldehyde from 
hemicellulose 0-4%. 

It was formerly supposed, on insufficient 
evidence, that pectin was the non-cellulosic 
constituent of flax which dissolved, and ac¬ 
counted for the loss in weight (up to 25%), 
which occurs when linen is boiled in alkaline 
liquors. It has now been established that the 
pectin content of flax is too low to account for 
more than a small proportion of the non- 
cellulosic material in the fibre. It is probable 
that the pectin in flax free from cortical tissue 
occurs only in the middle lamellje separating the 
ultimate fibres in the fibre bundles. The con¬ 
stitution of flax pectin has been studied by 
Ehrlich and Schubert (Biochem. Z. 1926, 169 , 
13), who prepared their product by boiling flax 
with water under pressure and obtained a yield 
of water-soluble material, “ Hydratopektin,” 
amounting to 16% of the weight of the dry flax. 
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Extraction with 70% alcohol separated the 
Hydratopektin ” into 65% of hexopentosan 
(galactan-Ispvulosan-xylan-diaraban) and 45% 
of the CaMg salt of Pektinsauro (not identical 
with other workers’ pectio acid; Ehrlich’s 
nomenclature is his own). For Pektinskure, 
Ehrlich and Schubert suggest the formula, 
^ 46 *^ 08 ^ 40 ’ corresponding to diacetyl-arabino- 
xylo-galacto-dimethoxyl-tetragalacturonio acid. 
S. T. Henderson (J.C.S. 1928, 2117) used 
the ammonium oxalate extraction method to 
isolate the pectin and assigned to flax pectic 
acid the formula (CeHio 05 * 4 C 6 H(jOg—HgO)/, 
galactose tetragalacduronic acid. This con¬ 
clusion was criticised by Norris (Biochem. J. 
1929, 23 , 195) who supported Nanji, Paton and 
Ling’s well-known galacto-arabino-tetragala<?tur- 
onic acid ring-formula for pectic acid on the 
grounds that the yield of furfuraldehyde from 
flax pectic acid was too high and the uronic 
acid content too low for agreement with the 
requirements of Hentlerson’s formula. It has 
since been pointed out, however, by Norris and 
Resell {ibid. 1935, 29 , 1590), that Nanji, Paton 
and Ling’s formula was based on an incorrect 
value for the yield of furfuraldehyde obtainable 
from uronic acids. In view of the incomplete¬ 
ness of our knowledge of the chemistry of the 
pectins, any attempt to assign a formula to flax 
pectin must, at present, be received with 
caution. Neither Henderson nor Norris con¬ 
firmed the presence of xylose or acetic acid 
among the hydrolysis products of flax pectin 
and it seems clear that the material investigated 
by Ehrlich was not identical with that examined 
by other workers. The xylose he obtained may 
have been derived from partially lignified tissue 
associated with pectins in the cell wall. 

The constituents of the cell wall of flax fibre 
have been investigated by Schmidt, Haag 
Abele and Sperling (Ber. 1925, 58 [Bj, 1394), 
who treated the fibre with ClOg and 
Na 2 S 03 and put forward the hypothesis that 
the incrustants are esters of a phenolic sub¬ 
stance and polysaccharides united by the car¬ 
boxyl group of galacturonic acid. A. E, Cash- 
more (J.C.S. 1927, 718) examined mechanically- 
separated fibre which had been washed free 
from extraneous matter, extracted with alcohol- 
benzene, freed from pectins with ammonium 
oxalate, and from free hemicelluloses with cold 
4% NaOH. The purified fibre had an a- 
ceUulose content of 82*8% and still contained 
15-16% of material soluble in 2% NaOH, 
most of which, since the middle lamellae con¬ 
stitute only a small percentage of the weight of 
the fibre, must be present in the cell walls. 
Hydrolysis with 1% H 2 SO 4 at 130-140°C. 
yielded a mixture of sugars among which 
glucose, galactose, xylose and fucose were 
identified. Treatment with water at 140- 
160®C. produced about 4% of hemicellulose, but 
there still remained in the fibre about 10 % 
of material soluble in boiling, dilute NaOH. 
Cashmore concluded that the non-cellulosic 
portion of flax fibre is composed of a hemi¬ 
cellulose, bound to the cellulose either by a 
glucosidic linkage or by means of the carboxyl 
of the ** xuronic anhydride group ” together with 
more firmly held material of unestablished con¬ 


stitution. Henderson (/.c.) isolated 2% of hemi¬ 
cellulose as a MgCa salt and about 6 % of a 
hexopentosan by boiling flax straw with water 
under pressure. 

Bibliography .—In addition to the references 
cited in the text the following authors may be 
consulted: F. Tobler, “ Her Flachs als Faser- 
nnd Olpflanze,” Berlin, 1928; W. Kind, P. 
Koenig, M. Muller, E. Schilling and O. Stein¬ 
brinck, “ Der Flachs, Abt. I, Botanik, Kultur, 
Aufl)ereitung, Bleicherei urid Wirtschaft des 
Flachses,” Berlin, 1930; G. O. Scarle, J. Text. 
Inst. 1936, 27 , P197; W. H. Gibson, J. Roy. 
Soe. Arts, 1933, 81 , 655. 

Hemp.—Common or true hemp. Cannabis 
saliva, may, like flax, be cultivated either for 
fibre or oilseed, v. Hempseed Oil. The plant is 
grown in Eastern countries as a source of 
narcotics, e.g. hashish, bhang. Confusion has, 
unfortunately, arisen from the use of the word 
hemp in the names of other distinct and com¬ 
pletely different fibres such as Sunn hemp 
{Crotalaria juncea), Manila hemp {Musa textilis) 
and New Zealand hemp (Phormium). True 
hemp is strong and durable and more closely 
resembles flax than any other fibre; indeed, 
hemp is often used as a substitute for coarse 
flax. For many centuries it was the chief rope¬ 
making fibre but has now to a great extent been 
displaced by Manila hemp for this purpose. In 
other fields the position of hemp has declined 
in favour of jute which, although weaker and less 
durable, is cheaper and more easily spun. 
Sunn hemp is also a serious competitor. Hemp 
is now employed mainly in the manufacture of 
strong twines and threads, net twines, carpet 
warp, canvas, saildoth and ropes of high 
quality. The tow is used for tarred oakum and 
for packing pumps, engines, etc. Hemp is also a 
useful paper-making material, reaching the mill 
in the form of rags, old ropes and cordage, etc. 
It is used in good quality wrappings and, by 
reason of the ease with which it fibrillates, it is 
specially suitable for thin papers, e.g. cigarette 
tissues and India printings. According to 
Dewey and Merrill (U.S. Dept. Agric. Bull. 404, 
1916), h^mp hurds, i.e. the fragments of woody 
stem separated from the bast in scutching, are 
suitable for the manufacture of printing papers 
when treated by the soda process. The Pomilio 
(chlorine-soda) process of pulping is claimed to 
give good results with hemp straw. 

The more important hemp-producing countries 
are Russia, Italy, Jugoslavia, Rumania, Poland, 
Hungary and China. The plant, which can be 
grown on low moorlands too infertile for most 
other crops, is a dioecious annual with a straight, 
undivided stem, from 5 to 10 ft. or more in 
height. The female plant matures later than 
the male, a fact which has proved a difficulty 
in the mechanisation of harvesting. The fibre 
is obtained from the straw by water retting or 
dew retting in a manner similar to that used in 
dealing with flax. After retting the fibre is 
dried and scutched. The separation of the fibre 
from the straw by mechanical means is being 
practised (green hemp); hemp lends itself to 
this process more readily than does flax. 
Cottonisation has now reached the stage of 
commercial production. C. Levi (18th Intar- 
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national Cotton Congress, 1938, 333) gives 
staple diagrams of cottonised hemp and dis¬ 
cusses the spiiming of the material. Cottonised 
hemp hflw proved very difficult to spin alone, 
but it can be mixed with cotton in proportions 
up to 60% to yield yams of satisfactory quality. 

Hemp ultimate fibres have an average length 
of about 22 mm. and closely resemble those of 
flax in their microscopic characteristics. The 
fibres obtained from the hurds have an average 
length of about 0*7 mm. compared with an 
average length of 0*2 mm. for the fibres of flax 
shive. The following analytical data are due 
to Schafer and Simmonds (Ind. Eng. Chem. 
1929, 21 , 1241); 
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Sunn Hemp.— (Jrotalaria juncea is a legumin¬ 
ous plant grown in many tropical countries as a 
cover crop or green manure, in India it is 
cultivated for its fibre, variously known as Sunn 
hemp, Sann hemp, Indian hemp, or Bombay 
hemp. 

Cultivation and Preparation of the Fibre. —The 
production of the fibre is a peasant industry and 
the methods employed differ somewhat in detail 
in different localities. 

The plant is grown in small patches from 
seed thickly sown so that the stems shall 
be tall and erect with the minimum of side 
branching. The crop is harvested after 4 or 5 
months either by pulling or by cutting the plants 
close to the ground. After lying for 2 or 3 days 
in order that they may shed their leaves, the 
stems are made up into bundles and retted for 
4-7 days. When fully retted they are pounded 
with stones and the fibre stripped by hand, 
washed and finally dried in the sun. The fibre 
produced by the small cultivators is collected at 
suitable centres and transported to' ports of 
shipment where it is graded and baled. 

Description. —The commercial product con¬ 
sists of soft, ribbon-like strands up to about 6 ft, 
in length and resembling true hemp in appear¬ 
ance. The fibre is liable to be contaminated 
with dirt and foreign matter—mainly owing to 
the crude methods of the native producer and 
the frequent absence of any but muddy water 
forgetting. 
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Sunn hemp is used as a substitute for true 
hemp in the manufacture of cordage, tarpaulins, 
canvas, sacking, etc. 

Bibliography. —Indian (Sunn or Sann) Hemp, 
Empire Marketing Board, Publication No. 26. 

Ramie, Rhea, China Grass v. China Grass. 
Bee also W. J. Marshall (J. Soc. Dyers and Col. 
1922, 28 , 293 ; 1924, 40 , 10 ; Staiidinger (Cellu- 
losechem. 1934, 15, 63); Sponsler and Dore, 
Fourth Colloid Symposium Monograph, 1926, 
174-202; J. Amer. Chem. Soc. 1928, 50 , 1940; 
Herzog and Jan(^ke, Naturwissenschaftcn, 1928, 
16, 618; Usaburo Yoshida and Chullchai Park, 
Mem. Coll. Sci. Kyoto Univ. 1934, A17, 443); 
Ehrlich and Haensel (Celluloscchem. 1936,16,97). 

Jute. —»Tute, the cheapest of the textile 
fibres, is obtained from the stems of two very 
similar species of Corchoriis, viz. C. capsularis 
and C. olitorius (Kara. TiliaeeaO* Practically the 
entire world crop is produced in India, mainly 
in Bengal where conditions are particularly 
suitable for its cultivation. Jute is utilised 
in greater quantities than any other vegetable 
fibre except cotton, it is used for the manu¬ 
facture of bale coverings, sacking, bagging, 
tarpaulins, carpets, rugs and matting; it forms 
the backing of linoleum and oilcloth ; and, in 
conjunction with other fibres, it enters into the 
composition of a variety of fabrics. Waste jute 
is used in the manufacture of brown wrapping 
papers. 

The production of jute is entirely a peasant 
industry. The plants, which are annuals, take 
3 to 4 months to mature. Their slender, 
cylindrical stems grow to a height of 5-13 ft. and 
a diameter of ^—1^ in. The crop is generally 
considered fit for cutting w'hen the flowers begin 
to fade and the seed pods to set. Earlier cutting 
is said to yield a weaker fibre and later cutting 
a coarser, inferior fibre. The fibre is obtained 
from the bast by retting, preferably in a stream, 
for a period which may vary from a few days to 
a month according to the temperature of the 
water and other factors. When retting has 
proceeded far enough, the ribbons containing 
the fibre are stripped from the stems by hand, 
beaten on the surface of the water, freed from 
adhering bark, wrung out, and hung on lines to 
dry in the sun. Finally the fibre is baled. 
More than half the annual crop is now con¬ 
sumed in Indian mills. 

Description and Properties. —.Jute is a soft, 
lustrous fibre varying in ciolour from pale yellow, 
or sometimes silvery grey, to brown. The 
strands are up to 8 ft. or more in length. Jute 
is much weaker than flax and hemp and is con¬ 
siderably less durable,- suffering a gradual 
deterioration with age, especially in the presence 
of moisture. Owing to its woody nature, it is 
necessary when spinning jute to submit the 
fibre to a preliminary process known as batching 
in which it is softened by treatment with water 
emulsions of mineral oil. Jute is readily dyed, 
usually in the yam or the piece. Acid, sub¬ 
stantive or basic dyes (which may be used 
without a mordant), and, less frequently, sul¬ 
phur dyes are all employed. ITnless a bright or 
clear colour is required, the fibre is dyed in its 
natural state, as it is difficult to bleach jute 
satisfactorily and the bleached material is liable 




164 FIBRES, V 

to discolour on exposure to sunlight. If bleach¬ 
ing is necessary it is effected either by sodium 
hypochlorite, or by permanganate followed by 
sodium sulphite, or by both processes succes¬ 
sively. Careful control is necessary as the fibre 
is very susceptible to attack during bleaching. 

The ultimate fibres of jute range from about 
0*75 to 4 mm. in length and from 10 to 30p, in 
width. Their lumens show considerable varia¬ 
tion in diameter and corresponding fluctuations 
occur in the thickness of the cell wall. In cross- 
section the ultimate fibre is a polygon—usually 
with 5 or 6 sides. An analysis by l.^hne and 
Schepmann (Z. angcw. Ohem. 1925, 38, 93) gives, 
for an average sample of clean jute, moisture 
11-42%, ash 0-73%, acpieous extract 3-84%, 
fats, waxes, etc. 1-03%, cellulose 69-63%, lignin 
18-83% and furfuraldehyde yield 11-38%. 
W. G. MacMillan and M. K. Sen (J. Text. Inst. 
1939, 30, T73) give figures ranging from 0-14 to 
0-55% for the natural wax (content of jute. A 
series of samples representing different quality 
jutes analysed by A. G. Norman (Biochem. J. 
1936, 30, 831), furnished the following results 
(dry fibre): cellulose 69-8-78-0%, lignin 10-4- 
13-9%, total furfuraldehyde 9-6-11-2%, xylan 
in cellulose 10-9-12-8%. The better grade 
samples tended to have a higher (cellulose content, 
but the diflference in composition of the samples 
was not very marked and was probably partly 
accounted for by differences in the cleanliness 
of the fibre. 

Jute is a highly ligriified fibre and was con¬ 
sidered by Cross and Bevan to be composed of 
lignocellulose—a compound cellulose. Subse¬ 
quent work, particularly X-ray investigations, 
has, however, led to the modification of the views 
of these pioneer workers, and their theory of 
chemical union between the cellulose and the 
lignin is no longer accepted. Lignin is now 
considered to be present as an amorphous, in- 
crusting material. A series of papers dealing 
with the chemistry of jute lignin has been 
published by P. B. Sarkar (J. Indian Chem. 
Soc. 1931-35). Sarkar has found jute lignin 
to resemble lignins from other sources and 
he puts forward the view that its constitu¬ 
tion is that of a fully saturated (compound with 
a molecular weight of 830 containing in the 
molecule 5 methoxyl groups in ether linkage, 6 
hydroxyl groups and one methylenedioxy 
group. 

Chowdhury and Saha {ibid. 1930, 7, 347), have 
examined the hemicellulose from jute. They 
isolated their material by extracting, with 17*5% 
sodium hydroxide solution, jute which had 
pfeviously been extracted with chloroform to 
remove resins, delignified with CIO 2 and succes¬ 
sively extracted with benzene, alcohol and boil¬ 
ing water. The yield amounted to 8 * 6 % of 
material which gave 28-1% of furfural on boiling 
with 12 % HCI. When jute-hemicellulose was 
hydrolysed with 2-5% H 2 SO 4 , galactose, 
laevulose, arabinose, xylose, and uronic acids 
were identified among the hydrolysis products. 

Bibliography. —E. Nonnenmacher, “Die Jute,” 
Berlin, 1930; 8 . G. Barker, J. Roy. Soc. Arts, 
1938, 86, 467, and J. Text. Inst. 1939, 80, 273; 
R. 8 . Finlow, ibid, 1939, 80, 352; H. L. Parsons, 
iUd. 1939, 80, 311. 


JiTTE SuBSTiTUTUBS. —A number of plants, 
particularly those belonging to Fam. Malvaceai 
and Tiliacetf!, yield bast fibres similar to jute 
and capable of being spun as a substitute for it 
or in admixture with it. The more important of 
these fibres are Ambari and China Jute. 

Bimlipatam Jute (Ambari, Mesta or 
Deccan Hemp), a fibre closely resembling true 
jute in character, obtained from the stems of 
Hibiscus cannabinus, a plant cultivated in parts 
of India. The fibre is separated by retting in a 
manner essentially the same as that employed 
for jute. The product is rather coarser than 
true jute but can be used for practically all the 
same purposes. Other varieties of Hibiscus, 
e..g. il. sahdoriffa (Roselle fibre), H. esculentus, 
and IJ. lurmriifolius, also yield useful fibres 
but are of mirior importance commercially. 

China Jute, Abutilon Avice.nnm. the Indian 
mallow, is cultivated in China and the fibre ex¬ 
ported under the name of “ CJiina jute.” 

Fibre from plants of the Sida spp. and of the 
IJrena spp. (especially Urena lobata) is also 
(capable of being used as a jute substitute. 

The extraction of fibre from Spartium. junceum 
(Spanish broom, “ Ginesta ”) has received 
attention in recent years in Italy. The fibre 
may be used for the manufacture of ropes, 
cords, yarns and (-oarse fabrics. In the cottonised 
state the fibre may be enployed in the manu¬ 
facture of finer fabries. Fibre was extracted 
from the common nettle in Germany during the 
war of 1914-18, and more recently experiments 
have been made with hop fibre. 

LEAF FIBRES. 

Manila Hemp (Abaca). —Manila hemp is the 
product of Musa fexlilis, a member of the banana 
family bearing inedible fruit. Production of the 
fibre is an almost complete monopoly of the 
Philippine Islands. A small quantity of Manila 
is now being exported from Sumatra and from 
British North Borneo. 

Cultivation and Extraction .—The plant re¬ 
quires a good soil, tropical temperature and a 
wet climate. The fibre occurs in the broad leaf 
stalks which grow wrapped round the slender 
central stem in overlapping layers to form a 
thick pseudo stem, up to 20 ft. in height when 
fully grown. Mature plants consist of clumps 
of 20 or more of these upright trunks in different 
stages of development. The trunks are cut as 
they mature, an area being cut over at intervals 
of about 6 months. The best fibre is obtained 
just before flowering, when the trunk is 2 or 3 
years old. 

Formerly, the crop was entirely in the hands 
of small-holders and the cultivation of the plant 
was carried on under traditional and unscientific 
lines. An increasing amount of fibre is now 
coming from scientifically-run plantations in the 
Davao region. The fibre is, for the most part, 
still obtained by arduous hand-scraping methods 
or by means of simple machines, but on a few 
large estates, decorticating machines such as are 
used for sisal are being employed. The yield of 
fibre amounts to li-“ 2 i% of the weight of the 
fresh stalks. The final product is graded accord¬ 
ing to official standards. 
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Description .—The Manila hemp of commerce 
is composed of strands up to 15 ft. in length and 
varying in colour from pale straw to brown. 
The strands are of more or less circular cross- 
section and are composed of ultimate fibres from 
3 to 12 mm. in length and lfi-32^ in width. 
The ultimate fibres are straight and stiff, have 
well-defined lumens and in appearance closely 
resemble those obtained from sisal. 

Manila (contains about 9% of lignin and 74- 
77% of cellulose on the moisture-free material ; 
analytical figures vary, however, with the grade 
of the fibre. The ash content affords a useful 
indication of the grade of the fibre, the figure 
showing a more or less progressive increase with 
the inferiority of the grade of the fibre (Bull. 
Imp. Inst. 1922, 20, 101). 

Little systematic research has been done on 
Manila hemp, Dantzer and Roerich (Bull, 
agence g<5in. colonies, 1933, 26, 281), have 
recorded determinations of certain of the 
mechanical properties of the fibre. The varia¬ 
bility of the tensile strength of the fibres, even 
when of the same origin in the pseudo stem, has 
been pointed out by M. Tirona (Philippine J. 
Sci. 1932, 48 , 243). Manila hemp is naturally 
slightly acid and the relation between the 
acidity of the fibre and its tensile strength has 
been investigated by P. L. and H. R. Sherman 
(Philippine J. Sci. 1928, 37, 21), who found a 
decrease in tensile strength with an increase in 
acidity. The acidity of Manila may lead to 
internal corrosion when it is used for the fibre 
of win* ropes. Methods of estimating the 
acidity of the fibre are given by J. R. O. Mayne, 
Safety in Mines Research Board, f^aper No. 97, 
and B.S.l. Specification No. 525, 1934, in 
which it is specified that the acidity of Manila 
hemp intended for fibre cores should be sucrh 
that not more than 2-0 ml. of A/IO KOH is 
required for the neutralisation of 10 g. of fibre 
when tested by the B.S.l. method. J. E. (). 
Mayne {l.c.) has identified the acids chiefly 
responsible for the acidity of Manila as acetic 
and formic acids, present in the quantities of 
0-047% formic acid and 0-147% acetic acid. 

Uses .—The main use of Manila hemp is for 
the manufacture of ships’ ropes and cables, an 
important field in which it holds an unrivalled 
position. The fibre is also used for the manu¬ 
facture of small ropes, cords, binder twine, etc., 
but it is losing ground in these markets in favour 
of sisal. The tow finds a limited application in 
upholstery. Waste fibre and old ropes are em¬ 
ployed for the manufacture of a long-fibred 
paper pulp from which is made the exceedingly 
strong Manila paper used for cement sacks, 
envelopes, etc. 

Bibliography .—“ Technologic der Textil- 
fasem,” V, ii. Hanf und Hartfasem (edited by 
R. 0. Herzog), Berlin, 1927; H. T. Edwards 
and M. M. Saleeby, Abaca (Manila Hemp), 
Farmers’ Bull. No. 12, Manila, 1910; E. 
Goulding, “ Cotton and Other Vegetable 
Fibres,” London, 1919. 

Phormlum Tenax (New Zealand 
“ Hemp.** —Phormium tenax. New Zealand 
“ hemp,” New Zealand “ flax,” is a member of 
the Liliacese, indigenous to New Zealand, which 
is the only important producing country. The 
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plant is cultivated to a lesser extent in St. 
Helena and the Argentine and can be grown for 
fibre in most temperate ('ountries, including 
the United Kingdom. 

Cultivation and ExtracMon .—Most of the fibre 
of commerce is obtained from wild Phormium 
growing in swamps. Cultivation in plantations, 
which gives a considerably higher yield and 
facilitates and cheapens the collection of the 
leaves, is being encouraged. Research on the 
breeding of improved strains is in j^rogress 
(Massey Ck)llege, New Zealand). 

The plant consists of groups of leaves arranged 
in the form of “ fans ” springing directly from 
rhizomes. Cutting of the leaves first occurs 
when the plant is 5-8 years old. At this age the 
leaves, which are broad, relatively thin and 
covered with a hard cuticle, are about 10 ft. 
in length. The leaf fans are cut off a few inches 
from the ground, leaving the central bud. A 
fresh crop of leaves is not ready for harvesting 
for another 3 or 4 years. The character and 
structure of the leaves makes efficient separation 
of the fibre in an unimpaired condition difficult 
to accomplish. Stripping machines are em¬ 
ployed, but those at present available are not 
considered to be entirely satisfactory. After 
stripping and washing, the fibre is “ pad- 
docked,” i.e. spread out in drjdng fields for 
several days to dry and, to some extent, to 
bleach. Finally, the fibre is scrutch(*d, baled 
and graded into one of eight Government grades. 
Wild Phormium gives a fibre yield amounting to 
10-14% of the weight of the leaves. 

Descript loti .—Phormium fibre (ionsiats of long 
strands which may be about 10 ft. in length and 
rather resemble Manila hemp in appearance but is 
how'cver, softer and w'eaker. The average length 
of the ultimate fibres is about fi mm., the mini¬ 
mum length 2 mm. and the maximum 11 mm. 

Uses .—The principal use of Phormium is for 
the manufacture of twines and cordage. It is 
particularly suitable for purposes demanding a 
softer fibre than sisal or manila. Coarse fabrics 
may also be manufactured from the fibre. The 
tow finds applications as a stuffing material for 
mattresses, as a binding material for certain 
plasters, etc. 

The suitability of Phormium for marine 
cordage has been investigated by the Imperial 
Institute and the Admiralty (Bull. Imp. Inst. 
1931, 29 , 1; 19.32, 30 , 119; 1933, 31 , 500). 
The durability of the fibre to exposure and to sea¬ 
water proved satisfactory, but the initial strength 
of Phormium yarns and ropes was liable to be 
too low to comply with Government specifi¬ 
cations. Further work by the Admiralty on 
tarred Phormium ropes manufactured according 
to soft fibre specifications gave promising results. 
Such ropes, when made from a suitable grade of 
Phormium, were considered to be as satisfactcJlry 
as similar cordage made from Italian hemp. 

Investigation of the paper-making properties 
of Phdrmium (M. B. Shaw, G. B. Bieking and 
M. J. O’Leary, Bur. Stand. J. Res. 1931, 6, 411) 
shows that up to 60% of a good quality pulp can 
be obtained from the fibre. Alkaline cooking 
of the leaves give a yield of pulp amount¬ 
ing to about 14% of the weight of the fresh 
leaves which contain approximately 70% of 
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moisture (New Zealand Dept. Sei. 1ml. Res., 
8th Annual Kept., 1934, 17). 

Bibliography. —E. H. Atkinson, Phormium 
Tenax, The New Zealand Fibre Industry, New 
Zealand J. Agric. 1921, 22, 81-86, 203-216,283- 
289, 347-356; 23, 103-107, 298-302; also 

available as New Zealand Dept, of Agric. Bull. 
No. 95 (New Series), 1922; E. Gouldiiig, 
“ Cotton and other Vegetable Fibres,” London, 
1919. 

Sisal and Henequen. —Sisal fibre is derived 
from the leaves of plants of the Agave family 
(Fam. Amaryllidacea*), in which it occurs either 
as serving a purely mt'chanical function or as¬ 
sociated with the vascular buTvdles. The fibre 
strands run longitudinally through the leaf and 
vary in length from a few inches to the full leaf 
length. A leaf of A . sisalana contains approxi¬ 
mately 1,000 fibre bundles. The morphology of I 
Agave fibres and their distribution in the leaf is 
described by F. J. Nutman (Empire J. Exp. 
Agric. 1937, 5, 75). 

The Agaves are indigenous to South and 
Central America but have been successfully 
introduced into most tropical countries. The 
(Iiief sources of commercial supply are Mexico, 
Tanganyika, Kenya and the Dutch East Indies. 

Mexican sisal or “ henequen ” is obtained 
mainly from Agave fourcroydeft, but other 
varieties of Agave occur in the Mexican planta¬ 
tions—a fact which is held partly to account 
for the variability of the Mexican fibre. East 
African and Dutch East Indian sisal are derived 
solely from the leaves of Agave sisalana. Blue 
sisal. Agave amaniensis, a new species dis¬ 
covered at the East African Agricultural Re¬ 
search Station, Amani, has, however, attracted 
attention by growing more quickly an<l yielding 
a longer and finer fibre than sisalana. Com¬ 
mercial production of this fibre in East Africa 
may be expected. 

CuUivaiion .—The Agaves are very hardy, 
little subject to disease, and capable of being 
grown on soils unsuitable for most other crops. 
In East Africa A. sisalana takes about 3 years 
to reach maturity by which time its thick, 
fleshy, tapering leaves have reached a length of 
3-6 ft. After a j>eriod of leaf production, 
which varies according to soil and (jliraatic con¬ 
ditions, the plant sends up a tall flowering stem 
or “ pole,” which blossoms and soon afterwards 
withers and dies. Viable seed is rarely pro¬ 
duced and propagation is entirely vegetative, 
being effected either by means of suckers or by 
“ bulbils,” small plants which are produced in 
large numbers in the axils of the bracts on the 
flower stems. 

As cultivated in East Africa and the Dutch 
East Indies, sisal is essentially a crop for very 
large, highly mechanised plantations. The 
leaves are first cut when the plant reaches 
maturity, i.e. when, in East Africa, it is 3 or 4 
years old, and subsequently biennially. During 
its lifetime a plant may be expected to produce 
250-300 leaves yielding 3-4% by weight of 
fi^bre. Cutting of the leaves is continuous 
throughout the year. , 

As they are cut, the leaves are transported on a 
light railway to a centrally situat^ factory 
where decorticating machines mechanically ex¬ 


tract the fibre from the pulpy leaf tissue. A 
current of water passing through the machine 
simultaneously washes the separated fibre and 
sweeps away as flume waste the leaf tissue and 
the fibre too short to be retained in the machine. 
Thorough washing is necessary in order to pre¬ 
serve the colour of the product. The hanks of 
fibre arc dried either by hanging in the sun or 
by means of an articial dryer, the latter method 
being usual in the Dutch East Indies for 
climatic reasons. The dried fibre passes to 
brushing machines in which adhering leaf tissue 
is removetl and the fibre combed, straightened 
and generally improved in appearance. Finally 
the sisal is baled under high pressure. 

The cultivation and extraction of henequen 
fibre follow similar lines to those described 
above. Less attention is paid to detail, however, 
and the fibre is, in general, rather more variable 
and inferior. The plant differs from sisal in 
having a considerably longer life but its annual 
leaf production is lower. For details of the 
Mexican industry reference should be made to 
H. T. Edwards (U.S. Dept. Agric. Bull. No. 1278, 
1924), and to V. A. Reko (Faserforschung, 1931, 
9, 118). 

The profitable utilisation of the various waste 
products of the sisal industry has been the sub¬ 
ject of several investigations. 

Decortication Waste .—Of every 100 tons of 
leaves conveyed to the factory about 3 tons is 
fibre and 97 tons is waste. This waste material 
is usually a source of embarrassment. On 
account of its high acidity and its sugar content, 
it cannot be returned direct to the land. Most 
frequently it is either dumped in a ravine or 
run into a stream which is thereby seriously 
polluted. On some estates it is burned in the 
fa(‘tory furnaces. The calorific value of the 
waste and various methods of burning it are 
noted by F. W. Frcisc (Tropenpflanzer, 1934, 
37, 419). On incineration it will give 11-13% 
of ash which may be used as a fertiliser. Com¬ 
posting experiments have also given promising 
results. S. C. Layzell (East African Agric. J. 
1937, 3, 26) describes a scheme whereby a grid at 
the end of the factory flume retains the solid 
matter, which is converted into humus by com¬ 
posting, whilst the liquid waste is led away and 
used for irrigating food crops. The decorticating 
machines fail to retain about 20% of the fibre 
in the leaf and recovery of this, mainly short, 
fibre, in the form of flume tow, may be practised. 
Flume tow recovery in conjunction with com¬ 
posting would have the advantage of removing 
from the material which goes to the composting 
beds that portion of it most resistant to decay. 

Paper-making trials on the dried waste (Bull. 
Imp. Inst. 1930, 28, 422) show that a good yield 
of strong, long-fibred pulp can be obtained from 
it by a mild soda digestion. Pre-treatment of 
the material to remove as much as possible of 
the non-fibrous tissue is necessary. Attention 
has also been directed to the possibility of pro¬ 
ducing alcohol, either from the sugars contained 
in the juice of the leaves, or by the hydrolysis 
and subsequent fermentation of the cellul^io 
constituents of the solids in the waste. The 
sugar content (l-4'76%) of East Ai^can sisal 
leaves is too low for commercial utilisation^ 
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Mexican henoquen, however, contains con¬ 
siderably more sugar, and sisal grown in other 
areas may have a higher sugar content than the 
East African plant. Large scale production of 
alcohol from sisal leaf juice has been attempted 
in the French Sudan. Experiments on the pro¬ 
duction of alcohol from the waste solids are 
reported in the D.S.l.R., Fourth Memorandum, 
Fuel for Motor Transport, “ Power Alcohol from 
Grasses, Straw and Waste Vegetable Materials,’* 
1927. It was established that alcohol could be 
produced without undue difficulty, but the 
prospects of economic success were not such as 
to warrant commercial development. 

Sisal Boles and Poles .—These materials have 
no commercial applications. Their suitability 
for paper-making has been investigated {ibid. 
1929, 21 y 3). The boles proved to be of little 
value, but the poles were found to give a pulp 
capable of commercial utilisation. The limited 
supply and the cost of collection have, however, 
“* precluded their use for this purpose. 

Sisal Tmv .—The tow produced in the brushing 
of the fibre is extensively used as a stuffing 
material for mattresses, etc., and to a less 
extent for spinning into yarn. 

Description and Properties .—Sisal consists of 
strands of clean, attractive-looking fibre, varying 
in colour from yellowish to almost pure white 
in the best grades, and possessing the (‘oarseness 
and stiffness associated with hard fibres. The 
strands are horse-shoe shaped in cross-section 
and are built up of ultimate fibres'of 2-5 mm. 
in length and 7-47/x in thickness. These ulti- 
mates are straight and stiff, possess pointed 
ends, exhibit a well-defined lumen, and in 
section are polygonal with a polygonal lumen. 

The strands of sisal fibre vary in length from 
those extending the full length of the leaf down 
to those of the minimum length which will pass 
the decorticator. Thus even the highest grades 
contain a considerable proportion of short fibre. 
F. J. Nutman (Empire J. Expt. Agric. 1937, 5 , 
75) found that, for the decorticated fibre, the 
length-distribution was governed by the formula 

log*=3012f-1012 

where L is the leaf length and x the percentage 
by weight of fibre below a length g. In grading 
the Nutman considered that the hank 

obtai ed from the individual leaf should be 
taken as the grading unit. Classification can be 
made by sorting the leaves either before, or 
during, their passage to the machine. The 
product will not, of course, be of uniform fibre- 
length but its length-composition will be known 
by calculation from the above equation. 

Analysis and Testing .—Sisal is a lignified fibre. 
An analysis of African sisal by Norman (Bio- 
chem. J. 1936, 80, 83) gives cellulose 74-95% 
(containing 18-66% xylan) and lignin 6-04% 
on the dry material. A series of analyses on 
samples from different countries of origin are 
recorded in the Imp. Inst. Bull. 1916, 18 , 20; 
1929, 27 , 441. The figures given for East 
African sisal are : moisture 7-^-10-2%; water 
washing loss 0-2-2-8%; a-hydrolysis loss 9-6- 
11*6%; jS-hydrolysis loss 11*2-14-4%; cellulose 
(Cross and Sevan) 76*3-81-4%; ash 0-5-1 *3%. 


As a means of assessing fibre-quality chemical 
analysis is not, however, very informative, there 
being but little variation in the figures obtained 
for normally prepared samples, and such differ¬ 
ences as are detectable being difficult of inter¬ 
pretation. Measurement of the mechanical 
properties offers a method of testing more 
directly related to the uses of the fibre. 
Thorough sampling is necessary for such tests 
and the position from which the test samples 
are selected needs standardisation as the fibre 
varies, not only from strand to strand, but also 
along the length of individual strands. The 
subject has been studied by Nutman (Empire J. 
Exp. Agric. 1937, 6, 93) who takes, as most suit¬ 
able for testing, that portion of the fibre between 
20 and 30 cm. from the butt end of the hank. 
Using special randomization and sampling 
technique Nutman found, for samples of com¬ 
mercial East African sisal, a tensile strength of 
I,100-2,(K)0 g. and a fineness (mg. per 10 cm. 
length of fibre) of 2‘8-4-7. The results were 
treated statist!(‘ally and between 600 and 1,000' 
tensile strength determinations were made on 
each sample. Temperature and humidity con¬ 
ditions were not stated. 

Uses .—The principal use of both sisal and 
henequen is in the manufacture of binder twine. 
The fibre is also made into ropes and twines 
and woven into coarse fabri(;s. Applications in 
other fields are extending with increase in 
knowledge of the properties and potentialities 
of the fibre. 

The possibility of using sisal for marine cordage 
has been investigated by the Imperial Institute 
and the Admiralty (Bull. Imp. Inst. 1927, 26, 
359 ; 1931, 29v 1; 1932, 30, 119; 1933, 81, 30; 
1935, 33, 4). liOng period exposure tests with 
1J in. and 3 in. ropes showed that the durability 
of sisal compared w ell with that of Manila hemp. 
It was further found that sisal can be tarred, 
whereas Manila does not absorb tar readily, 
and tarred sisal ropes were shown to be capable 
of replacing those of European tarred hemp. 
The behaviour of sisal ropes in actual service 
confirmed these conclusions and led to the 
partial adoption by the Admiralty of sisal for 
marine cordage. More recently the War Office 
has also authorised the use of sisal ropes for 
many purposes. 

Bibliography. —R. Toblcr, “ Sisal und andere 
Agavefasern,” Berlin, 1931; S. G. Barker, 
Sisal, E.M.B. Publication No. 64, 1933; Hemp 
Fibres, Imperial Economic Committee, 24th 
Rept., 1932, and papers cited above. 

Agave Cantala (Maguey). —This variety 
of agave, although relatively of much loss com¬ 
mercial importance than sisal and henequen, 
yields a valuable, strong and supple fibre. It is 
grown as a i)easant crop in the Philippines, 
where it is known as “ maguey ” fibre (v. H. T. 
Edwards, U.S. Dept. Agric. Farmers’ Bull. 
No. 13, 1906) and to some extent on estates in 
the Hutch East Indies. 

Cantala differs from sisal in that the fibre 
strands are finer and of round, rather than 
horse-shoe shaped, cross-section. The ultimate 
fibres, moi*eover, have thicJter cell walls and 
narrower lumens than sisal ultimates. 

For two samples of Java cantala, Nutman 
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(Empire J. Expt, Agric. 1937, 5 , 100) found an 
average tensile strength of 791 and 854 g. and 
an average fineness (in mg. per 10 cm. length) 
of 2*29 and 2-16 respectively. 

Mauritius Hemp. —Mauritius hemp is a leaf 
fibre derived from Furcraea gigaiitea (Fam. 
Amaryllidaceae), a plant which resembles the 
agaves in its growth and habits. The plant can 
be grown in most tropical countries but the 
fibre is produced in <!ornmercial quantity chiefly 
in Mauritius. The tonnage exported fluctuates, 
increasing with a rise in hard fibre prices, but is 
seldom very large. 

The fibre is obtaim^d both from wild and from 
plantation .grown plants. It is extracted from 
the leaves mechanically in small machines, 
steeped for 36-48 hours in water containing 
of soap, thoroughly washed, sun dried, brushed 
and baled. The yield amounts to a]>out 2% 
of the weight of the leaves. 

In general properties Mauritius hem]) re¬ 
sembles sisal but it is usually longer, finer, softer 
and weaker. Loc'ally it is manufactured into 
twine, coarse cloth and bags for the shipment 
of sugar. The exported fibre is used for cordage 
and for binder twine and sometimes for admix¬ 
ture with other hard fibres for rope manufacture. 

Piassava. —Piassava is a long, stiff, wiry 
fibre obtained from the leaf stalks of certain 
palms. Bahia piassava {Attalea fvnifera) and 
Para piassava {Leopoldinia piassava) exported 
from Brazil, West African piassava derived from 
Jiaj)hia spp., and Madagascar piassava from 
Dictyosperma jlhrosutn constitute the (hief com¬ 
mercial varieties. The fibre is obtained by a 
prolonged retting of the stalks, and the value of 
the product depends on such qualities as its stiff¬ 
ness and colour. Piassava is used for making 
brooms and brushes of various kinds and for the 
manufacture of baskets. 

Raffia.—Raffia (gardeners’ bass) is obtained 
chiefly from Madagascar and consists of thin, 
flat, fibrous strips derived from the surface layer 
of the leaflets of certain palms {Haphia spp.). 
The beat quality raffia is four or more feet in 
length and very pale in colour. It is used in 
horticulture, for hat-making, and in numerous 
handicrafts. 

Minor Leaf Fibres. —Among leaf fibres of 
minor commercial importance may be men¬ 
tioned: Mexican fibre {Agam heterarantha)^ a 
wiry fibre used as a substitute for animal 
bristles in the manufacture of cheap brushes; 
** bowstring hemps ” {Sansevieria spp.), used 
to a limited extent for cordage and upholstery; 
kitui {Caryota urens), employed in the manu¬ 
facture of brushes and, in upholstery, as a sub¬ 
stitute for horsehair; palmyra fibre 
flabellifer), also mainly used for brush-making; 
and crin vegetal, obtained from a palm, 
Chamaerops humilis, and used as a substitute for 
horsehair. 

Bromeliaceous fibres, e,g. pita {Brormlia 
magdalense), caroa {Neoglaziovia variegata) and 
pineapple fibre are a group of potentially valu¬ 
able fibres, the exploitation of which awaits the 
invention of a suitable decortication machine. 

Bibliography, —J. M. Matthews, “ The Textile 
Fibers,” New York, 1924 ; C. R. Bodge, ” Useful 
Fiber Plants of the World,” Washington, 1897. 


FIBRES FROM SEEDS AND FRUITS. 

Coir (Vol. Ill, 258a). 

Cotton (this Vol. 135), 

Kapok. —Kapok is a floss attached to the 
inner wall of the fruit capsule of Ceiha pentamlra 
{^Eriodendron anfractuosum), a tall, gaunt tree 
grown chiefly in Java and less extensively in the 
Philippines, India, Ceylon and Malaya. 

Cultivatio7i and Preparation. —The trees are 
seldom systematically cultivated and in Java 
they are mostly grown along the sides of roads 
and between fields. The trees come into bearing 
when they are 3 or 4 years old and continue to 
yield fibre for many years. The pods are either 
gathered from the tree as they ripen or are col¬ 
lected after they have fallen to the ground. 
Roughly 100 pods are required to produ(‘e 1 lb. 
of floss, and a mature tree may be expected to 
yield from about 350 to 600 pods annually. 
After the pods have been further rij)ened and 
dried by exp(»sure to the sun, the husks, etc., 
arc removed by hand, leaving the floss and the 
small, round, black seeds that are embedded in 
it. ISince these! small seeds arc not attached 
to the floss but men'ly distributed among it, 
their removal is easily effected, either by the 
use of small ” ginning ” machines or simply by 
' spreading the material on a table of wire netting 
and beating it with bamboo canes until the seeds 
fall through the meshes. 

Description and Properties. —Kapok is com¬ 
posed of fine, silky, highly lustrous, unicellular 
fibres varying from 10 to 40 mm. in length and 
20 to 30/x in diameter. The fibres, which taper 
to a point at their free end, are smooth-surfaced, 
circular in cross-section, possess a wide lumen 
and an extremely thin cell wall approximately 
1-1-5/x in thickness. 

Chemically, kapok differs from cotton, to 
which it is botanically related, in containing a 
much lower percentage of cellulose, 57-67% on 
the dry material, and a high percentage of 
pentosans. A number of samples examined by 
J. J. Hansma (Chem. Weekblad. 1936, 88, 620), 
gave values of from 23-5 to 29*0% for the pen¬ 
tosan content of genuine kapok. A pentosan 
figure falling within this range is not by itself a 
sufficient proof of the purity of a sample. The 
commonest adulterants of kapok are cotton 
waste, which has a very low pentosan content, 
and akund, which contains up to 35% or more, 
and it is evident that a sophisticated sample 
containing both these adulterants might give 
an apparently normal pentosan value. The 
adulteration of the material can, however, 
be detected by a buoyancy determination for 
which Hansma describes an apparatus. Pure 
kapok shows only a small diminution in buoy¬ 
ancy after 24 hours; spurious or adulterated 
samples are revealed by a low initial buoyancy 
and a marked drop in 24 hours. This test is also 
of value in distinguishing between new and 
second-hand kapok. According to Moskowitz, 
Landes and Himmelfarb (Amer. Dyestuff Rep. 
1936, 25, 220), unused kapok has an ammonia 
content of less than 0-030% and a urea content 
of less than 0-015%, and figures in excess of 
these quantities are definite evidence of the 
sample being second-hand. A microscopic 
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method of distinguishing between kapok and 
akund fibres is de8cril)ed by N. J. M. Vorstman 
(Chem. Weekblad, 1936, 746, noted in the 

Analyst, 1936, 62, 224). 

, Uses. —^Kapok, on account of its resilience, 
lightness and voluminous nature, is much used 
for stuffing cushions, pillows, mattresses, etc. 
Its buoyancy, which is many times that of cork, 
and its resistance to waterlogging render it 
specially suitable for use in the manufacture 
of life-befits and life-jackets. Kjipok is also 
used to some extent as a thermal insulating 
material. The fibres are structurally unsuitable 
for spinning. 

Kapok Seed Oil .—The seeds obtained on 
“ ginning ” kapok constitute a valuable by¬ 
product. They contain from 18 to 25% of a 
light yellow oil resembling cotton-seed oil in its 
composition and giving a positive Halphen 
reaction. The higher grades of the oil are used 
for edible purposes and the lower grades for 
soap making, etc. The constants for Java 
kapok seed oil, examined by Griffing and Als- 
berg (Ind. Eng. Chem. 1931, 23, 908), were as 
follows : specific gravity at 25'‘C. 0*9225; re¬ 
fractive index 1*4691/25'^; saponification value 
191*6; iodine no. (Hanus) 94*1; a(*id value 
9*65; saturated acids 17*15%; unsaturated 
acids 76*32%. According to Jameson ami 
McKinney (Oil and Soap, 1936, 13, 233) the oil 
expressecl from Java kapok seeds contains 
45*2% oleic, 32*9% linoleic, 10*2% palmitic, 
8*4% stearic, 1*2% arachidic and 0*04% ligno- 
ceric acids expressed as glycerides. Similar 
results were obtained by Crux and West 
(Philippine J. Sci. 1931, 46, for the com¬ 
position of Philippine kapok seed oil. 

Very little or no gossypol is present in the oil 
cake (Griffing and Alsberg) which contains from 
4 to 5% of nitrogen and is of use as a cattle 
feed. 

Bibliography. —D. H. Grist, Kapok, Malay. 
Agric. J. 1923, 11, 3-27; Kapok, Hull. Imp. 
Inst. 1926, 24, 18-36; M. M. Saleeby, The 
Kapok Industry, Philippine Bur. Agric., Bull. 
No. 26 (revised ed.), 1922. 

“ Akund. ’ ’—“ Akund ” is the name given to 
the floss surrounding the seeds of Calotropis spp. 
The floss, which resembles kapok in appearance, 
is exported from India to a limited extent. It 
is used in upholstery either alone or in admixture 
with cotton waste but, being inferior to kapok 
in resiliency, it is in less demand and realises a 
lower price. Its quality depends on its colour, 
cleanness and freedom from seeds and extraneous 
matter. 

Simul or “ Indian Kapok.” —Simul or 
“ Indian kapok,” also produced in India, is the 
floss of Bomhax malaharicum. As a stuffing 
material it is inferior to kapok. Its buoyancy 
has been shown to compare favourably with that 
of Java kapok (Bull. Imp. Inst. 1919, 17, 14). 
Indian kapok is, however, liable to be <!on- 
taminated with akund floss which easily becomes 
waterlogged. 

A description of the microscopic character¬ 
istics of a large number of different flosses is 
given by H. Neubert (Faserforschung, 1933, 4, 
227). 

E. L. H 


FI BRIN V. Blood (Vol. II, 22c, 24a), 

FIBRINOGEN t;. Blood (Vol. II, 22c). 

FIBROLITE. A synonym for sillimanite 
the aluminium silicate At2Si05 or Ai203*Si02, 
which is the only known anhydrous natural 
compound of silica and alumina. 

** FIbROLYSIN.** A solution of thiosinamine 
and sodium salicylate (Merck, Darnstadt; 
Napp, London). 

FICHTELITE. A hydrocarbon, found as 
white or yellowish platy crystals and crystalline 
crusts in the crevic^os of lignified pine wood in 
peat-bogs (Bromeis, Ann. Pharm. 1841, 37, 
304). The monoelinic crystals, both natural 
crystals and those obtained by recrystallising 
the material from alcohol or benzene, are 
interesting on account of their hemimorphic 
development, there being, as in crystals of cane- 
sugar and tartari(^ acid, no plane of symmetry. 
Localities where fichtelite has been found are 
Redwitz and several other places in the Fichtel 
Mountains in northern Bavaria, Kolbermoor 
near Rosenheim in southern Bavaria, Borkovic 
and other places in Bohemia, Handforth in 
Cheshire, Shielding in Ross-shire, etc. For a 
review of the literature, see A. Schmidt, Centr. 
Min. 1901, 519; F. Plzak and V. Rosicky, 
Z. Kryst. Min. 1908, 44, 332; A. Rosati, ibid. 
1912, '50, 126. 

L. J. 8. 

FICHTELITE, Cj^Hg^ (Ruzicka); CigHga 
(Bamberger), m.p. 46’; b.p. 355’2"/7]9 mm.; 
v.d. 8*66, calc. 8*58 (Bamberger and Strasser, 
Ber. 1889, 22 , 3361), faj^ +1!W) in CHCI 3 
(Walden, Chem.-Ztg. 1906, 30, 393), sparingly 
soluble in cold al(;ohol, readily in boiling light 
petroleum which is used to extract fichtelite 
from decayed wood. It is a stable compound, 
and may be distilled unchanged over red-hot PbO 
(Bamberger, Ber. 1889, 22, 635), it is sc^arcely 
affected by boiling with sulphuric acid and 
bichromate or with 10% KMnO^ solution; 
cold fuming nitric or sulphuric acid are without 
action, it is however oxidised to acid products 
by CrOg in acetic (Hell, ibid. 498). Equal 
molecules of fichtelite and iodine at 150-200° 
yield dehydrofichtolite (CjgHgg according to 
Bamberger and Strasser, /.c.), a blue-violet 
fluorescent liquid, b.p .224-225°/38 mm. Bam¬ 
berger assumed that fichtelite was completely 
hydrogenated retene, but the relationship of 
fichtelite (I), retene (II) and abietic acid (HI) 
was first discovered by Ruzicka. Fichtelite 
heated with 7 atoms of sulphur to 180-250° 
for 20 hours yielded only 13% retene (R. et al.^ 
Helv. Chim. Acta, 1923, 6, 692). Later Ruzicka 
and Waldmann {ibid. 1933, 16, 842) heated 
abietic acid with palladium-charcoal to 300- 
330° and obtained retene in 90% crude yield : 

^20^30^2 CigHjg+CH4-4-C02+4H2 
The formation of methane indicating the loss 
of one CHg group is significant, for the authors 
{ibid. 1935, 18, 611) found that fichtelite heated 
with the same reagent to 330-370° also lost one 
CHg group as CH 4 , as well as 6 mol. Hg, and 
yielded retene in 85% crude yield. They argue 
that fichtelite must now be written C19H34 
and that the equation is 

C 19 H 34 -v CjgHig-f CH 4 -f GHg, 
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for if firhtelite were perhydroretene the decom¬ 
position would have proceeded thus : 

(fichtelite) CigHig-f THa- 
They conclude that fichtelite has almost cer¬ 
tainly the formula and the structure of 

a dimethyhaopropylperhydrophenanthrone in 
which the only uncertainty is the position of the 
Me group split off on dehydrogenation. Crow¬ 
foot’s (J.C.S. 1938, 1241) molecular weight deter¬ 
mination of fichtelite by X-ray analysis and 
density determination supports the formula 
C 19 H 34 , although other observations in the same 
paper do not discriminate between the two 
formula?. 


Me 




FICOCERYLIC ACID, the name given 
to the acid obtained on saponifying the wax 
(Gondang wax) from the leaves of the wild 
fig-tree by Greshoff and Sack (Rec. trav. 
Chim. 1901, [iij, 20 , 68 ) was shown to 

be impure palmitic acid by Ultee (Pharm. 
Weekblad. 1915, 52, 1097. 

“ FICUS IN ” V. Fig. 

FIG. Ficus cnrica L. Fig trees grow wild 
in Mediterranean districts and the fruit is an 
important article of diet. The fig is cultivated 
in India, China and California. Many varieties 
differing in colour and size of fruit are known. 
The fruit is eaten fresh, dried or preserved. 
The pulp forms 50% of the weight of the whole 
fruit and contains large numbers of small hard 
seeds constituting up to 10 % of the weight of 
the fruit. C’ertain varieties produce sterile 
flowers but develop well-formed seedless 
fruit. 

Typical analyses given in percentages are : 



I 

II. 

HI 

IV. 

Whole 

fruit. 

Edible 

por¬ 

tion 

Dried 

Pulp 

and 

seeds. 

Skin 

Whole 

dried. 

Pulp. 

-Seeds. 

Whole. 

Peeled 

Total solids . 

20* 1 

150 

81*2 

200 

14*0 

43*0 

10*7 

94*0 

14*3 

14*6 

Protein .... 

1*34 

1-40 

4*3 

0*7 

— 

4*1 

0*5 

— 

0*7 

0*6 

Fat. 

— 

0-3 

0*3 

0*3 

0*1 

2*2 

— 

5*8 

0*2 

0*3 

N-free extract 

- 

11*64 

74*21 

17*0 

8*14 

26*2 

— 

28*1 

12*1 

12*5 

Acid (as citric) . 

0*17 

0*21 

0*57 

— 

— 

— 

0*2.3® 

— 

0*15 

0*17 

Sugar . 

15*5 

10*8 

— 

16*2 

5*4 

26*1 

9*0 

— 

— 

— 

Fibre . 

— 

1*17 

— 

13 

5*8 

8*0 1 

— 

56*6 

0*9 

0*9 

Ash. 

0*58 

0*49 

2*4 

0*7 

— 

2*5 

0*41 

1*71 

0*4 

0*3 


^ Includes fibre. 2 ag malic. 

I. American types (Colby, Rep. Agric. Exp Sta. California, 1892-4). 
II Italian grown (Paladmo, Biochom. Z. 1910, 24, 263). 

III. Egyptian varieties, Azadian (Ann. Falsif. 1927, 20, 464). 

IV. Miller (Hawaii Agric. Exp. Sta. Bull. 1937, No. 77, 90) 


According to Traube and Fraps (Proc, Amer. 
Soc. Hort. Sci. 1928, 306) magnolia figs contain 
total solids 16-8, protein 0*7, sugar 11*8, fibre 
1*0 and ash 0-4%. When dried and sulphured 
this variety is reported as containing 58% 
sugars (as invert), 0*9% of citric acid and 110 
p.p.m. of SOg (Read, Texas Agric. Exp. Sta. 
47th Ann. Kept. 1934, 15^). 

Fig syrups are prepared by extraction with 
water and concentration of the extract in vetevo 
until the sugar content reaches approximately 
63%. In Algeria the extracts are allowed to 
ferment and the resulting wine is used to adul¬ 
terate grape wines. Fig wine contains mannitol 


( 6-8 g. per litre), the determination of which 
affords evidence of adulteration. On evapora¬ 
tion of fig wine the mannitol separates together 
with small amounts of sugar and organic acids. 

The principal acids of the fig are citric and 
acetic. Hotter (Z. Nahrungsm.-Unters. Hyg. 
1895, 9, 1) records 0 0015% of boric acid in the 
fruit and Arbenz (Mitt. Lebensm. Hyg. 1917, 
8 , 98) finds 0*12% of oxalic acid in dri^ figs. 

The dried seeds of fig contain up to 30% of 
oil which shows the following characteristics: 

1*4775, iodine value 109*4, thiocyanate 
value 108*4, saponification value 190*1, acid 
value 0*87, acetyl value 6*1 (Jamieson and 






FILAMENTS. TUNGSTEN. 


171 


McKinney, Oil and Soap, 1936,12,88). Azadian 
(Ic.) gives rather different data for Egyptian 
seed oil, viz. 0-9253-0-9493, 1-4670- 

1-4726, iodine value 102-8-117-4, saponifi¬ 
cation value 193-206. Jameson and McKinney 
record the oil to contain 1-07% of unsaponifiable 
matter, and of the total fatty acids 85% are 
unsaturated. The percentage of fatty acids in 


glycerides is given as : 

Oleic.19-8 

Linoleic.36-1 

Linolenic.34-2 

Palmitic.5-6 

Stearic.2-3 

Arachidic.1-1 

Win ton quotes the mineral matter of the fig 
(as percentage of the fresh fruit) to be 

KgO. NaaO. CaO. MgO. FeaCg. 

0-64 0-01 008 0-05 0-01 

MoaOj. PaOg. SO3. SlOg. Cl. 

0-002 0-10 0-04 ()-()4 0-02 

Dried figs also contain Fe 30-40, Cu 3-5 and 
Zn 1-2-3-6 mg. per kg. 


From fig leaves K. Okahara et al. (Bull. Ohem. 
Soc. Japan, 1936, 11, 389; Ber. 1937, 70 [B], 
73) isolated “ ficusin,” psoralene C^HgOj, 
and also bergapten (q.v.). 

Branches of trees of the genus Ficus (notably 
F. elustica) on tapping yield a milky juice con¬ 
taining a considerable proportion of rubber. 

A. G. Po. 

FIG WAX. Cera ficu, Oondang^ Kondang^ 
Getahf Java or Sumatra wax, A wax (lonsisting 
largely of esters of lupeol and )3-arayrin (Ultree, 
Pharm. Weekblad. 1915, 52, 1097); obtained 
from the leaves of Ficus ceriflua Jungh., in the 
form of hard brown cakes, m.p. c. 60"^, d*® 1015 
(Greshoff and Sack, Rec. trav. chim. 1901, [iij 
20 , 65). 

FILAMENTS, TUNGSTEN. Intro¬ 
duction. —No account of the manufacture of 
lamp filaments can be clearly understood unless 
it is seen against the background of the funda¬ 
mentals governing the design of the lamp. 
These latter eventually dictated the present 
choice of tungsten as a material, and its use in 
the form of a helix running in an inert atmosphere 
and later as a double helix or coiled coil. 

The advantages of tungsten as a material arise 
from considerations of the behaviour of tem¬ 
perature emitters, which may be summarised 
as follows: 

When a solid body is heated, it radiates energy 
over a continuous band of wave-lengths, and as 
the temperature rises the proportion of energy 
in the shorter wave-lengths increases. The only 
part of the energy which is of use to the eye lies 
between, roughly, 4,000 (violet) and 7,000 (red) a. 
The proportion of the energy radiated at any 
temperature in any particular part of the 
spectrum is determined by the nature of the 
body and its temperature. The toUd radiation, I 
at a given temperature, is highest for a “ black I 
body,"* to whicn carbon is the nearest approach, 
but certain substances may give in one part of 
the spectrum a higher radiation than a black 
body at the same temperature. 


The first desiderata in selecting a material for 
lamp filaments are therefore that it shall be 
capable of withstanding as high a temperature as 
possible, and that it shall have good emitting 
properties in the visible part of the spectrum. 
Tungsten is well suited to the purpose par¬ 
ticularly because of its very high melting point. 

The following figures illustrate the importance 
of temperature. If power could be completely 
transformed into light corresponding with 
average sunlight, the efficiency would be 200 
lumens per watt, or if it were all radiated at 
5,550a (the greenish-yellow part of the spectrum 
to which the eye is most sensitive) the theoretical 
efficiency would be 670 lumens per watt.^ 

Tungsten at its m.p. (3,655°K.) has a theo¬ 
retical efficiency of 53 lumens per watt, and 
under practical conditions the highest efficiencies 
attained are of the order of 20 lumens per watt. 
Carbon, having a higher m.p. (3,765°K.), would 
appear to have advantages, but its rate of 
evaporation at high temperatures is greater than 
that of tungsten, and in practice it cannot be 
used except at greatly below the same efficiency. 

The only other materials which have been 
seriously considered as rivals to tungsten are 
certain carbides, but there are so far no signs 
that they are likely to be of practical use, owing 
to their dissociation at high temperatures. 

Evolution of the Filament Lamp. —The 
first electric filament lamp was made by Davy 
in 1802, and his filament w as a strip of platinum 
(m.p. 2,045“K.) heated by means of a battery. 
A number of improvements of experimental 
interest followed, but it was not until 1879 that 
the work of Swan and Edison led to the intro¬ 
duction of a practical lamp, in which a carbon 
filament w as used. The earlier carbon filaments 
were made by carbonising strips of bamboo, 
paper and similar materials; later, methods 
depending on the extrusion of cellulose gels were 
developed, some of which are in use at the pre¬ 
sent day. The carbon lamp remained without a 
rival until 1902, when the metal filaments were 
introduced. The first of these was osmium 
(m.p. 2,976°K.), followed in 1905 by tantalum. 
The tungsten lamp reached the commercial 
stage in 1906. All of these metal filaments were 
made by the squirting process; the metal, in 
the form of a fine powder, was mixed with a 
carbonaceous binder such as nitrocellulose, 
starch, dextrin or tragacanth to form a paste 
which was squirted into threads through sap¬ 
phire or diamond dies. The organic matter was 
subsequently burnt off in a diluted hydrogen 
atmosphere, leaving a coherent thread of sintered 
metal. 

Drawn Tungsten Wire. —The next big 
advance was the production of drawn tungsten 
wire by Coolidge, in 1909, B.P. 23499/09, and this 
introduced a completely new technique in 
metallurgy. Mainly because of the high melting 
point of tungsten, it was not practicable to 
produce a wire by the usual processes starting 

^ Lamp efficiencies are nowadays alw-ayfi given in 
lumens per watt. The “lumen” is the light radiated 
through unit solid angle by a uniform spherical source 
of 1 candle; for practical purposes, a lumen may he 

thought of as of the total integrated light ftom a 

source which averages 1 candle in every direction. 
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with a oast ingot. CJoolidge therefore pressed 
tungsten powder into a eohcTent bar which 
could be first hardened by moderate heating, 
and then sintered at a high temperature to a 
compact crystalline bar which was first worked 
by hot hammtaing (or swaging) and then at a 
later stage drawn through dies into a flexible 
wire. This is in essence the process used at the 
present day, and it will be described later in 
detail. The next step in the evolution of the 
filament is bound up with the invention of the 
gas-filled lamp. This latter demands detailed 
treatment, since the whole course of tungsten 
filament metallurgy has been determined by its 
requirements, but it is first of all necessary to 
consider in some detail the basis of filament lamp 
design. 

Frinciplks of Filament Lamp Deskjn.— 
As stated alrea<ly, the efficiency (in lumens per 
watt) of a lamp depends, other things being 
equal, on the operating temperature of its fila¬ 
ment. The lamp fails because of evaporation 
of the filament. It is wdl known that in a 
vacuum lamp manufactured according to the 
best technique 10% (by weight) of the filament 
is lost during the normal life of the lamp. 
Failure is due to the differential rate of evapora¬ 
tion at different crystal faces. Failure ulti¬ 
mately occurs at some spot which is statisti(*ally 
ill-favoured by the coincidence of particular 
types of crystal boundaries. (It is an interesting 
fact that all filaments late in life are angular in 
section, due to the formation of (Tystal faces.) 
Alternatively, the lamp may be regarded as fail¬ 
ing when so much tungsten has been deposited 
by evaporation on to the bulb that the blacken¬ 
ing causes the efficiency to drop below" some 
agreed fraction of its initial efficiency. It is 
therefore necessary to choose a temyierature or 
efficiency which, within these limitations, w"ill 
give a certain arbitrary life ; this varies accord¬ 
ing to the type of lamp, and for ordinary lamps 
such as are used in lighting streets and buildings, 
the life aimed at is a minimum of 1,0(K) hours 
average determined on samples. 'To ensure this, 
lamp makers design for a life 20-25% longer, so 
as to have a factor of safety to cover errors in 
sampling. 

In the case of certain special lamps sucL as 
those used for projection, intrinsic brightness 
of the light source may be of more importance 
than length of life. In such cases shoi^r lives 
are permissible. For example a Class A1 pro¬ 
jector lamp having an intrinsic brightness of 
2,000 candles per sq. cm. has a life of only 100 
hours. 

The operating temperature having been deter¬ 
mined on this basis, the total surface necessary 
to give the required light output can be found. 
The resistance of the filament must then be 
chosen so that the latter shall, at the voltage on 
which the lamp runs, absorb the necessary 
energy to raise it to the requisite temperature. 
Finally, the resistance and surface determine the 
length and diameter of the wire. In the earlier 
tungsten lamps, as in the other metal filament 
lamps which preceded them, the necessary 
length was accommodated by arranging the 
wire in the form of a vertical squirrel cage, and 
the filament was run in a highly evacuated bulb. 


Its working temperature was about 2,320®K., 

. which is very much below the melting-point of 
tungsten, and the obvious step for improvement 
which suggested itself was to replace the vacuum 
by an inert gas such as nitrogen which, by sup- 
pre.s.sing evaporation, would allow the working 
temperature, and therefore the efficiency, to be 
raised. Early attempts to do this failed because 
the heat lost by conduction and convection in 
the gas more than outweighed any gain which 
could be obtained from the higher temperature 
at which the filament could be run. The 
problem was eventually solved by Langmuir 
(Proc. Amer. Inst. Elec. Eng. 1913, 82, 1915) 
on the following lines. The energy radiated 
from the surface of a filament is proportional to 
the area of its surface; the heat carried away 
by convection is also proportional to the area 
of the surface with which the gas comes in 
contact. Langmuir showed that the effective 
area in the second case is not that of the filament 
itself, but of a relatively stationary layer of gas 
surrounding the filament. The thickness of this 
layi^r (frequently referred to as the “ Langmuir 
layer ”) is almost independent of the diameter 
of the filament and is determined only by the 
properties of the gas. With tliin filaments (such 
as those used for ordinary high voltage lamps) 
the thickness of the gas layer is greater than the 
diameter of the filament, so that unless a very 
thick filament can be used, the convection losses 
become great compared with the radiation. In 
view of the considerations which determine the 
diameter of the filament this discovery would 
by itself have been of little use, but Langmuir 
made a complete investigation of the behaviour 
of gas streams past heated filaments, out of 
which arose the fact that a coiled filament of fine 
wire would behave like a (orresponding thick 
filament. The result of this work was the gas- 
filled lamp, in which the filament is a closely 
coiled helix running in an inert gas. Nitrogen 
was used in the earlier types, but owing to its 
lower heat conductivity, argon (containing a 
little nitrogen) was later substituted for nitro¬ 
gen, and is now in general use. Krypton, which 
has a still lower heat conductivity, is better than 
argon, but its adoption has been limited by its 
high cost. 

The convection losses can be cut down still 
further and the efficiency correspondingly 
raised, by increasing the size of the spiral. The 
limits to this are sot by metallurgical considera¬ 
tions; a helix having a diameter more than 5 
or 6 times the diameter of the wire would not be 
rigid enough to keep its shape at its running 
temperature. The effective diameter can how¬ 
ever be increased by coiling the helix on itself. 
For ordinary size high-voltage lamps the gains 
range from 20% for a HV 40-W. lamp down to 
]2i% for a HV 100-W. lamp. 

The change from the straight filament to the 
spiral form had marked consequences on the 
technique of tungsten filament manufacture, 
and these will be treated in a later section. 

MANtTFACTCEE OF THE FILAMENT, (u) Jpfe- 

parcUion of Tungsten Oxide .—The successful 
manufacture of tungsten filaments depends 
entirely on the possibBity of producing a metal 
of a very high order of purity; and although, as 
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will be seen later, the presence of small amounts 
of materials other than tungsten is necessary at 
certain stages, it is essential that their nature 
and quantity shall be under the most rigid 
control. 

There are many different ways of preparing 
tungsten oxide of the necessary degree of purity; 
the various countries and factories have their 
own preferences. It is not possible here to 
describe in full more than one typical process, 
with an indication as to the most important type 
of variation ; to follow the variations in close 
detail it is necessary to study the extensive 
patent literature. 

The source of the tungsten used in 
filament manufacture is either wolframite or 
Hcheelite; in European countries the latter is 
favoured, while wolframite is largely used in the 
United States. Provided the appropriate purifi¬ 
cation methods are followed, both are equally 
satisfactory. Wolframite (FeMn)W 04 is usually 
decomposed by heating with strong caustic soda 
or potash in steel tanks (Smithells, “ Tungsten,” 
London, 193(5, p. 11); typical proportions are 
1,400 kg. ore, 750 kg. caustic soda and 1,800 
litres water; the mixture is stirred and boiled 
for several hours. It is then diluted to about 
twice its volume and filtered, the tungstic acid 
is recovered preferably by precipitation with 
ex(;ess of calcium chloride solution to form cal¬ 
cium tungstate. The tungstic* acid is recovered 
by running the tungstate sludge into boiling 
hydrochloric acid (equal parts commenaal acid 
and water). Subsequent purification of the 
crude tungstic acid is on the lines given below 
for the scheelite proc'ess. 

When scheelite (CaW 04 ) is used as raw 
material, it is deciomposed by heating with 
strong commercial hydrochloric acid; the 
tungstic acid is left as a yellow sludge, 

CaW044 2HCU CaCl5j+H2W04. 

For the purpose of illustration, the prepara¬ 
tion of the oxide from scheelite will be described 
in detail {see also Table 1). Commercial hydro- 

A. Scheelite. 

Decompose with HCI. 

B. Crude HaW 04 (paste). 

Extract with ammonia and evaporate solution. 

C. Ammonium paratungstatc crystals dec^ompoHcd by 

HCI. 

D. Partly purified HgWO^ (paste) dissolved in KOH. 

E. Potassium tungstate solution decomposed by HCI. 

I 

F. Pure H 2 WO 4 (paste), washed clean and centrifuged. 

Dope added (c.f/. alkaline silicate). 

G. H 2 WO 4 (paste) dried, groun and dsifted. The 

resulting WOg is ready for reduction. 

Note .—Remaining WOain mother liquor precipitated 
as CaW 04 by addition of CaCtg and returned to A. 

Table 1 . 

chloric acid is heated to 70°C. in a steam-jacketed 
an of any suitably resistant material, e.g. rubber- 
ned steel, and scheelite, ground to 120 mesh, 
is added slowly by hand in the proportion of 5 
kilos scheelite to each 6 litres of acid. After 


all the ore has been added, the temperature is 
maintained at 70°C., for a total time of 8 hours. 
The sludge of tungstic acid is allowed to settle, 
and is then washed four times by decantation 
with boiling water, and finally once wdth cold 
water. The excess of water is drawm off, and 
the tungstic acid passes as a sludge or paste to 
the purification process (Table 1, B to Cl). The 
product from 1.50 kilos scheelite is dissolved in 
95 litres ammonia, somewhat diluted with water. 
When solution is complete, water is added to 
bring the sp.gr. to 112 , and the licpiid is allowed 
to stand until the sediment (mainly lime and 
silica) has settled out. The clear liquor is run 
off into steam-jacketed enamelled iron crystal¬ 
lising pans, and evaporated down to about one- 
third of its bulk; the crystals which have the 
composition 5(N 114 ) 20 , I 2 WO 3 , SHgO are re¬ 
moved from time to time to a vacuum filter, 
washed with distilled water and dric^l at 8 ()°C. 

(Fiff. LH). 

The mother liquor is treated with sufficient 
calcium chloride to precipitate all the remaining 
tungsten as calcium tungstate, and this is subse¬ 
quently retreated as described for scheelite. 
The crystals from several batches are bulked 
tcjgether for the next stage (Fig. 1, (^). Pure 
hydrochloric acid, diiutecl with times its 
volume of water is heated in a steam-jacketed 
pan, and the crystals added slowly by hand, in 
the ratio 2 kilos crystals to 1 litre strong acid. 
The mixture is kept boiling for 1 ^ hours, with 
constant stirring, and is then allowed to settle; 
the tungstic acid sludge is well washed with 
boiling water and after a final settling it is dis- 
solvecl in caustic potash sohition which is added 
slowly, wdth constant stirring. Approximately 
1 kilo of potash is required for each 2 kilos of 
ammonium tungstate crystals originally used, 
and this is dissolved beforehand in about its own 
weight of water. The potassium tungstate is 
siphoned off into an iron tank, diluted to a 
sp.gr. of 1-12 and allowed to settle. 

Final Decomposition .—The potassium tung¬ 
state solution is run into a large excess of boiling 
pure hydrochloric acid diluted to a 8 p.gr. of 
1-12 ; about 2 ^ times as much hydrochloric acid 
is allowed as was used in the decomposition of 
the crystals. 

The sludge of pure tungstic acid is transferred 
to a rubber-lined vat; the acid is siphoned off 
and the sludge washed 4 times with distilled 
water. This operation takes several days for a 
large batch (equivalent to perhaps 70 or 80 
kilos dry WO 3 ), and at the end of it the slurry 
is centrifuged in a rubber-lined hydro-extractor 
down to an H 2 WO 4 content of 55-60%. 

Before centrifuging, it is usual to examine the 
sludge for such impurities as alkalis. This is 
done by volatilising the WO 3 in chlorine, the 
impurities remaining behind. 

The paste from the hydro-extractor is made 
into a slurry with distilletl water, and appro¬ 
priate additives {see later) are introduced. 
Typical ones are mixed alkali silicates, equi¬ 
valent to 0-4% SiO 2 , 0 - 3 % KCIandO-2% NaCI. 
The slurry is dried in glass-lined evaporating 
pans, and then ignited in silica trays in a muffi© 
to 300°C. It is finally ground in an edge-runner 
mill and sifted through fine bolting silk. 
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An alternative process sometimes used is indi¬ 
cated diagraramatically in Table 2. In this, the 

Solution as at B in Table 1 . 

Add magnesium chloride and filter. 

■I 

Add ammonium sulphide and filter. 

'I' 

Add CaClg sufficient to convert all the WO3 to CaW04. 

' 1 ' 

Decompose CzV^O^ as at A in Table 1 . 

H2WO4 paste extracted with ammonia and the solution 
evaporated down to crystals. 

'I' 

Crystals decomposed by heat to oxide, WOg, v ideh is 
doped, and then dried, ground, sifted and 1 educed 
to metal. 

Table 2 . 

purification is effected by treatment of the 
ammonium tungstate solution with such re¬ 
agents as magnesium chloride (to remove arsenic) 
and ammonium sulphide (to remove iron). The 
tungsten is then precipitated as calcium tung¬ 
state by the addition of calcium chloride; and 
the tungstate converted (by acid decomposition 
and ammonia treatment) back into pure am¬ 
monium tungstate which is dried and ignited to 
WO3. 

It will be seen that the greatest precautions 
are necessaiy to obtain an oxide of the necessary 
degree of purity; above all, it is desirable to 
remove compounds of titanium and iron. For 
this purpose, it is particularly important that 
the precipitation from the potash solution shall 
be done by pouring the alkaline tungstate solu¬ 
tion into the acid in a fine stream, and not vice 
verm. In this way the risk of occlusion of 
soluble impurities is greatly diminished. The 
temperatures and concentration of the solutions 
are also important, as they influence the grain 
size of the oxide and subsequently the grain size 
of the reduced powder. The latter largely 
decides the suitability of the finished metal for 
use in lamps, and while the control is mainly 
exercised in the next process (reduction), it is 
necessary to maintain rigid standardisation of 
whatever processes are used for the preparation 
of the oxide so as to eliminate as far as possible 
at least one variable factor. 

Reduction of the Oxide to Tungsten Powder .— 
The reduction is usually carried out in two stages. 
The oxide is contained in small iron boats which 
are pushed along iron tubes about 2 in. diam. and 
20 ft. long. In the first stage the tubes are 
heated in definite zones to temperatures ranging 
from 600®C. at the beginning to about 750°C. at 
the end. The time taken is of the order of 
hours. The second stage is similar, but the tem¬ 
peratures are considerably higher. A continuous 
flow of dried electrolytic hydrogen is maintained 
through the tubes, the gas passing through 
driers in a dosed circuit. The purity and dry¬ 
ness of the hydrogen are important. The rate 
of flow is strictly controlled, since this, and the 
rate of heating as well as the dryness of the 
hydrogen, determine the grain-size distribution 
of the metal. 

The metal powder after reduction is accumu¬ 
lated in large batches and sieved. 
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taken from the large batches. These samples are 
rubbed out with turpentine on slides and photo¬ 
graphed at a magnification of 600 (Fig. 1). 

The negative is projected at a magnification 
of 60 on to a screen; the numbers of particles 
within definite ranges are counted, and distri¬ 
bution diagrams are plotted. Figs. 2 and 3 
show typical bad and good distributions. In 
the latter case, the powder concerned had a size 
distribution from 0*2/i to 5/i with a maximum at 
about 1‘6 /m. If the distribution is unsuitable, a 
wire made from the powder may have either 
bad working qualities or a poor life-behaviour 
in lamps. 

Conversion of Die Metal Powder to Wire. 
(a) Pressing. —The powder is placed in a steel 
mould and pressed into a coherent rectangular 
bar. The pressure is applied to the long side 
of the bar, and for a bar 30 cm. x 1cm. x I cm. 
is usually about 2,000 kilos per sq. cm. (12*5 
tons per sq. in.). 

(6) Pre-sintering. —The fragile pressed bar is 
carefully transferred on a tungsten boat to a 
tube furnace in which it is heated in a stream of 
hydrogen to 1,100“C. for 20-30 minutes. Under 
these conditions probably very little if any 
grain-growth occurs, but the bar becomes 
strong enough to stand handling in the next 
process. 

(c) Sintering. —The hardened bar is fixed 
vertically between two clamps, the lower of 
which floats in a water-cooled bath of mercury, 
the upper one being fixed to a water-cooled 
support. A water-jacketed copper housing is 
lowered over the assembly, and hydrogen is 
allowed to flow downward through it at a rate 
of 300 litres per hour; the joint at the bottom 
is made by a mercury seal {see Fig. 4). A current 
is passed through the bar to heat it, and is 
gradually increased over a period of 15 minutes 
to a maximum at which it is maintainexl for 
another 15 minutes. The current is usually 
controlled by some form of induction regulator. 
The appropriate maximum current is determined 
for any particular batch of metal by finding the 
current required to fuse it under ordinary sinter¬ 
ing conditions ; a certain fraction of this current 
is adopted as a working maximum ; the fraction 
ranges from 88 to 96%; for a bar of the size 
described (i.e. pressed originally to 30 cm, x 1 
cm. X 1 cm.) the current is in the region of 
2,700 amperes. This corresponds to a tempera¬ 
ture of about 3,100°C. (about 3,370°K.; the 
accepted fusing temperature is 3,665°K.). 

During the sintering process, rapid grain 
growth takes place in the bar, and this is aided 
by the temperature gradient between the ends 
and middle of the bar, and between the centre 
and outside. Considerable shrinkage takes place 
(linear shrinkage of 16-20%). The density of a 
sintered bar is about 16-8 gm./cm.*. Any im¬ 
purities in the tungsten are al^ volatilised in 
this process, and this is aided by the ** additives " 
or dope, such as alkaline silicates, which were 
introduced into the oxide. The exact mechanism 
of this action is undecided; possibly the vapour 
of the additives carries away other impurities, 
or possibly they act by leaving interstices 
through which these can escape. 

Ihe exact grain size of the sintered bar is not 
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of vital importance to its subsequent behaviour, 
but it is important that it should be under con¬ 
trol, otherwise adjustments would be necessary 
in the later working processes. The figure 
commonly aimed at is about 1,600-2,000 grains 



Fig. 4. 
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per sq. mm., and Fig. 5 shows an etched section 
of such a bar and Fig. 6 a very coarse bar. 
Grain counts are taken as a routine in manu¬ 
facture. 



Fia. o. 



Fig. 6. 


Sivaging .—A sintered bar cannot be drawn 
into wire until the crystal structure has been 
broken down by hot hammering, or “ swaging.” 
In the swaging machine (Fig. 7), a pair of ham¬ 
mers or dies are rotated and are forced apart 
and together in rapid alternations while the bar 
or rod passes through them. Before swaging, 
the unsintered ends of the bar are cut oflF, and 
the bar heated in hydrogen in a tube furnace to a 
temperature of nearly 1,600°0. In the early 
stages of swaging, a little over half the bar is 
swaged at a time, and the bar is reversed and 
reheated before completing its passage through 
the hammers. When the diameter has been de¬ 
creased to about 6 mm. the bar is transferred to 
other swaging machines through which it passes 
directly, being heated by a gas furnace placed 


just in front of the hammers. Swaging is con¬ 
tinued with a total of about 26 steps to a dia¬ 
meter of about 1'5 mm., and during the process 
the rod is reheated to a temperature of about 
2,1(X)'^C. once or twice in a sintering machine to 
allow of further grain growth taking place after 
the voids in the original bar have been closed by 
the hammering. 

The swaging temperatures are gradually 
droppe^d as the size of the rod is reduced, and 
are adjusted so as to be below the rocrystalli- 
sation temperature at each size. The final 
temperature is about ],10()°C. Fig. 8 shows 
the structure of a swaged rod 2 mm. in diameter, 
from which it can be seen how the grains have 
become elongated and are gradually becoming 
fibres. 

Wire Drawing .—The swaged rod (diam. 1-5 
mm.) is hot-drawn through dies; in the earlier 
stages (down to about ()-5 mm.) dies of tungsten 
carbide are used. From this size downward 
diamond dies are used. The wire is lubricated 
by means of colloidal graphite to minimise wear 
on the dies, and is heated by means of a row of 
gas flames placed just before the die. To enable 
the wire to be threaded through the die, it is 
pointed by dipping into fused sodium nitrite. 
The smallest wdres normally used in lamp- 
making have diameters of the order of 0*01 mm. 
The diameter is usually calculated from the 
weight of a known length of wire, the density 
assumed for this purpose being 19-35. 

The shape of the die needs careful control, 
since it is one of the important factors in main¬ 
taining uniformity in the filament and therefore 
in the finished lamp. Fig. 9 shows magnified 
sections through good and bad dies of about 
0-025 mm. diam., and gives an idea of the 
accuracy wiiidi is demanded. 

Coiling of the Filament.— The production 
of filaments in the form of a helix demands the 
I utmost precision, since errors in the dimensions 
I of the helix have serious effects on the behaviour 
of the lamp. This is dealt with in the next 
section. 

Coiling .—The coiling operation is performed 
by automatic machinery, the general principle 
being that a mandrel wire is drawn slowly 
through a nozzle, while a spool of wire rotates 
about it, producing a helix. The tungsten wire 
is usually cleaned before this operation to re¬ 
move adhering tungstic oxide and graphite. 
This may be done either by various electrolytic 
methods, or more simply by passing the wire 
through a bath of hot caustic soda solution and 
scrubbing off the loosened graphite with suit¬ 
able pads. The mandrel is made of either soft 
iron or molybdenum. The latter is used when 
the coils are to be subjected at a later stage to 
high temperature treatment. Molybdenum wire 
is manufactured both for this purpose and for 
use in filament supports by methods very similar 
to those described above for the tungsten fila¬ 
ment. 

For lamps of the coiled-coil type, the primary 
helix is wound in a continuous length, and is 
then treated exactly like the original wire in 
other coiling machines of a special type; that 
is, the primary helix, on its mandrel, is wound 
round a secondary molybdenum mandrel, pro* 
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Fig. 7 . 
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Fig, 9. 
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ducing the coiled coil. During the secondary 
coiling, the machine automatically spaces the 
coils at intervals, so as to leave a straight portion 
of single helix at which individual filaments can 
be cut off ready for mounting in the lamp. After 
coiling, the filaments are heat-treated at such a 
temperature that they will retain their shape 
when the mandrels are removed. The tempera¬ 
tures used vary over a wide range act^ording to 
the size of filament and type of wire used. In 
general, for coiled-coil filaments, temperatures 
well above 1,(KX)®G. are necessary. 

The mandrels are dissolved out in an acid 
bath; hydrochloric acid is used for iron man¬ 
drels, and a mixture of nitric and sulphuric acids 
for molybdenum. 

The filaments are thoroughly washed to re¬ 
move acid, treated with a caustic solution to 
remove traces of oxide, and finally washed in 
distilled water and dried. 

Precision in Filament Man(jfactitre.— 
Although this is primarily an engineering matter, 
it needs mention here, since it is a fundamental 
problem in the manufacture of filaments. Lamp 
manufacture is an example of highly developed 
mass production, and the standards of uni¬ 
formity in the finished product are very exacting. 
The wire used in lamps for general lighting 
service ranges in diameter from 0 013o mm. to 
0*435 mm. In order to maintain a satisfactory 
life performance, the wires must be accurately 
round, and the local variations in diameter 
must not ex(^eed 0*5-1% according to the size 
of the wire. The diameter of the mandrel wire 
needs correspondingly close control, as do also 
the pitch of the helices and the tension of the 
wire during coiling. 

The Behapiour of the Filament in the Lamp .— 
The filament before it is burnt at its operating 
temperature in the lamp has a fine fibrous struc¬ 
ture. On heating, the fibres break down, and 
in the neighbourhood of 2,000°C. are converted 
into small equiaxed grains, and grain growth 
then proceeds, the larger grains absorbing the 
smaller. The temperatures at which these 
changes take place depend on the exact com- 
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position of the wire. In the straight filaments 
which were employed in the earlier types of 
vacuum lamp, this process is liable to lead to the 
formation of grain-boundaries occupying the 
whole diameter of the wire, and these constitute 
a sourt^e of weakness, since the crystals tend to 
flow at the boundaries and the wire ultimately 
breaks (this is known as ‘‘ off-setting ”). Earlier 
efforts to avoid this included the addition of 
about 0*75% of thoria, which restrains the grain 
growth and greatly diminishes the risk of off¬ 
setting. 

Another line of attack was to produce fila¬ 
ments in which exaggerated grain growth could 
take place, so that the whole filament would con¬ 
sist of very few crystals, or even of a single 
crystal, thus minimising the danger by reducing 
the number of grain boundaries. 

This problem arose anew with the intro¬ 
duction of coiled filaments for gas-filled lamps. 
The difficulty here was not so much the breaking 
of the filaments as the fa(!t that as grain growth 
proceeded throughout the life of the lamp the 
movements at the grain boundaries caused the 
spirals to sag and open out, leading to a rapid 
falling off in the efficiency of the lamp due to 
high gas losses. The first remedy attempted 
was to restrain grain growth by the use of thoria 
(again about 0*75%). Fig. 10 shows a section 
through the coils of such a filament after long 
burning; the comparatively small size of the 
grains is contrasted with the large grains in a 
filament made from “ pure ” tungsten. The 
method adopted at the present day is to make 
use of exaggerated grain growth, which is 
achieved (under suitable heat-treatment) by 
the use of additives such as alkaline silic-ates. 
Numerous combinations have been used and 
are in use at the present day ; a typical one was 
mentioned earlier in the description of metal 
making. These additives, as already stated, 
cannot be detected by the usual analytical or 
spectroscopic means after the sintering process, 
but they have a profound effect on the grain- 
growth of the coiled filament whtm heated. The 
process is completed in the time taken for the 



Fig. 10, 
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filament to reach its operating temperature, and 
the filament is left in a stabilised state in which 
the individual crystals occupy several turns 
of the spiral (see Fig. 11), 

Examination of Filaments. —The prepara¬ 
tion of specimens showing the structure of fila¬ 
ments is of importance, since it is in regular use 
for control purposes. The filament is embedded 
in a low melting lead-borate glass containing 
manganese (to give it a dark colour for ease in 
photography). The glass is held in a groove cut 
in a brass block; it is melted and the filament 
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dropped on to its surface. For the examination 
of coiled filaments (which is mostly required), 
the block is ground down until a section through 
the upper part of the spiral is exposed as a 
series of lozenges. After polishing, the tungsten 
surface is etched by means of boiling 3% 
hydrogen peroxide or a cold solution containing 
equal volumes of 10% caustic soda and 30% 
potassium ferricyanide. 

Tungsten rods or bars are usually mounted 
for examination in solder contained in a brass 
cup. 



Fig. 

Carbon Filaments. —Although carbon fila¬ 
ment lamps are no longer in normal use for 
lighting purposes, they are still made for a few 
special purposes. They form a convenient and 
cheap type of resistance; they are also used as 
radiators for medical purposes, and to a small 
extent as room-heating radiators and for other 
heating purposes. Carbon lamps of high ratings 
(30-50 candle power) are still used where extreme 
resistance to shock is important. 

A typical standard process used in the manu¬ 
facture of carbon filaments is the following : 

The raw material is pure white blotting paper, 
which is dissolved in a strong solution of zinc 
chloride, forming a viscous syrup. This is 
squirted through a glass die into alcohol acidified 
with hydrochloric acid; the cellulose is re¬ 
generated in the form of a continuous thread. 
After being left to harden for some days the 
thread is washed repeatedly to free it from zinc 
chloride, and it is wound on a large drum to dry. 
The tough dried thread which looks like a violin 
string is set to its desired shape on a carbon 
former, and in this state is heated in a crucible 
to a temperature of LSOO'^C. During this 
operation, oxidation is avoided by packing 
the filaments, on their formers, in graphite 
powder. 

After carbonising, the filaments are mounted 
on nickel support wires with hollowed ends, and 


H. 

the joint completed by depositing carbon from a 
hydrocarbon bath in which they are immersed 
while a ctirrent is passed. In order to ensure 
that the filament shall be uniform in diameter, 
it is heated by a current in an atmosphere of 
heavy petroleum vapour. The thinner parts of 
the filament heat up more than the rest, and so 
receive a thicker deposit of carbon from the 
vapour. 

This operation is of classical interest, and is 
known as “ flashing.” The filament is now in a 
state ready for use; its diameter is uniform and 
its surface is covered with a thin hard layer of 
deposited carbon. 

Filaments for Thermionic Valves. 

(1) Tungsten .—Tungsten filaments are used 
at the present day only in the largest transmit- 
ing valves, and the method of manufacture is as 
described for lamp filaments. 

(2) Thoriaied Tungsten .—The manufacture 
of this material is similar to that of ordinary 
tungsten, except that sufficient thorium is 
added to the oxide (usually in the form of 
thorium nitrate) to give the equivalent of about 
0*7% of thoria in the finished wire. 

Thoriated tungsten filaments are used for small 
transmitting valves, and also of a few special 
types of receiving valves. During the manu¬ 
facture, the filament is activated ” by a pro- 
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cess which canscH an approximately monatomic 
layer of thorium to be formed on the surface. 
For this purpose the filament is heato<l for a 
short time to a high temperature (ca. 2,8tK)"K.) 
to reduce some of the thoria, and then held at 
a somewhat lower temjierature to stabilise the 
emission. 

(3) Oxide-Coated Cathodes .—These are of a 
different type from th(‘ v^alvo filaments described 
above, and consist essentially of a metallic fila¬ 


ment, coated with a thermionieaUy active 
material. The filament acts as a heater, and is 
usually made*of nickel, although tungsten and 
platinum are also used. The coating most 
generally used is a solid solution of barium and 
strontium oxides in approximately cquimole- 
cular proportions; it is actually applied in the 
form of a mixture of the precipitated carbonates 
and converted into oxides by heating in situ to a 
temperature round about ],400°K. 


Table 3.—Data on Ocerattno Temperatures ano Emission Froperties of the 
Three Types of Filaments. 


Filament (or cathocio). 

Ojicrating 

tempora- 

tun*. 

Kinissioii. 

Fiinissioii 

efficiency. 

lleniarks. 

Tungsten .... 

2,.5(krK. 

275 mA/cm.^ 

3-5 in A/watt 


Thoriated tungsten. 

l.OOCFK. 

3,000 mA/cm.‘^ 

20 25 niA/watt 

The emission is more 
sensitive to poisoning 
hy oxygen and water 
vapour than that of 
pure tungst(‘n. 

Oxidc-coated (BaSr) . 

1,040- 

1,10(FK. 

250-400 

mA/cm.- 

J50-250 
m A/watt 

Very sensitive to poison¬ 
ing by oxygen and 
water vapour. 
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FILBERT. The nuts are the seed of 
Corylm spp. usually designated C. arellana L. 
Other species and hybrids (including cobs) are 

C. pontica Koch, and C. maxima Mill. Ameri¬ 
can species of hazelnuts are given as C. rostrata 
Ait. and C. americxina Walt. 

Konig (“ Chem. Mensch Nahr.-Genussm." 1903, 
1 , 611) gives the composition of the kernels as : 

N-frce 

HgO. Protein. Fat. extract. Ash. 

7-1 17-4 62-6 10*4 2-5% 

Bertram (Ole, Fotte, WAchsc, 1936, No. 14, 
2-4) reports the following characteristics of the 
French oil: d^ 0*9144, 1*4691, iodine value 

(Hanus) 86*8, saponification value 192*0, un- 
saponifiable matter 0*35%. The oil contains 
8% of saturated acids, largely palmitic. The 
unsaturated fraction includes oleic acid 78*2 and 
linoleic acid 9*1%. 


Osborne and Campbell (Connecticut Agric. 
Exp. 8ta. Kept. 1895, 288) describe the isolation 
from the nuts of a glohiilin, corylin, C 50*7, 
H 6*86, N 19*17, S 0*83, O 22*42%. The N 
distribution of ttorylin, according to Osborne 
and Harris (J. Amer. (Jiem. Soc. 1903. 25, 323), 
is total N 19%, basic; N 5*75, non-basio N 10*7, 
N precipitated with MgO 0*16, ammoniacal N 
2*20%. The constituent amino acids of corylin 
include cystine 1 *5 and tryptophan 2*86% (Jones 
et at. J. Biol. Chem. 192L 62, 183). 

A. G. Po. 

FI L IC I C AC ID V. FiLix Mas. 

FILICIN V. Filtx Mas. 

FILICITANNIC AC ID v. Filix Mas. 

FILITANN 1C ACID v. Filix Mas. 

*^FILlTEr ITALIAN (Vol. JV, 519tt). 

FILIX MAS. —Filix mas (B.P.), Aspidium 
(U.S.P.), Male fern; Rhizoma filicis {Racine de 
j'ongere male (Fr.); Wurfnfarn, Johanniswurzel 
(Ger.). The rhizome of male fern, Aspidium 
iilix mas (Swartz) or Dryopteris Filix-Mas Linn. 
(Schott) has been a favourite anthelmintic 
medicine since the times of Theophrastus, 
Dioscorides, Pliny, and Galen. For botanical 
characters, see Woodville (Med. Bot. 271), 
Moore and Lindley (Ferns of Great Britain, 
14-17), and Bentl. and Trim. 300; cf. also 
Czapek: “ Biochemie der Pflanzen,” 1925, 

vol. HI, pp. 565. Filix mm (Fam. Poly- 
podiaceae) is indigenous to all Europe, North 
Africa, North Asia, Himalaya and America 
from the North as far South as Peru. 

The early chemical investigations of the 
rhizome {see Pereira, Mat. Med., 3rd ed. 1853, II, 
959. and Poulsson, Arch. exp. Path. Pharra. 
1801, 29, 1) show, that besides the constituents 
common to plants, it contains a peculiar green 
^ fixed oilf tannin and a crystalline compound, 
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first analysed by Luck (Jahrb. prakt. Pharm. 
1851, 22, 129) and named by him filicic acid 
(also called filicin). These constituents are all 
found in the ethereal extract of “ oil of male 
fern” (Oloorcsina Aspidii) in which form alone 
the drug is made use of in medicine. Olcorcsina 
Aspidii must contain 24-26% (B.l^.) or not le.% 
than 24% (U.S.P.) of fili(‘in. The rlnzomes 
must not be used later than om^ year from the 
date of collection, careful drying is essential. 
Cf. articles on Filix mas and F.rtr. fdiris in 
B.P. 1932, and on Aspidium and Olcoreshui 
Aspidii in I'.S.P. XI (1936). The green fixed 
oil is composed, according to Katz (Arch. 
Pharm. 1898, 236, 655), of the glycerides 
of oleic, palmitic and cerotic acids, the chief 
(!onstituent being triolein. The tannin, JUi- 
tannic or filicitamiic arid is, according to Malin 
(Annalcn, 1867, 143, 276), a gliicoside {see also 
Arch. Pharm. 1906, 244, 466). 

Filicic. acid., ^ 36 ^ 4 oOi 3 (Foulsson, Chem. 
Zentr. 1891, JJ, 673) W 'Ca^Hg^Oig (Boehm, 
Annalcn, 1901, 318, 256). i\)ulsson states that 
the physiologically active substance is a colour¬ 
less amorphous powder, melting at about 125'^ 
In boiling cth(u‘eal solution it is converted to its 
lactone jilicin., C 35 H^qOj 2 ^ 35 ^. 38 ^ 12 * 
This anhydride is inert and ft>rms yellow^ 
rhombic leaflets, m.p. 184'^. It is insoluble in 
water, sparingly soluble in cold EtOH, readily 
in hot. By careful treatment with alkali it can 
be retransformed to the active acid. These 
results do not agree with tliose of Boehm, 
w’ho obtained a crystalline filicic acid in a yield 
of 3-5% by merely rccrystallising the amorphous 
substance from acetone, nif). 184”185'^’, easily 
soluble in CHCI 3 and CSg. soluble in CgHg. 
Prolonged heating in alcoholic solution cau.st's 
destruction of the filicic acid molecule and 
alhaspidin {see later) is eventually isolat(‘d 
(Boehm, Annalcn, 1901, 318, 268). 

An insight into the constitution of filicic acid 
has been obtained by Boehm, wdio isolated a 
number of other crystalline substances from 
fern extracts, and has made by far the most 
important contributions to our knowledge of 
the subject. (Arch. exp. Path. Pharm. 1897, 
38, 35; Annalen, 1898, 302, 171; 1899, 307, 
249; 1901,318,230,245,253; 1903,329,269, 
310, 338). All the substances isolated by Boehm 
appear to be either methylated phloroglucinyl 
propyl ketones, or to consist of two or three 
such nuclei joined together by one or two 
methylene groups. Boehm also gives a specu¬ 
lative formula for filicic acid, according to wdiich 
the acid is a combined di- and triphenyl 
derivative. 

Aspidinolf briglit yellow crystals, 

m.p. 156-161°, is the simplest of these substances. 
For its preparation, see Annalen, 1901, 318, 247. 
By digesting aspidinol with zinc-dust and 
NaOH for ten hours, it is decomposed to 
methylphloroglpcinol monomethyl ether and n- 
butyric acid. It has the constitution : 



By the condensation of C-methylphloroglucinol 
^-methylcther and n-butyronitrile Karrer and 
Widmer (Helv. Chim. Acta, 1920, 3, 392) 
obtaincid two isomeric ketones, one of whi<*h 
was identical with aspidinol {cf. also Robertson 
and Sandrock, J.(XS. 1933, 819). 

Filicin (filicic acid), on the other hand, is the 
m(»st complex, and consists of three such 
ketone nuclei as mentioned above. On boiling 
filicin for a short tinn^ with zinc dust and 
NaOH (Annalen, 1901, 318, 231*), it yields, 
amongst other products, ^' filicinic acid buta- 
none," m.p. 95-97°, which is isomeric* wfith 
aspidinol and has the (‘onstitution 
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or is tautomeric with it. By more prolonged 
boiling it breaks up into w-butyric acid and 
c/C 7 a-dimcthylphloroglucinol {filicinic acid), m.p. 
212-215° {see Annalen, 1899, 307, 249). The 
latter substance gives, on oxidation, dimethyl- 
malonic* acid. For the synthesis of filicinic acid, 
sec. Robertson and Sandrock, J.C.S. 1933, 1617. 

The other substances isolated by Boehm are 
comy)oscd of two ketone nuclei joined by one 
m(‘thyl(“n<^ group. 

Alhaspidin, Cjj-H^jjOf^. needles, m.p. 151- 
152°, consists of two filicinic* ac*id butanone 
Tvsiducs. and can be synthesised from this 
ketone* by means of formaldehyde, the methy¬ 
lene-bridge being in meta-position of both 
butvroyl-groups {see above filicinic acid buta¬ 
none, and also Po diin, Annalcn, 1961, 318, 305). 

Fhloraspin, C 23 H 2 f< 0 ^. colourless ru'calles, 
m.p. 211 °, is similarly built up of methyl- 
phlc)rc)glucinol-«-butanone, and the methyl 
ether of ])hloroglucinol-a-butanone, which are 
two isomeric* kcdonc^s, CuH^^O^, lower homo- 
logues of those already refc*rrcd to (Annalen, 
1903,329,338). 

Flavaspidic acid, C 2 jH 2 nO^, is a strong acid 
which decompcjses carbonates with evc)lutic)n 
of CO 2 - It exists in two modifications, melting 
at 92° and 156°, and appears to have on one side 
a four-membered ring : 
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{see Annalen, 1901, 318, 253, and 1903, 329, 310). 
By boiling hydriodic acid it is reduced to a 
xanthene derivative: 
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FILIX MAS. 


ra.p. 257-259°. With the exception of filicic 
acid, all the above substances occur also in the 
rhizome of Aspidium apinulosum (Swartz), in 
which the filicic acid is replaced by aspidin, 
^ 26 *^ 32 ^ 8 * ^ 124-5° {polystichin, Poulsson, 

Arch. exp. Path. Pharm. 1898, 41, 246). 

As the latter fern is often confused with 
A.filix mas, the commercial extracts of the male 
fern may contain aspidin as well. The substance 
may be recognised in the crude extract by 
crystalHsation (Hausmann, Arch. Pharm, 1899, 
287, 544; Annalen, 1903, 329, 321). Aspidin 
has most probably the constitution : 
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being built up of aspidinol and filicinic acid 
butanone. 

Most of the above substances are physio¬ 
logically active on tape worms and other lower 
animals (Boehm; Straub, Arch. exp. Path. 
Pharm. 1902, 48, 1); the simplest one having any 
degree of activity is filicinic acid butanone; 
lower degradation products are inactive. It 
is difficult to attribute the anthelmintic action 
to any one substance in particular, but according 
to Kraft (Arch. Pharm. 1904, 242, 489) this 
action is primarily due to yet another substance, 
filmarone, more complex than any isolated by 
Boehm. 

Kraft states that good extracts of male fern 
contain 3-5% filicic acid, 2-5% flavaspidic acid, 
0-05% albaspidin, 0-1% aspidinol, 0-1% flava- 
spidin (probably identical with phloraspin of 
Boehm) and 5% of filmarone. The last sub¬ 
stance, C 47 H 540 ig or C 47 H 520 ig, is an amor¬ 
phous brownish-yellow acid, melting at about 
60° and containing four different phloroglucinyl 
ketone groups. Boiling with zinc-dust and 
NaOH decomposes it into filicic acid, aspidinol 
and various other substances {see Kraft, lx.). 
Whether filmarone is a chemical individual is 
not clear, but it seems to have met with a 
certain measure of clinical success. 

For cases of poisoning by fern extracts, see 
Poulsson (Arch. exp. Path. Pharm. 1891, 29, 1); 
for detection of filicic acid in such cases, see 
Bocchi (Chera. Zentr. 1896, 11, 1137). Muller 
and Kofler (Arch. Pharm. 1930, 268, 644) 
describe biological tests on fish and give litera¬ 
ture references {see also Chem. Zentr. 1929, I, 
118). For anthelmintic and haemolytic action 
of products of filix mas, see Jodlbauer, Arch, 
exp. Path. Pharm. 1932, 164, 457. 

G B 

FILMARONE V. Filix Mas. 

FILTER PAPER. Filter papers of all 
grades and for every purpose are now available 
of British origin as a consequence of administra¬ 
tive action, devised to counter the menacing in¬ 
conveniences experienced during the war (1914- 
18), before which period filter papers were 
largely or, in some of the most important grades, 
exclusive^ of foreign origin. Thus, qualitative, 
quantitative, ash-free, fat-free, soft and tough 


grades are available, and some are also sold 
moulded thimble-wise, for Soxhlet extractions, 
as well as in the usual sheets and/or discs. All 
are made from purified cellulose of adequate 
strength, to suit a wide range of purposes. 
These purity and strength requirements, plus 
filtration velocity, in practice can be fulfilled 
only by employing cotton and linen, separatedly 
or mixed, as raw materials; other materials 
have shorter fibres and are not easily purified 
from minute cpiantities of undesirable impurities. 
Both cotton and linen have the fibre length 
necessary and, hence, both will supply the 
strength required with even a minimum of 
hydration in the paper-maker’s beater (^’. Cellu¬ 
lose, Vol. II, 4696), and, thus, maximum 
filtration velocity can be conserved. The opera¬ 
tion of beating allows hydration and, therefore, 
strength to be accurately controlled, other 
methods of hydration with reagents are not 
employed, because the subsequent removal of 
traces of the reagents is difficult and the action 
of the beater is far more easily controllable in 
their absence. 

For the best grades, new cotton and linen 
cuttings are th(‘ raw materials; the cellulose is 
then free from its common degradation products 
and, also, almost free from inorganic matter. 
Particularly, it is free from lime salts present 
in old rags, derived from hard waters in launder¬ 
ing, and from iron, copper, alumina and silica. 
Organic matter present may be, in old rags 
cellulose degradation products and starch, fats, 
oils and resins, in new rags a minute trace of 
fatty or resinous matter which normally occurs 
in the living plant. For some special purposes 
a fat-free paper is essential and even for use 
with aqueous reagents it is advantageous 
because water will not otherwise wet evenly and 
with maximum rapidity and hence velocity of 
filtration will be diminished. A clean surface 
of distilled water is contaminated by contact 
with filter paper not treated for fat removal 
(with alcohol-ether) so that its normal surface 
tension is disturbed (Rayleigh). 

Industrially, the cotton and linen are boiled 
with weak alkali, sodium carbonate for new cut¬ 
tings and caustic soda for old rags; the reagent 
is removed, the material then washed and centri¬ 
fuged to 25-30% concentration, bleached gently 
with chlorine gas and thoroughly washecl. 
Finally, it is made into paper (more correctly 
water-leaf), after the appropriate degree of 
beating and without sizing or any other added 
ingredient. 

The normal ash-content of pure cellulose is 
about 0'1-0-4% and, for quantitative filter 
papers, this is reduced to about 0-008% by ex¬ 
traction in succession with HCI and with HF. 
The pulp after the bleaching operation is treated 
with 1 litre of cone. HCl/350 kg. cellulose then 
washed and treated with the like quantity of 
HF and, finally, thoroughly washed, the last 
traces of acid being more easily removed with 
the help of a minute trace of N Ho in the wash 
water. This treatment with acid leads to some 
degradation of the cellulose by hydrolysis, and 
reducing substances thus formed in tne paper 
will decolorise dilute permanganate solution 
(McBride and Sherrer, J. Amer* Ghem« Soc; 
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1917, 89, 928); the main portion is, however, 
extracted by the first portion of the perman¬ 
ganate reagent passing through. 

Bibliography .—“Testing of Filter Paper” 
(Papier-Fabr. 19.33, 31, S116). 

C. J. J. F. 

“ FlLTROl ” (Vol. IV, 248c). 

FININGS (Vol. If, 102a). 

FINISHING TEXTILE FABRICS. The 

term “ finishing,” as used in the textile industry, 
generally refers to those operations which 
constitute the third or final phase in the refine¬ 
ment and embellishment of woven and knitted 
fabrics. The first phase may be represented by 
scouring and bleaching, or preparing in the case 
of wool goods, and the second phase by a colour- 
ing process, e.g. dyeing or printing. In some 
cases, operations of the first and second phases 
are not carried out, e.g. the finishing of canvas 
linings for men’s wear, cotton cloth in tlic grey 
state, etc., whilst in the production of white 
materials of all kinds, second-phase operations 
are obviously excluded. Again, in th<‘. wet- 
processing of crepe cloths, the first-phase opera¬ 
tions are essential “ finishing ” operations, inas¬ 
much as the successful prodiu'tion of satisfactory 
finished effects, whether eoloured or white, are 
almost entirely dependent on the nature of, 
and the care taken in carrying out, the initial 
treatment of the cloths. Finishing technique, 
therefore, is subject to wide variation and the 
degree of refinement and embellishment re¬ 
quired as well as the production of other 
distinctive effects are determined largely by 
considerations of (a) the nature, physical align¬ 
ment and/or state of the fibres in the yarns 
composing the fabrics ,* {h) the swelling capacity 
of the fibres in presence of aqueous liquids or 
steam ; (c) the behaviour of the fabric material 
under mechanical pressure, and cutting, abrasive, 
tearing, frictional, etc., operations in the wet 
and dry states, at low and elevated tempera¬ 
tures ; (d) the varying susceptibility of different 
fibres to modification in presence of chemical 
agents; and (c) the suitability of fibres for absorb¬ 
ing and/or acting as receptive media for finishing 
materials which are needed to impart, special 
properties to the finished fabrics. 

The spun fibres are termed “ yarns ” and the 
latter are used as warp yams (longitudinal 
threads of fabric) and weft or filling yarns 
(threads at right angles to warp threads). Warp 
yarn is invariably stronger than weft yam, whilst 
in so-called union fabrics, i.e. fabrics containing 
more than one kind of fibre, the yarns may be 
of widely different character, e.g. cotton warp 
and wool weft or composite yarn spun from a 
mixture ^of cotton and wool may be used. 
Yam, itself, is sometimes subjected to finishing 
operations, e.g. wax polishing of certain types 
of cotton and linen thread and processes for 
preventing worsted yam from- felting when 
washed, but, in the majority of cases, finishing 
is concerned with the treatment of woven and 
knitted yarn, i.e. fabrics or webs. In some 
textile centres, the term “ finishing ” embraces 
all wet- and dry-processing operations which 
fabrics undergo after leaving the looms or knit¬ 
ting machines ; it often happens, therefore, that 
Boouring, bleaching, mercerising and even dye¬ 


ing, as applied to cotton and other cellulosic 
fibres, are included under this term; a brief 
account of modem cloth mercerising is given in 
this article. 

Apart from the points already discussed, the 
production of any type of finished effect is 
governed also by economic factors and, in 
particular, the uses to which the finished goods 
are to be put, so that, in many cases, these and 
other considerations have to bo taken into 
account in designing the structures of fabri(;8. 
Moreover, the production of consistent satis¬ 
factory finished effects on all classes of fabrics is 
possible only by a clear understanding of the 
characteristic properties of the pertinent fibres 
and their behaviour when present in the various 
physical forms of the fabrics to be treated, whilst 
the interdependence of all operations leading to 
the finished material scarcely needs to be 
stressed. 

The majority of true finishing operations can 
only be carried out satisfactorily in presence of 
moisture, heat, pressure and/or friction. 

Finishing Cellulosic Fabrics. 

Wet-Processing (Motion Cloth .—Before discaiss- 
ing the actual finishing operations to which 
cellulosic fabrics are subjected, it is desirable 
that a few brief notes regarding two important 
branches of wet-processing, viz. bleaching and 
mercerising should be recorded. 

Blkaciiing . 

A large proportion of the world's production 
of finished cotton cloth is finished in the bleached 
and merc*erised (jondition ; also, much of it is 
dyed and/or printed. Bleaching has already 
been dealt with in Vol. II. Its object is to remove, 
either partly or completely, according to re¬ 
quirements, the natural and acquired impurities 
associated with the fibres. The cloth is generally 
bleached in rope form, although heavy cloths 
are often bleached in open width. Low or high 
pressure boiling of the cloth in alkaline liquors* 
(lye-boiling) efet^ts the removal of fatty and 
greasy matters, etc., by a series of reactions 
based on hydrolysis, emulsification and dis¬ 
solution, whilst oxidation of the natural colour¬ 
ing matters to soluble colourless products is 
effected subsequently by means of hypochlorites 
or hydrogen peroxide. In spite of the ever 
urgent call for speeding up production, the time- 
factor in the lye-boiling operation is still an 
exceedingly important requirement in the pro¬ 
duction of highly satisfactory goods. When 
(caustic soda is used, it is best not to use live 
steam for heating and circulating the liquor; 
two lye-boils with soda ash, with or without a 
little caustic soda, give more uniform and satis¬ 
factory results than one lye-boil with caustic 
soda, although the general tendency at the 
present time is to make one high pressure lye¬ 
boiling operation with caustic soda suffice for a 
wide range of cloths. A preliminary boiling of 
the cloth in milk-of-lime (lime-boil) is still 
practised to a considerable extent, especially 
in the case of cloth which is to be printed sub¬ 
sequently. As regards the plant in use, it is 
remarkable that very few outstanding improve- 
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mentfi have been introduced during the past 50 
years. In many works, the cloth, in rope form, 
is directed into position (piling), in the kiers, 
or pits, as required, either by hand labour or by 
means of mechanical pilc^rs. Boiling vessels 
(kiers) of the puffer pipe, injector and outside 
heater with centrifugal pumps arc all types in 
use, although the most eflicient type for general 
use is a kicr built on the last-named princ iples. 

Cotton-Simple Fibre Cloths .—Cloths containing 
(iotti^n and staple fibre (rayon) yarns are less 
resistant to alkali-boiling than 100% (‘otton 
cloths. (V)nsequently, in cases where it is 
necessary to remove natural irnpuritic's from the 
cotton portion, it is best to boil the goods in 
open vessels, since raycui fibres are quickly 
attacked when boiled with alkali under pressure, 
and the fabric may suffer a serious loss in weight. 
Also, all decolorising operations (bleaching) with 
oxidising agents should be conducted cold or 
only lukewarm and with great can* in order to 
prevent degradation of the staple fibre. 

Mkkcekisinu. 

Finely w'oven cotton cloths, cither ])lain or 
with coloured stripes, intcndtal for making up 
into shirts, handkerchiefs, dress materials, (‘tc., 
are usually bleached and mercerised before they 
are subjected to the actual finishing operations. 
Certain (lasses of goods, which are to be dyt'd, 
are first subjected to a comparatively mild 
treatment with caustic soda in order to swell 
the fibres slightly and increase their affinity for 
dyes. 

The term “ mercerising ” was applied 
originally to a process of treating cotton, either 
yarn or cloth, with cold conc(‘ntrated caustic 
soda solutions in such a way that it acquired a 
permanent silky lustre; it was coined as a 
posthumous compliment to John Mercer, a 
Broadoak (Lancashire) colourist, w'ho, as the 
patent records show, was the first experi¬ 
mentalist to make a study of the action of cold 
concentrated caustic; alkali on cotton cloth. 
He noticed, amongst other changes, the pro¬ 
nounced contraction and sw^elling of the fibres 
that occurred during attempts to filter concen¬ 
trated caustic alkali solution through cotton 
cloth, but he did not observe that lustre was 
developed on the cloth if the normal contraction 
were prevented by mechanical force and the 
alkali-impregnated cotton washed while under 
tension. This observation, which led to the 
development of the modern mercerising process, 
was made by H. Lowe, England, and indepen¬ 
dently at a later date by Thomas and Prevost 
of Crefield, Germany. Unfortunately, the mean¬ 
ing of the term “ mercerising ” has been extended 
since Lowe’s discovery to indicate almost any 
kind of treatment applied to cotton, etc., pro¬ 
vided it involves the use of caustic soda solution 
of medium or high concentration. The mer¬ 
cerising process discussed in this article is con¬ 
fined solely to the modem practice of in(‘reaHing 
the natural lustre of cotton by means of strong 
swelling agents, usually caustic alkali, with the 
aid of massively built impregnating and stretch¬ 
ing appliances. Instead of preventing caustic- 
alkali impregnated cotton from contracting in 
the normal way, the cloth may be allowed to 


contract to its fullest extent, then stretched to 
near its original dimensions and the caustic soda 
removed by washing while it is in a stretched 
condition. Although the lustre developed in 
this way is not inferior to that produced by the 
more familiar method of working, i.e. by pre- 
v(‘nting too miicdi contraction immediately 
following the treatment with caustic alkali, it has 
been shown that the force re(juired to stretch a 
contracted cloth back to its original dimensions 
(approx.) is much gn^ater than the force required 
to prevent initial contraction. Consequently, 
the b(;st modern practh'e of merc'crising cotton 
cloth is based on the latter principle. 

Mercerising Practice .— Cotton cloth is mer¬ 
cerised eithcir in the grey state, i.e. direct from 
the loom, or after semi- or full-bleaching. In 
either case, the cloth is singed {cf. BLEACiifNcs, 
Vol 11,5r/) prior to the first wet-treatment opera¬ 
tion. Mercerising before bleaching appears to be 
pra('tis(‘d to a greater extent than after bleac'hing, 
although a better lustre is obtained, excess 
caustic soda is removed more readily and 
higher speeds of treatment are attainable by 
a(lopting tlu^ latter procedure. Bleached cloth 
is prepared for mercerising, during the last stages 
of bleaching, by passing it continuously, in rope 
form, from the last w^ashing machine \na a 
scutching machine (opening out to full width), 
through a lu‘avy water mangle; finally, it is 
dried by causing it to travel over a series of 
revolving st(;am-heated drying cylinders. 

Gr('y cloth is often treated with a desizing 
agent, e.g. malt extract, after singeing, or after 
mer(*(‘rising, i.e. immediately before bleaching, 
in order to remove, from the warp threads, 
starchy matter originally introduced in the form 
of sizing paste for the purpose of strengthening 
them during weaving. If desizing takes place 
b(‘forc mc'recrising, the washing, after the latter 
operation, to remove excess caustic soda, need 
not be so drastic* as is necessary when desizing 
takes place after mercerising. In fact, it is 
customary to leave a small amount of caustic 
soda in the cloth after mercerising, if desizing has 
alreadj^ taken place, so that it serves partly as 
the alkali for the first lye-boil of the bleaching 
process; in this case, the mercerised grey cloth 
is passed dire(*t to the lye-boiling kier after excess 
caustic alkali has been removed in the mer¬ 
cerising process. The waste caustic soda from 
the mercerised grey goods is not so pure, of 
course, as that from bleached goods; con¬ 
sumption of caustic soda in the best types of 
plant is about 20-25% on the weight of the cloth. 

The main physical phenomena that occur 
during the initial treatment of the cotton with 
concentrated caustic alkali are lateral swelling 
of the individual cotton hairs and untwisting of 
their natural convolutions. These effects vary 
in intensity and (completeness acconling to the 
length of time of treatment with, and con¬ 
centration of, the caustic alkali; they are also 
influenced hy the degree of twist in the yarn, 
and the amount of starch, etc., on the warp 
threads. The highest lustre is produced, how¬ 
ever, when swelling and untwisting are allowed 
to proceed to a maximum, but in commercial 
practice, a compromise is essential in order to 
enable the process to be carried out continuously 
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and economically; 7°Tw. (caustic soda has no 
appreciable swelling action on bleached cotton; 
15°Tw. caustic? soda produces a distinct swelling 
effect, and swelling is at a maximum with about 
45‘^Tw. caustic soda. Also, in the case of purified 
cotton, the action is complete in about 30 seconds 
when 60°Tw. caustic soda solution is used, whereas 
with grey cotton, a longer period is needed 
before the maximum changes occur. Conse¬ 
quently, in the design of plant for a continuous 
system of mer(?erising, the speed of the (;loth 
is arranged to give a minimum action-period of 
30 seconds, i.e. between the time of impregnation 
with (caustic alkali and the first rinsing treatment. 

Mercerising Plant for ('loth .—A typical modern 
cloth mercerising plant or range consists of 
( 1 ) one or two impregnating mangles; ( 2 ) a 
hydraulic tension regulator for the warj) 
threads ; (3) a clip stenter with accessory appara¬ 
tus, i.e. rinsing apparatus and compensating 
t(*nsion rollers betwc(?n the end of the stenter 
and caustic alkali recu])erator; (4 and 5) caustic 
soda recuperator and neutralising and rinsing 
boxes. TliC i)ro<;odure brielly is as follows; 
The dry cloth, in open width, is drawn through 
cold caustic solution in ( 1 ) and squeezed between 
rollers under high pressure ; this operation may 
be repeated while the cloth is travelling forward 
continuously. In high speed work, the cloth 
passes next over a series of hollow iron drums 
fixed close together; this operation allows timt‘ 
for the alkali to act and prevents shrinkage 
before the cloth passes through a second im¬ 
pregnating mangle and then via the expansion 
rollers of a warp-tension flcvice ( 2 ), on to a 
stenter (3), where it is gripped powerfully at the 
selvedge *8 by (dips; after passing along the 
stenter for about 20 ft., the cloth is subje(‘tcd to 
the first rinsing operation; next it is released 
automatically from the clips at the end of the 
stenter and then passes over compensating 
rollers into the recuperating box (4), from which 
it passes through dilute sulphuric acid and is 
finally rinsed thoroughly with water (5). 

(1) Impregnating or Padding Mangle .—This 
consists of a box comprising two compartments 
for holding caustic soda solution ; it is provideci 
with a few guide rollers in each compartment for 
depressing and guiding the cloth through the 
alkali; also it is usually jacketed so that the 
temperature of the alkali can be kept constant. 
In the most efficient system of mercerising, two 
mangles, ea(?h having two compartments, are 
used, and the concentrations of the caustic soda 
liquors in the four compartments increase 
progressively from about 35° to 55°Tw. A tier 
of three bowls or rollers is pla(?ed immediately 
above each box ; the projecting steel centres of 
these rollers are supported at both sides in 
bearings contained in exceptionally strong 
chucks; usually the bottom and top rollers of 
the tier are made of chilled iron, whilst the middle 
roller is covered wdth tough rubber. The rollers 
are positively geared to prevent slippage of the 
alkali impregnated cloth, and by means of pres¬ 
sure adjustments at both ends, the points of 
contact between the rubber periphery of the 
middle roller and the two other rollers when 
ready for operation, are brought into as perfect 
alignment as possible over the whole surfaces 


of the rollers. Although two mangles are used 
for rapid production, only one is required for 
cloth that is easily penetrated by the alkali. 

(2) Hydraulic Tension Regulator. —This oper¬ 
ates just before the cloth enters the stenter ; 
its use prevents the weft from bowing and 
puckering. It consists of three guide rollers, 
two of w'liich are fixed in a horizontal plane, 
whilst the middlt? roller operates hydraulically 
Ix^twecn tlie other two, so as to develop a con¬ 
stant hydraulic load over the whole wudth of the 
cloth and hold the warp threads at a pre¬ 
determined tension. 

(3) Sfentering Machine or Ste7iter .—The es¬ 
sential features of this machine are two series 
of self-feeding clamps made of hard nickel grip 
plates and carried on endless chains running in 
races ; a series of (‘lamps is carried in a (?hain at 
ouch side of tlie machine ; both series of cla mps, 
as well as the travelling cloth, are in a horizontal 
plane, and are so constructed that a portion of 
('ach selvedge of tin* travelling chHh, as it enters 
the machims is gripped automatically by a grip 
plate; as the cloth travels forward, more 
adjacent grip plates come into action, so that a 
long piece of cloth is held lirmly in positkm in a 
pre-determiried wodth while in a state of motion 
and thus is prevented from contracting ; excess 
caustic soda is removed by spraying the top of 
the cloth with hot dilute caustic soda solution; 
th(? wash-li(|uor collects at eac h spraying point, 
and is directed by means of a doctor or scraping 
appliance to a point immediately over per- 
forat€?d suctiorj boxes beneath the cloth, a 
vacuum pump being used to provide the suction. 
Rinsing is done on the counter current system 
and, when the alkali has been reduced to about 
15°Tw., no further shrinkage of the cloth is 
likely to occur. The causti(’ alkali removed by 
rinsing is j)assed forward to a purification and 
coiKHUitration plant. The cloth is released auto¬ 
matically at the end of the stenter and passes 
through compensating rollers to regulate its 
speed of travel with that of the driven rollers 
in the alkali-recuperating box. 

(4) Alkali-Recuperating Box. —This consists of 
several compartments containing guide rollers 
for the travelling cloth against which low pres¬ 
sure steam is blown; most of the residual 
caustic soda collects at the bottom of the box. 

(5) Neutralising and Rinsing Boxes. —The 
cloth from (4) next passes between squeezing 
rollers into a tank containing lJ-3°Tw, sul¬ 
phuric acid at 50°C.; it is then washed by jets 
of water while passing through another box, and 
after passing through a third box containing (;lean 
water, it is squeezed; if the cloth is in the grey 
state, it may then be desized and subsequently 
bleached, as previously outlined on p. 184c. 
If, however, the cloth has been partly bleached 
before mercerising, the souring and final washing 
operations may be omitted and bleaching com¬ 
pleted in the usual manner. 

(^hainless Mercerising Machine. —This machine 
is provided with similar impregnating boxes, 
intermediate drums for pi'eventing shrinkage in 
width and the same type of hydraulic tension 
regulator as those use(i on the chain machine, 
but the chains and clips on the latter are re¬ 
placed by a series of curved expanders whereby 
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in conjunction with the warp tensioning regu¬ 
lator, the cloth, as it passes continuously through 
the machine, is expanded to its full width before 
it enters the rinsing compartments. Six ejc- 
panders serve to produce this effect; they are 
covered with rubber to enable the slippery 
alkali-impregnated cloth to be gripped more 
firmly than by metal surfaces. The cloth next 
passes over another series of expanders in a 
rinsing box which is divide^l into sections, the 
fresh hot rinsing water being caused to travel 
in the opposite direction to that of the cloth. 
Machines of this kind can be used for mercerising 
two pieces of certain types of doth in juxta¬ 
position in one passage {v. B.P. 210484, 
295062). 

Mercerising Union Fabrics of (A) Cotton and 
Rayon; (B) Colton and Cellulose Acetate Rayon. 

(A) Cloth composed of cotton and viscose 
rayon may be mercerised in a similar way to 
that adopted for cotton cloth ; it is best, how’- 
ever, to w^ash out the alkali as quickly as possible 
with boiling water (c/. B.P, 295062). CUoths 
made from composite yarns of <M)tton and 
viscose rayon staple fibre (up to about 20% of 
the latter) can also be treated similarly. It is 
essential to remove excess alkali as (juickly as 
possible in the initial rinsing operation and 
perhaps this is best done by a series of spray 
pipes through which nearly boiling w^ater is 
sprayed on to the material. 

(B) Mixture cloths containing cotton and 
cellulose acetate rayon fibres can also be mer¬ 
cerised in the same way as cotton cloths {v. 
B.P. 210484). The period of contact of the 
alkali with the cloth should be reduced to a 
minimum, consistent with the mcrcerisation of 
the cotton portion, whilst very thorough and 
quick washing with large volumes of cold water 
is essential, otherwise the cellulose acetate 
portion of the cloth is liable to become partly 
hydrolysed by the diluted alkali. Thus, a 
typicu-l process of mercerising, dyeing and finish¬ 
ing cloths of this ty})e involves the following 
operations—Singeing on both sides of cloth; 
desizing; rinsing ; drying ; mercerising ; scour¬ 
ing in soap solution at 80-85°C. on jigs ; rinsing; 
dyeing; rinsing ; impregnating with a softening 
agent, e.g. highly sulphonated castor oil; 
stretching or stentering; drying; bght calender¬ 
ing ; and packing, etc., for delivery tf) customers. 

Finishing Woven Cotton Fabrics. 

The chief operations carried out in finishing 
cotton fabrics are—Stiffening, filling or weight¬ 
ing, drying, dampening, stretching, calendering, 
b^tling, etc. 

(1) StuTBNINO.—T he main object in this 
operation is to give the cloth a firmer handle. 
It is accomplished by impregnating the fabric 
with gelatinised starch or with gums, etc., with 
or without the addition of softening agents, e.g. 
glycerol, sulphated oils, etc., followed by drying. 
The degree of firmness attained is governed by 
the nature and consistency of the starch mixture 
used, and the amount absorbed and/or forced 
into the cloth by mechanical pressure and/or 
friction. Usually, the starch mixture is applied 


by means of a starch mangle. This type of 
machine is available in many different modifi¬ 
cations, but similar principles are involved in 
nearly all types. In order to remove creases 
and impart slight tension, the dry cloth is drawm 
in full width over one or more tension rails 
direct into the stiffening mixture contained in a 
box (starch box) provided with a closed steam 
coil, waste outlet, etc., and situated immediately 
beneath 2 or 3 heavy bowls or rollers commonly 
arranged in a vertical plane. The l)ox is fitted 
with one or more rollers for the cloth, which, on 
emerging from the paste, is then drawn over a rail 
or opener into the “ nip ” of the two lower 
rollers. 

Thus, the starch paste, etc., is squeezed into 
the cloth and w here a light stiffening is required, 
this operation is sufficient. For heavier effects, 
however, a three-bowl mangle is used, and in this 
case the cloth passes first between the lower nip 
and then between the up})er nip, i.e. the points 
of contact between the upper and middle bowl 
or roller. The bowls are usually made of brass, 
cotton, sycamore, rubber, etc., and are arranged 
in suitable combinations according to the type 
of cloth to be treated and the finished effect 
required. Thus, a common combination con¬ 
sists of two cotton or sycamore bowls with a 
brass bowl between them, i.e. a three-bowl 
mangle. The middle bowl is positively driven 
so that all three bowls revolve at the same 
circumferential speed. An elastic uniform pres¬ 
sure at the nips of the bowls is secured by means 
of compound levers and weights fitted to strong 
aide frames acting on the steel end cores of the 
bowls. 

Friction Starch- Mangle .—This machine is used 
when fairly heavy fillings are used to fill up com¬ 
pletely the meshes of the cloth and to secure a 
full, solid and stiff finished effect. It is a two- 
bowl mangle, the lower bowl being made of 
cotton and the upper one of brass. The lower 
bowl is partly immersed in the filling mixture 
contained in the starch box, and, as it revolves, 
it carries round to the nip a portion of the filling 
mixture. The speed of travel of the cloth is 
about the same as that of the brass bowl, but 
greater than that of the cotton bowl. After 
passing over tension rails and an opening bar, 
the cloth passes direct between the two bowls 
and, as the surface speed of the cotton bowl is 
slower than that of the brass bowl, a combined 
friction or rubbing effect with pressure develops 
between the cotton bowl and the cloth, whereby 
the interstices between warp and weft and the 
fibres themselves are filled up completely with 
the starch. The amount of friction set up can 
be varied at will by the use of change wheels. 

Back-Filling Mangles .—Certain kinds of white 
cloth and also many calico prints are filled or 
stiffened on the back only. For this purpose, 
a back-filling mangle is used. The cloth is 
drawn over tension bars and a crease rail; its 
face is then brought into close contact with the 
underside of a large bowl; part of the latter 
revolves in a starch mixture contained in a 
starch box, so that the back of the cloth takes 
up the starch filling, the face being protected by 
close contact with the bowl; surplus starch js 
removed from the cloth, as it leaves the bowl. 
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by means of a scraper or doctor, whilst another 
doctor scrapes the surface of the roller clean 
before it re-enters the starch mixture in the 
box. Another method of back starching or fill¬ 
ing involves the following arrangement—A 
brass feeding roller revolving.in the starch mix¬ 
ture feeds the latter to a brass starching roller 
which supplies the material to the underside of 
the travelling cloth. Adjustable side rollers 
are used to depress a given area of cloth on to 
the starch roller and a doctor removes surplus 
starch from the starch roller; the starch paste 
may be stirred by mechanical means. 

hiLLiNQ OR Weiohtino. —When it is necessary 
to increase considerably the normal weight of a 
fabric, it is customary to impregnate the material 
with a glutinous mixture containing one or more 
so-called weighting agents, e.g. china clay, mag¬ 
nesium sulphate, etc. Jn certain cases, a thin 
filling consisting mainly of a strong solution of 
magnesium sulphate is used. Fillings of this 
kind are generally applied by means of a three- 
bo W'l starch mangle. 

Drying. —The cloth is dried immediately after 
stiffening or filling; it is often carried out by 
passing the cloth over a series of steam-heated 
cylinders. In large scale work, so-called finish¬ 
ing ranges, each consisting of a starch mangle 
etc., and drying arrangement, arc in use; tlie 
driving mechanism is designed to enable the 
cloth to pass through the starch mangle and over 
the drying cylinders at the same rate of speed. 
In some cases a short s ten ter (stretching ap¬ 
paratus) is placed between the starch or filling 
mangle and the drying machine, so that stretch¬ 
ing immediately follows the stiffening, or filling 
operation. This arrangement is especially use¬ 
ful when printed goods exhibiting check or 
border designs are being finished, as well as in 
other cases where a straight weft and a definite 
finished fabric weight are required. Drying by 
means of hot air is essential in many cases. 
Usually, the cloth is drawn forward over guide 
rollers in a closed chamber, while a current of 
heated air is directed against it. Drying in con¬ 
junction with stretching, i.e. while the cloth is 
passing through a stenter, is also carried on with 
many woven structures. In this case, hot air is 
blown downwards and upwards through the 
travelling cloth. Finishing ranges comprising 
a starch mangle, a few steam-heated drying 
cylinders, a compensator mechanism to regulate 
the speed of the cloth between the cylinder dry¬ 
ing machine and a stenter, are very largely used 
in the finishing of a wide variety of bleached, 
dyed and printed cloths, especially goods that 
do not require much stiffening. After being 
drawn through a finishing mixture contained in a 
starch box, the cloth is squeezed and then passed 
over a few steam-heated cylinders in order to 
raise the temperature of the cloth and start eva¬ 
poration of the water present in the applied 
starchy, etc., finishing mixture. Next, the cloth 
is passed over a speed compensator apparatus 
direct to the stenter, where it is gripped at the 
selvedges and stretched to the required width 
while passing continuously forward to the exit 
end of the machine; during its passage through 
the stenter, hot air currents are directed on the 
under and upper sides of the cloth, whilst, at the 


same time, a to- and fro-movement can be given 
to the cloth (jigging) while it is held tightly in 
the stenter clips; this action imparts an elastic 
finish to the cloth. Also, a weft straightening 
appliance is attached now to most high grade 
modem stenters. 

Conditioning, Dampening, Breaking.—^A n 
operation included under one of these terms 
usually takes place before subjecting the 
starched or filled and dried cloth to any treat¬ 
ment which involves the use of pressure or 
friction. Its object is to impart a mellow feel 
to oeiiulosic and silk fabrics. Some varieties of 
starched or filled cloths, however, do not require 
dampening before calendering, but, in such cases, 
it is advisable to allow the dried cloth to lie 
exposed to air before it is calendered. The 
two best-known types of machines used for con¬ 
ditioning cellulosic fabrics, work on the brush 
and spray systems, respectively. In the brush 
machine, a circular brush of bristles or copper 
spikes is caused to revolve at a high speed in 
contact with water in a trough. As a result, 
water is thrown upwards against two hinged 
I lids whidi can be closed together in the centre. 
By adjusting the size of opening between the 
lids, it is possible to apply almost any degree 
of dampness to the cloth as it is drawn rapidly 
in a horizontal plane above the opening. In the 
spray machine, water under pressure is dis¬ 
charged from a special nozzle on to an inclined 
disc w’hich atomises and directs it on to the 
underside of the travelling cloth. 

Frinted cloth is often conditioned slightly and 
stretched on a stenter provided with a weft- 
straightening motion. In this type of machine, 
dampening boxes, containing perforated steam 
pipes covered with gauze, supply the requisite 
moisture w^hile the cloth is drawn over them; 
or it may be passed through a steaming box im¬ 
mediately before entering the stenter. The 
travelling cloth is dried by means of a series of 
steam-heated gilled pipes fitted underneath the 
stenter. 

Strkt(’hing. —Most cloths shrink in wddth 
and increase in length during wet-processing 
operations and, in accordance with the mer¬ 
chants’ instructions, the finisher is required to 
deliver different batches of cloth at definite 
widths which are generally less than the original 
widths of the woven cloth. It is invariably the 
practice in all the operations immediately 
following wet-processing to apply tension weft 
way at every opportunity before the final 
stretching operation is carried out. Two main 
methods of effecting the latter operation are in 
use, viz, stenter stretching and belt stretching. 
Stretching by means of a stenter is the most im¬ 
portant method and has been almost universally 
adopted. It is carried out by stenters of the 
t 3 rpes already described on pp. 185c, and 187a. 
Belt stretching is conducted by means of a 
machine in which the two selvedges of the 
cloth are gripped tightly on the left and right, 
respectively, between the rims of two large 
pulleys and the belts running over them. The 
pulleys are placed at an angle so that the width 
between their rims at the entry end of the 
machine is less than that at the-entry end of the 
machine, and this difference may be increased 
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or reduced by a screw arrangement as required. 
Additional stretching rings ai’e provided to 
enable the cloth to be stretcihed across the 
whole width. 

Calendering. —This is practically the last 
main operation to which all classes of oellulosic 
and silk goods are subjected in finishing pro¬ 
cesses. Innumerable cffecd-s, which are governed 
largely, of course, by the amount and nature of 
the filling introduced at tlie starc^h mangle, 
padding box, etc., varying in handle from a soft 
mellow feel to a somewhat hard feel, e.g. 
buckram, and in lustre from a com])arativcly 
dull surface to one resembling polished glass, 
can be obtained by the correct i'hoice of 
calenders. A calendering operation is .somewhat 
similar in elementary principles to those under¬ 
lying the use of the ordinary domestic iron. 
The simplest type t)f calender consists of bowls 
in vertical alignment, one of which (middle) is 
of highly polished and trued chilled iron and the 
other two of cotton. The steel centres ami ends 
need to be ex(!eptionally strong so as to enable 
them to withstand heavy shocks and fatigue 
while in use. The bowls are supported by their 
ends in bearings held in a strong cast-iron .side 
frame; in some types, roller bearings arc* used. 
The bowls can be raised or lowered, and pressure 
is applied to the nips by means of compound 
levers and weights with regulating screws; or 
a “ dead-.set ” pressure may be applied. 

All calenders an* provided with tension rails 
for entering the (!loth and batching apparatus 
for winding the calendered cloth into a roll. 
When a high degree of lustre is reejuired on cer¬ 
tain cloths, at least one of the chilled iron bowls 
is provided w’ith an arrangement whereby it 
can be heated internally by steam, or a con- 
pressed air and gas mixture may be used. 

Friction calenders, light or heavy, working 
on the same principles as friction-starch- 
mangles, but of greatly increased strength (r/. 
p. 186(i) are largely used for prod\icing a ghw.ed 
face-finish on grey finished cloths, dyed and 
printed goods, bookbinding and tracing cloths, 
etc. In order to prevent the cloth from slipping 
while passing between th(^ nips, the metal bowls 
are geared together. 

Multiple bowl ordinary calenders, provided 
(a) with at least one metal bowl, which can be 
heated by combustion of a mixture of compressed 
air and gas, or {h) with two or more bowls ar¬ 
ranged for heating with steam, are used in 
various sections of the textile and paper finishing 
industries. The bowls are made of chilled iron, 
cast iron, steel, brass, cotton, linen, or woollen 
paper, and are used in various combinations to 
suit the particular type of fabric which is to be 
calendered. 

So-called universal calenders also are in use; 
they are designed to be used for various pur¬ 
poses, e,g. cold calendering, swissing, chasing, 
etc., but for heavy pressure work it is best to 
use special types. The chief technical terms 
used in calendering, etc., and their definitions 
are: 

Smssing .—A method of imparting a soft and 
mellow feel to oellulosic fabrics, e.g. many kinds 
of printed cloths, as well as white, dyed and 
coloured woven goods. An ordinary three-bowl 


calender with one chilled iron bowl working 
between two cotton bowls is commonly used. 
If desired, the iron bowl can be heated by steam. 

Chasing .—The ])roduction of a thready, 
lustrous, imitation l)eotle-finished effect on 
cotton, etc,, cloth. The cloth, in multiple folds, 
is passed continuously through a calender with 
five or more bowls, e.g. two of chilled iron (one 
of which can be heated) and three of cotton. 

Chesting .—A method of imparting a thready 
and water-mark(5d or moire finished effect. It 
is produced by passing the ('loth, from bottom 
to top, between a series of calender bowls, and 
then batching, i.e. winding it into a large roll of 
calendered single-ply cloth on the top bowl and 
causing the roll of cloth to revolve for some 
time under heavy pressure. This operation is 
often known as rolling or mangling. 

Schreinering .—A process of embossing the face 
of the cotton cloth with a series of continuous 
closely pa(*ked lines so as to produce a silky 
effect. The cloth, which has been conditioned 
so as to contain a little more than its normal 
moisture content, is passed between two bowls 
of a SchreiiU'r calender. The top or driving 
bowl is made of special st(*el bored centrally for 
heating with steam or gas and air; after 
})olishing to a high degree, it- is engraved with fine 
fairly deep lines or cuts usually running very 
clo.se tog(d.h(‘r round the bow^l. The number, 
and the angles of the lines, in relation to the axis 
of the bowl, vary according to the type of fabric 
to be schreincred and the twist of the warp yarn. 
In most (;ases, the angle of the engraving is 
nearly the same as that of the twist of the yarn 
so that the natural reflecting surfaces help to 
increase* the lustre produ(*ed by the embossed 
lines. A bowl for schreinering ordinary twill, 
sateen, etc., fabrics, usually is engraved with 
about 200-.‘100 lines per in., but for the produc¬ 
tion of the highest degree of lustre, a bowl having 
500 lines per in. may be used. The lower bowl 
is much larger in diameter than the steel bowl; 
it is usually made of hard pressed cotton or 
wo(jllen paper. A so-called spun-glass finished 
effect can be obtained by setting up friction 
while the cloth is under great pressure. In this 
arrangement, the steel bowl is engraved with 
(Huicentric lines at right angles to its axis; it 
impresses the lines on the cloth parallel to the 
wuirp threads and the new surface thus obtained 
is polished by the friction set up between the 
bowls; friction wheels are available to impart 
the requisite amount of friction. 

Beetling. —A method of imparting a smooth 
and thready effect to many kinds of linen and 
cotton cloths. The operation tends also to close 
up the interstices between the warp and weft 
threads. Several webs or pieces of conditioned 
cloth are wound on to a roller and the roll then 
caused to revolve slowly while a series of heavy 
wooden rounded-end “ fallers ” drop one after 
another on to the cloth and are immediately 
lifted by a cam attached to a revolving shaft; 
the fall and lift movements go on continually 
while the rolls are caused to move laterally 
about 3 in. during the operation. Metal ham¬ 
mers, attached to a specially designed machine, 
enable the process to be completed more quickly 
than with the wooden hammer type of machine, 
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owing to the rapidity with which elastic blows 
from the hammers fall on the cloth. The finished 
effect, however, is not considered to be as attrac¬ 
tive as that produced by wooden fallors. 

Embossing. —Imprinting a design cut in a 
steel bowl on to the surface of cloth. This 
operation is analogous to schroinering, btit the 
lines on the steel bowl are coarsely engraved 
and they number only about 150-250 per in. 
Bowls with lines cut at an angle of about 45° 
are (jommonly used for embossing bookbinding 
cloth. In contrast, ap])ropriate lines may be 
cut at the usual angles on the steel bowls and 
then portions of the lines cut. away and a figure 
engraved intaglio. These bowls give a less 
lustrous effect at the figuriMl portions; again, 
only the figured portions may be engraved with 
fine lines, thus giving lustred figure effects on a 
smooth ground. 

Finishing Materials. 

A large choice of compounds suitable for use 
as stiffening, filling, softening, etc., agents for 
cellulosic cloths is available. They may be 
classified as ( 1 ) stiffening and binding agents; 
( 2 ) filling and weighting materials ; (3) softening 
and emulsifying agents; and (4) miscellaneous 
substances. Some of the materials in one group 
may also act as members of another group. 
Thus, although glycerol is a softening agent, 
it also acts, by virtue of its hygroscopic* nature, 
as a weighting agent. The chief materials in 
each of the groups are; (1) Potato, maize, 
wheat and rice starches; also sago and wheaten 
flours. (2) China clay, mineral white (cal¬ 
cium sulphate), French chalk or talc and a 
related American product known as talc clay 


(hydrated magnesium silicate), magnesium sul¬ 
phate, etc. (3) Soaps, especially castor oil 
soap, Turkey red oils of various grades of sul- 
phation and sulphonation, sulphated higher 
aliphatic alcohols, various proprietary com¬ 
pounds (X)ntaining long-chain aliphatic groups, 
e.g. synthetic higher fatty acid esters of glycerol, 
glycol derivatives, etc. (4) Glycerol and gly¬ 
cerol substitutes and zinc and magnesium 
(;hloridc 8 (hj^groscopic agents); salicylic acid 
derivatives, e.g. “ Shirlan ” (antiseptics); natural 
and synthetic waxes (glazing and softening 
agents); various water-, fire- and moth-proofing 
substances; wetting-out and anti-crease agents, 
etc.; ultramarine and various blue and violet 
dyes (tinting agents); cellulose derivatives in¬ 
cluding cellulose nitrate lacquers; also many 
other substances. 

pREPAKATlON OF FINISHING PASTES, ET(^.- 

Ordinary finishing pastes are made in round or 
square tanks provided with mechanical agitators 
and means for heating the pastes l)y direct or 
indirect st€*:am. Starc^hes are first mixed uni- 
formily with cold water and then boiled well 
during agitation; flour is first mixed to a 
smooth paste with cold water, then thinned by 
the addition of more water and boiled; the 
other ingredients are added as required. The 
concentrations of starch, etc., used, vary con- 
consideraV)ly according to the nature of the cloth 
to be stiffened and the kind of finished effect 
required. Starch pastes should be entirely free 
from lumps before they are placed in the box of 
the starch mangle. 

Main Divisions of Cotton Cloth Kinish- 
IN(}. —A rough classification of the chief divisions 
into which the finishing of cotton cloths may be 
grouped is given in the following diagram— 


Raw or Grey Cotton Cloths including Cloths containing Woven Coloured Effects. 
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Examples of the technique followed in pro¬ 
ducing various kinds of finished effects are as 
follows: 

Heavy Grey Sheeting. —The cloth is 
stiffened on a friction starch-mangle with a 
paste containing about 12% white dextrin, 
1 -5% maize starch, previously boiled together, 
with addition of about J% glycerol, J% Turkey 
Red oil. Finally it is dried and passed through 
one calender. 

Cotton Cloth Dyed in the Grey State.— 
The cloth is first calendered and then impreg¬ 
nated with a solution made by dissolving i cwt. 
Glauber's salt in 3 gallons water containing 3 
quarts each 48''Tw. magnesium chloride and 
100°Tw. zinc chloride and then adding suffic ient 
magnesium sulphate to give, on cooling, a 5.5®Tw. 
solution. Drying and calendering complete the 
process. 

Grey Cloths with Colohred Chec’ks or 
Borders. —The cloth is impregnated, on the 
starch mangle, with magnesium sulphate, etc., 
solution or with a starch paste which may or 
may not contain magnesium sulphate. It is then 
dried on steam-heated cylinders, stretched on a 
short stenter with a weft straightening attach¬ 
ment and finally calendered as dcsircxl. 

Bleached Cotton Cloths.—( 1 ) Soft Hand- 
kerchief Finish. —The bleached cotton is water- 
mangled, dried, conditioned, stretched (belt 
stretching machine) and Swiss calendered on 
both sides by passing through a multiple bowl 
ca’ender. 

(2) Bottle Finish. —The blcac;hed cloth is 
water-mangled (with ultramarine blue in the 
box) dried, dampened, stretched, calendered 
(chased) and beetled for 15 minutes each end. 

(3) Stiff Finished Effects. —The degree of 
stiffness is varied accorclirig to requirements by 
using pastes made from mixtures of starches 
and dextrin in different proportions; in a few 
cases, small amounts of mineral weighting 
agents are used; Turkey Red oil or other suit¬ 
able agents are usually added to the pastes to 
soften the harsh effect imparted by the starch, 
etc., and ultramarine blue is added to counteract 
the slightly yellowish tint of the fabrics and 
the resultant starch films produced during drying 
of the filled material. The general procedure 
in nearly all cases is as follows : Water-mangling, 
drying, filling or starching; stretching, drying, 
cooling, dampening and calendering. By vary¬ 
ing the nature and concentration of the filling 
pastes, and using suitable cold or hot calenders 
to give gloss, compactness, friction effects, etc., 
a Imost any kind of finished effect can be obtained. 

Finished Effects on Dyed and Printed 
Cloths 

The Pjj of a finishing paste may influence the 
tone of the colour of the dyed cloth. Conse¬ 
quently, it is beat to use neutral mixtures or, 
in some cases, e.g. sulphur dyeings, slightly 
alkaline pastes. Mercerised cloths, e.g. shirting 
and handkerchief cloths, etc., are rarely filled 
with starchy substances which yield harsh 
opaque films on drying, because such cloths 
need to exhibit lustre and possess a soft handle. 
This statement applies to all cloths which should 
possess a soft mellow handle. When a dyed 


cloth is required to possess a stiff handle, the 
filling itself is often dyed, e.g. it is mixed with 
an appropriate dye solution. Thus, some black- 
dyed cloths of this kind are filled with a starch- 
dextrin paste which has been coloured with a 
direct cotton black dye. The operations and 
their sequence are similar to those described 
under the finishing of bleached cloth. When a 
special finished effect, e.g. an embossed effect, 
is required, it is common practice first to pass 
the cloth through the usual operations, in order 
to help to close up the spaces l>etween w'arp 
and weft and flatten the surface threads. The 
special eflect is then obtained by a final mechani¬ 
cal treatment designed for the purpose, e.g. 
embossing. 

Several types of printed cotton cloths are back¬ 
filled. The usual procedure is as follows—The 
dry cloth is back-filled with a starch paste- 
china clay mixture containing a little softening 
agent and ultramarine bine. Tt is then dried, 
coole<l, conditioned, stretched if necessary, and 
finally })aH 8 ed through an ordinary cold swissing 
(‘alender. 

^)HIRTIN(} Cloths containing Woven 
Coloitrkd Stripes. —The dyes used for the 
coloured yarns in good quality shirting cloths 
are gent'rally of the vat and azoic classes, so 
that such cloths are able to withstand scouring 
with alkali and bleaching with hypochlorites 
without the dyes bleeding on to adjacent parts 
of the fabrics; this defect may occur, however, 
if the goods, while wet, are allowed to lie about 
in heaps. A tyi)ical complete wet-processing 
an<l finishing procedure is as follow’s : Singeing, 
desizing, rinsing, lye-boiling in open-kiers 
(about 100 lb. soda ash and 20 lb. soap for 3-4 
tons of cloth), bleaching (T’Tw. bleaching 
powTler solution at 80"F. for 1 hour), rinsing, 
scutching, drying, impregnating with a softening 
agent, stentering, chase-calendering, pre-shrink- 
ing, e.g. Sanforising or Rigmelising {see p. 193), 
and making up for sale. 

“ Permanent ” Finished Effects on Cot¬ 
ton AND Linen. —Cotton and some other cellu- 
losic fibres may be caused to exhibit distinctive 
finished effects either by ( 1 ) direct chemical 
action and/or solvent action on the fibre; ( 2 ) 
by the introduction of chemical compounds, 
usually via solutions or emulsions into and/or 
on the fibres, followed by removal of the dis¬ 
persing medium; in the latter case, a subsequent 
heat treatment may be used to induce a final 
chemical change between suitable compounds 
deposited or precipitated on the fibres; and 
(3) by mechanical means, e.g. the Sanforised 
and Rigmel finishes. 

Effects produced by any of the methods used 
in the three classes are either permanent or 
semi-permanent to washing, etc., during a 
normal period of use. Many permanent finished 
effects are obtained in cases where the main 
object is to render fabrics impervious to water 
{see “ Waterproofing,” p, 197c). 

(1 ) Permanent Effects Produced by Direct 
Chemical and/or Solvent Action on 
Cellulose. 

Transhmntf Parchmenty and Wool-Like Effects, 
—A short treatment of cotton cloth with cold 
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10°Tw. sulphuric acid, followed by washing I 
yields a semi-translucent slightly stiif fabric; 
both stiffness and translucency, i.c. parch- 
mentisation effects, increase considerably if acid 
of higher concentration is used, but at the same 
time, the action of the acid is more difficult to 
control. As a result, the commercial application 
of the process is mainly confined to the use of 
acid of medium concentrations for the pro¬ 
duction of so-called Organdie or Heberlein 
effects. Fabrics which have been treated in this 
way, absorb dye with the same avidity as 
mercerised cotton ; the best results are obtained 
on scoured and bleached material. Sulphuric 
acid below 90°Tw. has only a slight parchmen- 
tising effect on cotton, although the treated 
material has an increased affinity for dyes. 
Alternate treatments of cotton with cold lOS^Tw. 
sulphuric acid (followed by washing and removal 
of excess water), and with 50°Tw. caustic soda 
solution, cause it to exhibit a wool-like handle 
and appearance. Nitric acid or mixtures of this 
with sulphuric acid, concentrated phosphoric 
acid, 142®Tw. zinc chloride solution, cuprain- 
monia, substituted quaternary ammonium 
bases, etc., may be used instead of sulphuric 
acid. The treatment with mineral acids is best 
carried out at about 0°C., but higher tempera¬ 
tures may be used, provided that substances 
which slow down the swelling power and normal 
hydrolytic action of mineral acids, etc;., on cotton 
cellulose, are added to the impregnating baths; 
such substances as glycerol, pyridine, alcohol, 
etc., have been suggested for this purpose; 
some of them tend to soften the parchmentising 
effect produced by the action of acids alone. 
Other agents used for the same purpose are 
formaldehyde, ammonium sulphate, etc. Mix¬ 
tures of formaldehyde and sulphuric acid may 
be applied to cotton in order to produce a crepe 
effect, whilst excellent imitation damask weave 
effects can be obtained by printing cloth with 
thickened mixtures of these (iompounds. That 
there are innumerable ways in w hich a combina¬ 
tion of parchmentising and mercerising opera¬ 
tions can be utilised to give different finished 
effects and the wide choice of compounds avail¬ 
able for the purpose, will be obvious, but with 
the reservation that when cotton has been 
swollen by any process it is far more susceptible 
to degradation by subsequent treatment, 
especially those that tend to induce hydrolysis. 
A process termed “ Philanising ” for imparting 
to cotton the characteristic features of wool was 
patented a few years ago. It consisted in the 
treatment of cotton cloth direct from the loom, 
i.e. cloth containing natural and artificial im¬ 
purities, with cold (>B5%) nitric acid, followed 
by washing, and bleaching with sodium 
peroxide. In general, when the swelling of 
cotton takes place without tension, wool-like 
effects are to be expected, but if the fibre is 
swollen and subjected to tension, a wide range 
of effects, varying from those of the slightly 
stiff semi-translucent types to comparatively 
soft, smooth, lustrous semi-transparent types, 
is obtainable. 

Resist Effects against Substantive Dyes .—^The 
most satisfactory method of modifying cotton 
so that it will not dye with substantive (direct) 


,dyeB, is to convert it into cellulose monoacetate 
which, apart from its sensitivity to alkali, may 
bo regarded as a permanent finish. This effect, 
originally introduced by the Sandoz Chemical 
Co., Ltd., is usually produced in the form of 
treated ordinary or mercerised yarns; if desired, 
the yarns may be dyed before conversion into 
cellulose monoacetatc, suitable dyes being used 
for the purpose, and subsequently woven along 
with ordinary yarns which are then dyed in con¬ 
trasting colours, thus yielding multicoloured 
fabrics. The resist yarns are known as “ Kotopa*' 
and Krestol ” yarns. 

Pernuinent Finished Effects produced by the 
Action of Solvents. —One of the earliest methods 
of producing a surface modification of cotton 
fabrics was dependent on the controlled solvent 
action of cuprammonium, followed by treatment 
with acid or other suitable coagulant, washing, 
calendering and drying. Fabrics treated in this 
way are often known as Willesden fabrics. They 
are somewhat stiff, pale green in colour owing 
to the presence of cupric cellulose complexes, 
and fairly resistant to water and to attack by 
lower organisms. A simple modern modification 
of the process involves the padding of the 
cloth with a dispersion of cellulose in cupram¬ 
monium, followed by drying to precipitate the 
dispersed phase; if desired, trim ethyl benzyl- 
ammonium hydroxide {‘■'Triton B ”) may be used 
in place of cuprammonium. 

(2) “ Permanent ” Finished Effects 
Produced by Synthetic Resins 

The use of a synthetic resin in finishing cotton 
cloth was first practised on a large scale by 
Tootall Broadhurst Lee Co. Ltd., of Manchester 
{see also p. 198d). This firm discovered that the 
normal creasing property of cotton was reduced 
considerably by inpregnating cloth with a small 
percentage of urea and formaldehyde in presence 
of a catalyst and then inducing a medium 
degree of polymerisation of the simple initial 
condensate by heating the cloth momentarily 
at a high temperature, e.g. about 150°C. This 
practice results in the formation of an insoluble 
resinous polymer throughout the fibre structure ; 
the degree of polymerisation of the resin 
apparently governs the nature of the physical 
effects exhibited by the treated fabric. The 
best results are said to be obtained by using an 
impregnating solution containing an organic 
acid catalyst, e.g. tartaric acid, and sufficient 
ethanolamine to render the liquid neutral. After 
the perfectly dry cloth has been impregnated, 
it is dried and the final condensation of the 
resin eff'e<!ted as already indicated. The treated 
fabric is more resilient, wool-like and less 
creasable than the original fabric. The interest 
created by the publication of the patent specifi¬ 
cations, and the exploitation of the process for 
the production mainly of crease-resistant 
finished effects by the Tootal Broadhurst Lee 
Co. Ltd. process have resulted in the granting 
of a large number of patents for new methods of 
finishing textiles with synthetic resins; for 
example, the more highly polymerised urea- 
: formaldehyde resins are used as surface coatings 
I on various fabrics and for producing anti-slip 
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finished effects on rayon cloths. In general, 
the use of suitable synthetic resins, formed 
in situ on cloth, results, after calendering, 
embossing, etc,, in the devek)pment of finished 
effects of good resistance to Avashing. Acid 
dyes can be applied to (rottoii and rendered fast 
to washing by similar means, i.e. dyes which 
dye only the resin can be used and the resin 
treatment may take place before or after dyeing 
and/or printing. Again, pattern effc(‘t8 may Ix^ 
produced by printing on the cloth a resist, e.y. 
citric; acid, which prevents the formation of the 
resin polymer at the printed parts. Further, 
more tenacious yarns and fabrics are produced 
and a permanent weighting of up to 20% may 
be incorporated. Other directions in which 
synthetic resins are being used in the textile 
industry include the manufacture of multi-ply 
fabrics for collars, etc., which can be washc;cl 
easily. Also, the use of staple fibre (spun rayon) 
will probably expand more rapidly as a result 
of the new technicjue of producing permanent 
finished effects on the woven c-loth with syn¬ 
thetic resins. It has been found, for example, 
that ordinary spun rayon fabrics, after ordinary 
shrinkage, shrink further on Avashing, but 
when finished with a suitable synthetic resin 
they are unaffected on washing. Apart from 
the practice of forming the resin within the 
fibre substance, it is possible to produc;e clc;ar 
continuous resinous films on the surfac'e of the 
cloth. The general finished effects produced 
by the formation of synthetic resins on, and in, 
textiles, are brighter, clearer, more or less 
permanent and faster to washing than ordinary 
effects produced by long established methods. 
In addition to the urea-formaldehyde resins, 
it has been demonstrated during the past feAv 
years that the complex compounds, formed by 
polymerisation and condensation of methacrylic 
esters: glycerol-phthalic acid, vinyl < hloride- 
vinyl acetate, melamine-formaldehyde, quater¬ 
nary ammonium-formaldehydc-highcr fatty 
acid complexes, etc., are a aluable agents for the 
production of permanent and other finished 
effects on cotton and other fibrous materials. 
The resinous methacrylic ester polymers, for 
example, arc formed at comparatively low 
temperatures and are of especial interest, there¬ 
fore, in the finishing of silk, wool, ('asein fibres, 
cellulose acetate rayon, etc. A considerable 
number of commercial materials for producing 
resins of different degrees of polymerisation is 
now available, and the “ permanent ” finished 
effects on textiles obtainable with their aid 
vary to such an extent that nearly all the re¬ 
quirements of the public as regards appearance, 
durability, handle, fastness of tlyeings to wash¬ 
ing, etc., can be obtained Avith comparative ease. 
In addition, the treatment with synthetic resins 
of yams and fabric intended for the manu¬ 
facture of hose pipes and other articles which 
must be resistent to petrol, oils, etc., has already 
met with a certain amount of success. Some of 
the commercial products are soluble in water; 
some are sent out as aqueous emulsions, whilst 
others are soluble only in organic solvents, e.g. 
carbon tetrachloride. (“ Permanent ” finish^ 
effects of the water-repellant type are described 
under “ Waterproofing,”, p. 197.) 


“ Permanent ” Finished I>feots pro¬ 
duced WITH Oeixulose Ethers.—V arious com¬ 
mercial brands of cellulose ethers and hydroxy- 
ethers sold under proprietary names have been 
advo(;ated for use in different branches of the 
textile finishing industry for the past few years. 
The most important of these products are the 
hydroxyethoxy-derivatives of (^elhdose. They 
are usually classified as alkali- and water- 
soluble cellulose others, corresponding with 
products containing medium and comparatively 
high hydroxyalkoxy-contents. Methylcellu- 
loses having s(miewhat similar pro|x;rties appear 
to be more suitable for use as thickening agents 
for special styles in calico printing than as 
finishing materials, although they have been in 
commerce for a much longer period than the 
hydroxyethoxy-derivatives. The caustic alkali- 
soluble type of the latter is the most suitable 
product for use on (;ellulosic cloths in the dcA^elop- 
mont of finished effects reasonably fast to washing, 
wear, etc. It dissolves in 5-10% caustic; socla 
solution at low temperatures, e.g. S'C., to give 
fairly (;lear working solutions of about 2-7% 
concentration ; higlu'r concentrations tend to 
form gels. The clear solutions are stable at 
room temperature, but arc likely to coagulate 
at about Coagulation also takes place 

readily in presence of acids, salts and con¬ 
centrated caustic soda solution. The cellulose 
ethers are remarkably stable when (jompared 
with cellulose esters. Consequcjitly, they may 
be applied to (*otton cloth cither before, during 
or after the normal bleai'hing process. 

According to Craik and Davis (J. So(;. Dyers 
and Col., 1939, 55, 597), the product obtained 
by etherifying alkali t;ellulose with one molecule 
ethcriiying agent, e.g. ethylene oxide, per four 
molecules, C^jHjqOq, is soluble in 5-10% caustic 
soda solution at ordinary temperature and is 
the most satisfactory of the cellulose ethers for 
use in producing permanent finishe.d effects on 
cotton. 

Craik and Davis (l.c.) give the following list 
of uses of this type of (;ellulose ether—Imparting 
linen-like finished effects to cotton ; stiffening 
cottor), jute, rayon or spun rayon staple fibre ; 
holding fillers or pigments in suspension up to a 
maximum of three parts filler to one part cellu¬ 
lose (dher; dou bling cloths ; preparation of 
bookcloth, window hollands, photographic cloth 
and pigmented fabrics, etc. 

Three methods of application of cellulose 
ethers are in use, viz. (a) a dispersion of about 
3-5% cellulose ether in caustic soda solution 
is used alone for inparting linen-like effects to 
cotton cloth; (5) a cellulose ether is used as a 
medium for enabling heavy fillings, e.g. china 
clay, talc, etc., to bo applied to low grades of 
cloth; such filling should not dust out when the 
filled cloth is torn or rubbed, and the new pro¬ 
ducts are far superior to starch for producing 
fairly satisfactory laundry-resistant effects; 
(c) cellulose ether dispersions, with or without 
Ming agent, containing soap or foam-producing 
material are beaten into a foam and applied to 
cloth by the usual means whereby the ether, on 
immediate subsequent precipitation by means 
of acid or salt solutions, assumes an open or 
cellular form; in this method, high concentra- 
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tions of the ethers may be used without making 
the treated cloth too stiff. In most methods, 
the dispersion is padded on to the cloth; in 
some cases, back-filling is employed. Subse¬ 
quent precipitation of the ether on the cloth is 
achieved by means of dilute acid; or the treated 
cloth may be dried carefully (foam method 
excepted) and then rinsed well in warm water to 
remove caustic soda. The cloth is then dried 
and/or passed through the requisite finishing 
machines, according to the final effects desired. 
Even grey cloth, immediately after singeing, 
may be impregnated with cellulose-ether dis¬ 
persions and, after coagulation, e.g. by treat¬ 
ment with acid, the cloth may be passed in rope 
form through the normal bleaching process 
without greatly affecting the permanency of the 
celluloee-ether effect. 

Production of Permanent Finished Effects by 
Formation of Cellulose Ethers in situ on Cotton 
Cloth.—According to B.P. 439880, 476906, 
481191, and 482942, novel permanent finished 
effects, especially varying degrees of trans¬ 
parency and stiffness, can be obtained in situ 
on cotton cloth by the action of etherifying 
agents, e.g. ethylene oxide. The treated cloth 
can then be subjected to further finishing 
according to requirements. Various modes of 
etherifying the cotton cloth have been described 
by Lawrie, Reynolds and Ward (J. Soc. Dyers 
and Col. 1939, 56, 6). Thus, cloth is impreg¬ 
nated with 1-2 times its weight of 9-5% caustic- 
soda solution and brought into contact with a 
solution of ethylene oxide in (a) carbon tetra¬ 
chloride or (6) brine ; or (c) a solution of ethylene 
oxide in caustic soda may be used for the initial 
impregnation; or (d) gaseous ethylene oxide 
may be allowed to act on the alkali-treated 
cloth. Subsequent operations include recovery 
of solvent (if used), neutralisation of caustic 
soda, bleaching with weak calcium hypochlorite 
solution, rinsing and drying, the final dry-finish¬ 
ing operations being determined according to 
the nature of the final effect required, e.g. 
organdie-, linen-, parchment-like effects, etc. 
The process can also be used in printing for 
obtaining window pane, damask, figured velve¬ 
teen, and lace effects, 

(3) Peemanent Finished Effects 

IhfioDuoED BY Mechanical Action. 

The Sanforising and Rigmel Processes .—In 
addition to the foregoing methods of producing 
permanent finishes by chemical means, two well- 
known methods of permanently positioning the 
threads of warp and weft in the woven structure j 
are carried out entirely by mechanical means.! 
The finished effects are known as Sanforised 
(B.P. 401617) and Rigmel finishes (B.P. 400950). 
The main object of these methods is to treat 
cotton cloths in such a manner that shrinkage, 
during laundering, of garments made from the 
finished cloth does not occur. Most cellulosic 
fabrics shrink in width and increase in length 
during scouring, bleaching, dyeing and other 
wet-processing operations owing mainly to 
(o) the release of torsional energy, (6) swelling of 
the fibres, and (c) to the pulling force commonly 
exerted lengthways. In the final finishing opera* 
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tions, therefore, it is often necessary to stretch 
the fabrics weft-way to the finished width re¬ 
quired by the merchant. This operation pro¬ 
duces a temporary set of the warp and weft 
threads and, as soon as the fabric is wetted out 
in water or soap solution, the yams swell and 
twist until the unequal strains induced by finish¬ 
ing operations are relieved and the fibres have 
adjusted themselves. The inevitable result, 
therefore, is that shrinkage in area occurs. If 
the cloths have not been stretched weft-way 
mechanically, the shrinkage, of course, is mainly 
lengthways. 

Sanforising .—Portions of the ordinary finished 
cloth are first passed through a severe laundering 
treatment and dried in order to determine the 
maximum shrinkage; the cloth is then marked 
accurately in order to check its length- and width- 
shrinkage during the process as calculated from 
the results of the laundering test. In actual 
Sanforising, the cloth is guided by electrical 
devices to rubber-grip and speed-control rolls 
in the Sanforising machine; these rolls are con¬ 
nected with variable speed gearing and shafts 
to the exit control cylinder, and by altering this 
gearing in accordance with the pre-determined 
shrinkage figures, it is possible to shrink the cloth 
mechanically and continuously to the requisite 
degree. The threads in the woven fabric are 
forced into closer contact by causing the cloth 
to adhere by pressure to the stretched surface 
of a belt in the Sanforising machine, and then 
causing contraction of the belt surface and the 
cloth in contact with it, according to the exact 
amount originally indicated by measurement of 
laundering-shrinkage. Finally, the contracted 
or shrunken cloth passes, in this state, over a 
heated exit cylinder where it is set by heat and 
pressure. As a result, the finished material 
emerges from the machine, fully shrunk in length 
and width, and exhibiting a smooth and satis¬ 
factory trade finish. 

TAe Rigmel Process. —Tw’O rollers, covered, 
for example, with rubber of 76-80® and 96-100® 
hardness, respectively, as measured on the 
Durometer, are pressed heavily together and 
caused to rotate at different speeds in opposite 
directions so as to cause distortion of the peri¬ 
phery of the soft roller. The pressure may be 
varied in degree as well as in direction. When 
a fabric is passed between the rollers, it shrinks 
longitudinally if the hard roller rotates more 
quickly than the soft roller. Conversely, an 
elongation of the fabric occurs if the peripheral 
speed of the soft roller is greater. The shrinkage 
is caused by the distorted resilient surface of 
the soft roller springing back or acting as a 
brake on the fabric in its passage from between 
the rollers, i.e. immediately it has passed the 
point of maximum pressure. Thus, the weft 
threads are forced into closer proximity to one 
another than is possible by any other process. 
The degree of shrinkage may be adjusted and 
pre-determined for any given fabric provided 
the soft roller is of sufficient thickness. 

Watebproofinq and Showerproofing. 

Two distinct systems of rendering textile 
fabrics resistant to penetration by water have 
long been in use. In one system, applicable 
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mainly to cellulosic fabrics, etc., the material 
is coated on the surface with a homogeneous, 
continuous layer of various substances, e,g, 
rubber, or impregnated throughout its mass with 
oils and waxes, synthetic resins, etc., which, on 
subsequent treatment, yield fabrics that are 
impervious to water and air. In both these 
methods, the treated material invariably in¬ 
creases in weight, i.e. it is weighted as well as 
waterproofed and its physical properties are 
often altered to such an extent that it is unsuit¬ 
able for use in the manufacture of wearing 
apparel. In the second system, the threads of 
the fabrics are caused to repel water, but the 
air spaces are not closed and the natural handle 
and other physical properties are either im¬ 
proved or only slightly affected. This system 
is often termed shower- or rain-proofing and may 
be applied either to cellulose or protein fibres. 
The treated goods are eminently adapted for the 
manufacture of wearing apparel. Showerproof 
or water-repellant fabrics offer considerable 
resistance to the passage of water owing to the 
absence of active chemical groups in the water¬ 
proof film and the low surface tension of the 
latter against air. As a result, any water falling 
upon the surface of the fabric is prevented from 
forming a continuous film, i.e. it tends to collect 
in the form of globules and, consequently, does 
not easily pass through the air spaces adjacent 
to warp and weft threads. 

Waterpeoofing. 

(A) Use of Kubbeb. —A considerable number 
of different types of cellulosic and other fabrics 
are waterproofed by coating them on one or 
both sides with rubber. Ordinaiy fabrics used 
for the manufacture of raincoats may be of 
cotton, wool, union cloth, silk or rayon. In the 
best-known method of applying rubber as a 
waterproofing material, a thin coating of 
rubber “ dough ” is spread uniformly, by means 
of a spreading machine, on to one side of the 
travelling fabric ; the thickness of the coating 
is determined by the use of a gauge which con¬ 
sists essentially of a steel knife or doctor. The 
dough or paste is made by thoroughly mixing 
sheet rubber, rubber substitute, sulphur and 
mineral filling agents, in powerful masticating 
or milling machines, and converting the mass 
into sheets which are finally mixed with solvent 
naphtha until a smooth paste of about the 
same consistency as bakers' dough is obtained. 
Several thin coatings of dough may be applied 
to a fabric. The first coating is the adhesive 
coat and fills up the pores of the cloth; the 
intermediate coating or coatings supply body, 
and the final coating is termed the suiface "; 
the latter may be coloured as required, pigments 
fast to vulcanising being used.. The fabrics are 
then vulcanised cold with a solution of sulphur 
chloride in carbon disulphide. In double-texture 
proofing, the “ surface coating applied to one 
side of a piece of cloth is a special composition 
termed varnish, which enables a second cloth to be 
cemented to it by passing them together between 
suitable rollers. In this kind of proofing, c.g. 
balloon casings, the treated fabric is usually sub¬ 
jected to a hot vulcanising o^ration, e.g, at 100- 
130^0., and the rubber dough used is made fi:om 


best hard cure Para rubber without inorganic 
fillings, as these unfavourably affect the elasticity 
and durability of the rubber content. The total 
I weight of the coatings applied to baUoon cloth 
! (usually consisting of closely woyen fine Egyp¬ 
tian cotton yam) is about 12 g. per sq. metre. 
Single texture coatings are usually vulcanised 
by drawing the cloth, under tension, round a 
4 in. mahogany roller immersed in a vulcanising 
solution of 1 part SjCIo of not more than 61% 
chlorine and 60 parts camon disulphide, followed 
by drying on a steam-heated cylinder. The 
whole of this process is carried out in an en¬ 
closed chamber; next, a current of hot air is 
blown against the travelling cloth which then 
passes through a chamber containing ammonia 
vapour; at one stage in the process, it is 
brushed with farina or other suitable dusting 
material. 

In the steam-vulcanisation process, the coated 
materials are heated with steam under pressure 
at about 220-295°F. Under these conditions 
the rubber is completely vulcanised in a com¬ 
paratively short time, especially if a suitable 
accelerator has been added to the dough. 
Material which is to be proofed with rubber 
should be free from traces of copper (not >0*02%), 
and manganese and the ether extract should not 
exceed about 1-2%. The outer layer of balloon 
fabric is generally dyed a yellowish-red shade 
with vat dyes before it is coated with rubber 
in order to act as a partial protection against 
the degrading influence of light. 

(B) Use of LATEX.-r-Although a dispersion of 
natural rubber in water stabilised with ammonia 
has now been available for many years, its use 
as a waterproofing agent for textile fabrics 
does not appear to have made much progress 
owing mainly to its poor penetrating properties 
and lack of adhesiveness. Further, unlike a 
coating of rubber dough, the mbber particles 
in latex do not become semi-fluid during vul¬ 
canising. As a result, surfaces that have been 
coated with latex are not smooth and the finished 
effects are often unsatisfactory. Various means 
of overcoming these defects have been proposed, 
but, in general, the methods are more costly 
and do not yield any better results, apart, per¬ 
haps, from a slightly improved quality, com¬ 
pared with effects produced by the rubber 
dough process. On the other hand, the low 
capital cost of the plant for applying latex, com¬ 
pared with that for the rubber dough process, 
should be an important factor in the exploration 
of possible uses of latex in finishing textiles. 
Latex films or coatings are usually vulcanised 
or cured in air, or water at <100''C. In this 
process, so-called ultra-accelerators are often 
used and, as milling is unnecessary, the defect 
of scorching does not occur. Water-soluble 
ultra-accelerators, e.g, the carbon disulphide 
reaction products of dimethylamine, piperidine 
and also the suitable alkali metal xanthates 
are to be preferred when curing takes {dace in 
hot water. Apart from its use for the produc¬ 
tion of a waterproof finish, latex, either alone 
or in conjunction with other film-forming sub¬ 
stances, is finding many novel applications 
in the textile industries, but as many of them 
are in the initial stages of development, it is 
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not possible at present to form definite opinions 
regarding their utility or their influence in 
long-established finishing practice. 

(C) UsB OF Oils, Synthetic Resins, Cellu¬ 
lose Nitrate, etc. —In addition to rubber 
proofing, other methods of finishing fabrics in 
such a way as to render them impervious both to 
water and air have been in use for several 
decades. Further, the treated fabrics may be 
translucent, e,g. oiled cloth, or opaque, e.g, 
oilskins and American cloth or oil cloth, and in 
the case of the latter may exhibit coloured 
designs produced by printing and/or embossing. 

Waterproof covering materials, built up in 
special ways on woven cotton cloth or other 
suitable base, have been made for many de¬ 
cades. In most cases they are intended to 
have high resistance to wear, whilst some of 
them are designed to imitate more expensive 
covering materials. The waterproof efl'ect 
shown by such coverings is usually only one of 
several characteristic physical properties which 
are developed in the finishing processes. 

American Oilcloth and RelcUed Covering Fabrics. 
—The well-known white or pale-coloured, 
opaque, glossy cloth commonly termed oilcloth, 
and used for covering tables, etc., is made by 
applying coatings of a filling, e.g. a paste made 
by grinding china clay or lithopone in thickened 
linseed oil, to one side of a cotton fabric free 
from motes, fluff, etc., and allowing the treated 
fabric to dry at a medium temperature between 
each coating. The better qualities of cloth are 
“ rubbed down ” mechanically between each j 
coating, dusted with French chalk and calen¬ 
dered. If the coated cloth is to be printed 
with a coloured design the last coating, which | 
may contain a natural or synthetic resin, usually 
is flattened down level by means of a mechanical 
Bander or polisher. Finally, whether the cloth 
has been printed or not, it is given a protective 
coating with a special varnish and allowed to 
dry. Since this last film or coating, formed on | 
the cloth, largely determines the resistance of 
the undercoatings to wear and tear, washing, 
etc., it is necessary to use a mixture which yields 
a film not only possessing highly resistant 
properties to wear, but also sufficiently elastic 
to resist mechanical strains that tend to crack it. 

It is now a common practice to use a mixture 
containing thickened linseed oil, thickened wood 
oil and an oil-soluble synthetic resin for this 
coating. In cases where a final pure white film, 
having a smooth brilliant gloss of good resistance 
to wear, is needed, t.g. ladies* dress belts, a 
mixture prepared from thickened wood oil and 
a pale ou-soluble S 3 mthetic resin thinned with 
white spirit gives excellent results. Small 
amounts of oil-soluble metallic soaps, i.e. driers, 
are added to aU oil coatings. Cobalt linoleate 
is invariably used in the prc^uction of the palest 
films and in cases where it is important that the 
resultant films should not become yellow in 
storage or in use, although the latter effect is 
also governed by the nature of the oils and resins 
used in the coating mixture. 

Leather Cloths .—^Theee are made on similar 
principles to those governing the manufacture 
of American cloth, but the cloth used in building 
up the final material is usually dyed, and the 


coatings which are applied are coloured with 
pigments finely ground in oil. The cloth is 
finished with a matt or semi-matt surface so 
that the use of a hard film-forming varnish of 
the ordinary type is precluded. In order, how¬ 
ever, to prevent them from becoming shabby 
too quickly by the use of cleaning soaps, a final 
coating made from thickened wood oil and a 
hard synthetic resin, with or without the 
addition of thickened linseed oil, t ogether with 
the addition of a fair amount of a flattening 
medium, c.g. aluminium palmitate (a non- 
catalytic metallic soap), and china clay, give 
excellent matt or semi-matt effects. 

Artificial Leather and Leather Substitutes .— 
Various commercial products are distinguished, 
for example—(1) A rtificial leather made by apply¬ 
ing coats of cellulose nitrate lacquers to dyed 
cotton doth and subsequently embossing the sur- 
faces with designs to imitate natural leather. Ester 
gum, i.e. the glycerol ester of rosin, is usually 
incorporated in the lacquer to increase its 
adhesive properties as well as for economical 
reasons. Where a high-gloss finish is needed, 
e.g. spare motor-car tyre*covers, an additional 
finishing coat of clear lacquer containing a suit¬ 
able weather-resistant synthetic resin is applied. 
(2) Artificial leather cloth built up on a rubber- 
coated cloth. The finishing coats for this material 
need to adhere well to the rubber film and to be 
highly elastic ; they may be coloured with pig¬ 
ments and, if desired, may contain flatting 
agents. (3) Artificial leather cloth made from 
tvaste fibres, paper, waste leather, etc. An elastic 
and tenacious binder is required for the materials, 
including fillers, used in making a cloth of this 
kind, and polymerised vegetable oils, with or 
without the addition of synthetic or natural 
resins, are universally employed. The final 
finished effect is produced in an analogous 
manner to that indicated under (2). 

Oilskins, “ Oiled Silk,'' Waterproof Gauze, 
etc .—The cloth for these materials is thoroughly 
sealed, preferably with highly polymerised types 
of linseed oil containing synthetic or natural 
resins. 

Sailcloths, Fire-Hose, etc ,.—The essential re¬ 
quirements of finished hemp and cotton cloths 
used for making sails, fire-hose, etc., are highly 
efficient waterproofing, with high elasticity 
! and freedom from tackiness. Several coatings 
of so-called long-oil varnishes containing syn¬ 
thetic resins are applied to the cloth, sufficient 
time being allowed between each coating to 
enable good penetration and drying to occur. 

Heavy Waterproof Fabrics, e.g. Tarpaulins, 
Canvas Roofing, Cargo and Boat Covers, etc .— 
These need to possess good resistance to wear 
and tear, variable weather conditions and 
attack by mildew. They are usually finished 
in brown, tan, green, or dull olive shades. 
Heavy cloths, e.g. ducks, are impregnated with 
hot mixtures of solutions of waxes, pitches, 
petroleum oils, etc., in petroleum naphtha, to 
which pigments, e.g. yellow and red ochres, etc., 
and extenders, e.g. lithopone, asbestine, etc., 
are added as required. The heavier the cloth 
to be finished the lower is the amount of the 
finishing mixture, i.e. weighting, contained in 
the dri^ finished material, but in any case it 
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rarely falls below 30%. A few special types of 
waterproof coverings characterised by the 
absence of a tacky and greasy handle, but 
possessing flexibility even at low temperatures, 
and resistance to softening on warming, are 
weighted only to about 20%. In such cases, 
mixtures of hard waxes and petrolatum, to- 
gether with a little aluminium stearate as 
toughening medium, are often used ; the ratio 
of the weight of the above mixture to the w^eight 
of the solvent used is calculated, after practical 
trials, to give the requisite degree of weighting 
to the finished goods. 

Waxes are dissolved in a petroleum fraction 
having a distilling range of about 265-340‘^F., 
and a flash point of Sfi-OO^'F. The impregnating 
solution or mixture is contained in a small steam- 
jacketed box, provided with three guide rollers 
which depress the cloth into, and guide it 
through, the mixture w hich is kept at a tempera¬ 
ture of about 120°F. In one method, excess 
mixture is removed from the surfaces of the 
cloth by the pressure on them of blunt blades 
or doctors, and the cloth then passes round a 
few steam-heated cylinders where the solvent 
is removed and the liquid waxes, etc., thus 
penetrate deeply into the fibres and, on subse¬ 
quent gradual cooling, partly fill up the 
interstices between warp and weft threads. 
The effectiveness of the latter condition is 
largely dependent upon the concentration of 
the waxes, etc., in the impregnating mixture. 
This method gives good penetration, but com¬ 
plete closure of the spaces between the warp 
and weft is seldom achieved. A better method 
is first to dry the cloth over a series of steam- 
heated cylinders from which it is drawn directly 
into the impregnating bath. On leaving the 
latter, it is subjected to flexing and friction by 
drawing it over a series of six staggered steel 
rollers, and the cooling effect caused by the 
travel of the cloth, effects an increase in the vis¬ 
cosity of the waterproofing medium which, in 
conjunction with the action of the steel rollers, 
yields a more fully closed waterproof effect than 
the method described previously. Many other 
variations of the methods are in use, e.g. the j 
padding method, in which the cloth is squeezed 
as soon as it emerges from the impregnating 
bath. The rollers of machines of this type are 
often made now of synthetic rubber which is 
only slightly affected by the solvent in the im¬ 
pregnating mixture. In certain other methods, 
a pasty wax-impregnating mixture is applied 
to one or both surfaces of the cloth; the cloth 
is then passed over cooling rollers and dried in a 
hot flue. 

The real effectiveness of all waterproofing 
methods is dependent largely on the con¬ 
centration and efficiency of the water-repellant 
agents used, and the penetrating power of the 
carrying medium, t.c. the solvent or other dis¬ 
persing agent, on the nature of the cloth to be 
treated, i.e. whether close or open mesh, and 
whether made from tightly or loosely spun yams, 
on its weight per unit area, and the particular 
method of, and the t 3 rpe of machine used, in 
appl 3 dng the dispersion of waterproofing 
materials. In general, the best methods are 
obtained when heavy cloths are completely im¬ 


pregnated with hot moderately concentrated 
solutions; if the concentration of the water¬ 
proofing agents is reduced below a minimum 
point, the effects obtained are of the porous 
showerproof or water-repellant type. When 
the waterproofing medium is applied to one or 
both sides of the cloth, i.e. the so-called coating 
process, the resultant continuous waterproof 
homogeneous films often show poor resistance 
to wear and tear, especially in the case of wax 
coatings; if the film breaks, the material soon 
ceases to exhibit water-repellanoy. Coating 
nu‘thods in which solutions of wax, etc., are 
used, find considerable application, however, 
in the finishing of low-weight cloths of fairly 
open textures. An example of a method of 
waterproofing (and weighting) heavy canvas 
cloth for use as an out-of-doors protective 
covering material is as follows : 23 lb. petrola¬ 
tum, m.p. 135°F., and 20 lb. paraffin wax, m.p. 
124°F., arc melted in an electrically heated pan ; 
30 lb. petroleum bitumen are added and the 
whole stirred until the latter has dissolved. 
Finally, the mixture is poured through a sieve 
and allowed to cool. When recpiired for use, 
definite weights of the product are heated 
gently and thinned with varying amounts of a 
suitable petroleum oil fraction according to the 
kind of finish required, the typo of canvas, etc., 
to be impregnated, and whether or not the 
material passes between squeezing rollers after 
leaving the impregnating box. An average 
concentration is about 50%. This mixture 
yields a brownish coloured finish which may be 
toned, if desired, by adding a portion of a w'ell- 
ground paste of iron oxide to the hot wax- 
bitumen preparation. Also, extenders, e.g. 
asbestine, may be added for cheaper goods. 
Impregnation of the canvas is achieved by 
drawing it, at a speed of about 40 yards per 
minute, through the mixture at 116-120®F. 
After leaving the impregnating box, the cloth 
travels a short distance horizontally to the first 
of a series of smooth steel flexing rollers, excess 
mixture Ixing removed while it is travelling 
horizontally by means of two doctor blades 
w^hich are placed a short distance apart and 
caused to press upon the two sides of the cloth 
immediately above the impregnating box, so 
that excess mixture falls back into it. After 
passing round the steel rollers, the canvas is 
looped on rods and is then conveyed by chain 
mechanism into an enclosed drying chamber 
in which the temperature is maintained at 
112°F. 

Show'erproof or Water - Repellant 
Effects. —Closely woven or dense fabrics in¬ 
variably give better results than those of a more 
open structure on treatment with water-repel¬ 
lant substances. The oldest process, which is 
still used to a considerable extent, is carried 
out by precipitating on the fibres aluminium 
salts of fatty acids of high molecular weight. 
Thus, cotton fabric is impregnated with (a) a 
solution of good quality soap containing about 
1^-2 oz. per gallon and then, after squeezing 
out excess liquor, with (b) a suitable aluminium 
salt, e.g. the acetate or formate. Operations 
(a) and (6) may be carried out in the reverse 
order. In the case of woollen and worsted 
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cloths, which frequently contain traces of 
residual soap, good water-repeUant effects can 
often be obtained merely by agitating them for 
some time in a scouring machine or dolly in 
presence of an aluminium salt, e.g. 8~10°Tw. 
aluminium acetate ; if a better effect is required, 
the cloth is impregnated subsequently with 
dilute soap solution. Finally, it is squeezed 
and dried at an elevated temperature to induce 
the deposition of a basic aluminium salt and/or 
aluminium oleate, etc., on the fibres. Another 
method consists in depositing a thin coating of 
wax on one or both sides of the fabric by bringing 
them into contact with a solution of paraffin 
wax in petrol followed by a drying operation 
and recovery of the solvent. In this method, 
the choice of w^ax or wax mixture is very im¬ 
portant in order to enable the treated material 
to retain its flexibility. Excellent results, 
however, have been obtained by this method 
for over 30 years, whereas the use of ordinary 
aqueous dispersions of wax made by crude 
methods of emulsification have seldom given 
satisfactory results. Considerable attention, 
however, has been paid by the large dye and 
other chemical manufacturers during the last 
decade to the principles of emulsification, and a 
great deal of research work has been directed 
to the production of stable emulsions of paraffin 
wax. As a result of this work, a series of pro¬ 
prietary water-repellant agents is available now 
in commerce. Several types of these products 
can be distinguished. One type consists of 
emulsions of mixtures of paraffin wax, fatty 
acids, etc., to wliich a portion of aluminium 
acetate or formate is added before use and the 
diluted aqueous mixture used in one bath, or 
the diluted wax emulsion may be applied to the 
cloth first and then, after squeezing, the 
aluminium salt solution; in another type, the 
wax emulsion already contains the requisite 
agent required for the proper fixation of the 
ingredients, and, consequently, they are suitable 
for use as one-bath impregnating agents. The 
preparation of members of both classes is 
dependent for its success largely on the careful 
control of and the use of efficient emulsifying 
compounds, {v. Emulsions, Vol. IV, p. 302c.) 

The single-bath type of showerproofing agent 
appears to be gaining in popularity in actual 
practice, as it is more stable than the two-bath 
type and imparts a firmer handle to the cloth 
on which it is used. A treatment bath contain¬ 
ing either type is rendered unstable in presence 
of certain electrolytes, especially those con¬ 
taining SO "'4 ions. Filling and finishing 
materials, e.g, dextrin and starch pastes, etc., 
may be added to the showerproofing liquor. 
The material to be showerproofed with these 
products is simply impregnated by working it 
in the diluted emulsion, e.g. about 6% on the 
weight of the material, for some time, followed 
by hydro-extracting and drying; piece goods 
may be impregnated by padding, i.e. passing 
them in continuous lengths through a small 
box containing a dispersion of the agent in the 
proportion of about 1:16 of water; the pieces are 
squeezed immediately as they are drawn between 
two rollers placed vertically above the liquor 
box, and dried by hot air. 


“ Permanent ” Water-repellant Effects exhibit¬ 
ing a Soft Handle. —One of the latest develop¬ 
ments in the search for new water-repellant 
substances is the discovery (c/. B.P. 466817, 
469476 and 477991) that quaternary ammonium 
salts obtained from halogenomethyl ethers of 
long-chain higher fatty alcohols or amides and 
pyridine, e.g. 


and 


Cl 

Cl 

Ci^Ha.CONHCH^NCgHs, 


yield, when applied to fibres and then heat- 
treated, valuable water-repellant soft finished 
effects which are stable to washing and dry 
cleaning. These new products, upon which the 
commercial substances known as “ Velan PF” 
and '*Zelan A ” appear to be based, decompose, 
on heating strongly, with Liberation of pyridine; 
if decomposition takes place, for example, in 
presence of cotton, an insoluble hydrophobic 
long-chain fatty residue intimately associated 
with ceUulose is obtained. Some chemists 
consider that chemical interaction between the 
hydroxyl groups of cellulose and the long-chain 
fatty residue occurs, but there is no real evidence 
that such a complex is formed. The clean 
material, e.g. cotton free from sizing, filling, etc., 
to be showerproofed, is impregnated in a 
manner best suited to its physical state, with an 
aqueous solution of Velan PF at 40°C. It is 
then squeezed, dried quickly in a rapid current 
of hot air to prevent premature decomposition 
of the compound, followed by heating (baking) 
for a few minutes at about 140T. Finally, the 
cloth is washed in a solution of a mild alkali 
(soaped), rinsed, dried, and finished as required. 
Other fibres, including wool and silk, yield 
similar effects, but the temperature and time 
of the baking process need to be modified accord¬ 
ing to the degree of susceptibility of the par¬ 
ticular fibres to heat-tendering ahd/or dis¬ 
coloration. Many other patents for the use 
of complex water-repellant compounds, e.g. 
highly reactive isocyanic, wothiocyanic and 
carbonic esters of high molecular aliphatic 
alcohols {i.a. B.P. 130277, 461179), have been 
granted in recent years, but, as most of these 
compounds appear to give the best results 
when applied as solutions in organic solvents, 
their utility is somewhat limited in textile pro¬ 
cessing, although aqueous dispersions may be 
used in the impregnating operation. It has 
been suggested that isocyanates of general 
formula R-N-CO, in which R==a long chain 
aliphatic group, e.g. stearyh'^ocyanate combine 
with cellulose chemically but, in these cases, 
also, the evidence available is not sufficiently 
definite to warrant this assumption. Water- 
repellant effects on most cellulosic fibres are 
obtained with the new compounds by the normal 
procedure, viz., impregnating, squeezing, and 
drying at elevated temperature until the reaction 
is complete. 

Another type of modem water-repellant agent 
is produced by impregnating textile fibres with a 
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mixture which, on subsequent heating, under¬ 
goes polymerisation in situ to a water-insoluble 
compound. Amongst these compounds are 
mixtures of long chain aliphatic derivatives of 
urea, e.g. octadecylurea, with formaldehyde, 

which first form methylol condensates, e.g. 
CiftHa^ NH CO NH CHa-OH, and then, on 
subsequent heating, polymerise to yield com¬ 
plex insoluble cornpountis. Mixtures of mela¬ 
mine, 

C NHa 

/■ \ ' 

N N 

li i 

HaNC d-NH. 

and formaldehyde also yield finished effects 
fast-to-washing after heat-hardening (r/. B.P. 
406016). Many other mixtures, which behave 
in a somewhat analogous manner, have been 
patented, but their uses in finishing textile 
fabrics are in the early stages of exploitation. 

Flamepeoofing Cotton and Rayon Fabeics. 
—It is well known that most textile fabrics are 
liable to burn more or less quickly in air on 
application of heat, whereby the temperature 
rises to a point termed the ignition point. Some¬ 
times spontaneous ignition occurs owing to the 
presence on the fibres of thin films of semi- 
drying vegetable oil; this phenomenon is due 
to auto-oxidation induced by the presence of 
unsaturated carbon bonds in the oil molecules. 
In general, those fibres which are free from 
natural impurities are more infiammable than 
raw fibres, whilst the physical form of the 
material is a determining factor in assessing the 
degree of inflammability. Thus, cotton flan¬ 
nelette, i.e. cotton cloth with a raised fluffy 
surface, is much more liable to take fire in 
presence of a flame than is a piece of ordinary 
cotton cloth. Also, cellulose fibres take fire 
more readily and bum more rapidly than do 
protein fibres. Methods of reducing this 
dangerous attribute of fibres have been in use 
for generations. The oldest method is to in¬ 
corporate suitable inorganic salts with the finish¬ 
ing paste or mixture applied to cloths before the 
dry finishing operations, or in cases of structures 
which need to remain soft and supple, e.g. fine 
cotton fabrics, rayon fabrics, etc., with solutions 
of inorganic salts alone. Ordinary ammonium 
salts, e.g. ammonium chloride, phosphate and 
sulphate, have been in use as flameproofing 
agents for many decades, as also have borax, 
boric acid, disodium hydrogen phosphate. Simple 
impregnation of fibres with water-soluble s^ts 
of the kind mentioned, followed by drying to 
remove excess water, yields a flameproof effect 
which, of course, is not permanent, i.e. it is not 
fast-to-washing, so that when faat-to-washing 
flameproof effects are required, it is customary to 
modify the process in order to bring about the 
precipitation in the fibre of insoluble metallic 
salts or oxides, e.g. aluminium phosphate or sili¬ 
cate, stannous tungstate (from sodium tungstate 
and stannous chloride), zinc compounds, etc. 
Whichever method is i^opted, the same initial 
procedure is adopted ; the cloth is impregnated 
on a padding machine with a solution of the sub* 


stance or substances chosen, followed by drying. 
If the deposition of an insoluble salt is required, 
the treated cloth is next imprecated with a 
water-soluble salt containing a positive ion which 
is capable of interacting with the negative ion 
of the salt already present on the cloth, to 
produce the required product. Thus, if the first 
salt is disodium hydrogen phosphate, the second 
may be aluminium acetate. Cloth which has 
been treated with these salts is allowed to lie 
for some time and then dried on steam-heated 
drums. If excess aluminium acetate is used, a 
final soaping of the cloth yields aluminium soap 
which helps to preserve the flameproof effect 
against repeated washing. Mixtures of borax 
and boric acid give excellent results, but, in cases 
of dyed goods, it is necessary to use products 
that do not alter the shades. Recently a very 
simple treatment, consisting in the use of solu¬ 
tions of ammonium sulphamate, has been intro¬ 
duced. Over 100,000 yards of fabric employed 
at the New York Fair, 1940, were flameproofed 
with this compound. 

The substances enumerated are also suitable 
for flameproofing rayon fabrics. An interesting 
development is the addition of flameproofing 
agents to the solutions used in “ spinning ” arti¬ 
ficial fibres. Several recent patent specifications 
dealing with the formation, in situ, of complex 
organic or semi-organic condensates, appear to 
indicate the trend of much work being carried on 
in the search for a satisfactory flameproof finish 
for collulosic materials. 

Ceease-Resistino Finished Effects,— 
It is a matter of common observation that cellu- 
losic fabrics tend to crease readily when non- 
uniform layers of material are subjected to 
strain; moreover, the creases are not easily 
removed in contrast with analogous effects on 
wool and silk fabrics. The latter, therefore, are 
said to possess the property of recovering more 
or less quickly from physical deformation, i.e. 
in comparison with cellulosic fabrics, silk and 
wool structures exhibit the phenomon of elastic 
hysteresis only to a small extent. The scientific 
explanation of this difference is intimately con¬ 
nected with differences in molecular structures 
which, in the case of cellulosic materials, leads 
to a dissipation of some of the energy of defor¬ 
mation. (This aspect of the subject is best 
considered in connection with a study of modem 
views on the molecular structures of fibres as 
deduced by specialist workers in organic 
chemistry and in X-ray diffraction analyses). 
Practical methods of rendering cellulosic fabrics 
crease-resistant in an economical manner began 
to attract the attention of textile chemists in 
1928 (cf. also p. 191d), when certain patent specifi¬ 
cations commonly known as the Tootal patents 
(cf. B.P. 291473, 291474, 304900, etc.) were 
published. These refer to the use of resinous 
urea- and phenol-formaldehyde partial con¬ 
densates produced in situ on the cloth to be 
rendered crease-resistant. A large number of 
other substances and methods, designed to 
produce these effects as well as combined crease- 
resistant and water^repellant, etc., effects, have 
been patented during recent years, but the 
original process still appears to be the most 
widely used. Since phenolic condensates tend 
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to give yellowish semi-brittle effects, it is the 
invariable practice now to use the urea-formalde¬ 
hyde process, which is carried out by impreg¬ 
nating oellulosic fabrics, preferably in a swollen 
or semi-swollen state with a solution containing 
urea and formaldehyde in presence of an acid 
catalyst followed by drying, cooling and finally 
baking (condensation) at about 15()°C. Boric, 
tartaric, etc., acids may be used as catalysts. 
Thus, cotton cloth, which has been scoured with 
soda ash and soap, bleached with calcium hypo¬ 
chlorite solution, rinsed until free from residual 
chemicals and dried well, is impregnated on a 
padding machine with a solution containing 
20-30% of 40% formaldehyde, 10% of urea 
and 0-75% of tartaric acid, and excess liquor 
removed either by means of two small-diameter 
squeezing rollers or a suction hydro-extractor, 
dried as rapidly as possible, cooled, subjected 
to a heat treatment at 150-160°C. for a short 
time, washed in hot soap liquor, rinsed well 
and dried. Combined crease-resistant and 
waterproof effects (c/. B.P. 413328) are obtained 
by first impregnating cloth with aluminium 
acetate solution, squeezing and heating; the 
cloth, which now contains aluminium hydroxide, 
is then treated, as already outlined above, with 
an initial condensate of resin components, soured, 
rinsed, dried, heated at 170°C. for two minutes, 
soaped, rinsed and dried. Viscose rayon which 
has been treated in this way does not leave 
weals or edges if spotted with water, whereas 
ordinary viscose rayon leaves objectionable 
marks. Condensates of stearamide and form¬ 
aldehyde and certain complex quaternary am¬ 
monium salts, etc., have also been suggested 
for the production of crease-resistant, spot- 
proof finished effects. 

Multiply Fabbics. —A few years ago a 
method of producing multiply fabrics by utilising 
cellulose acetate fibres as bonding agent was 
introduced. Shortly afterwards so-called “ Tru- 
heniaed" collars, cuffs, etc., appeared in com¬ 
merce. In the original manufacture of multiply 
fabrics of this type, two layers of cotton cloth 
containing cellulose acetate rayon threads were 
placed one on top of the other and then ironed 
or calendered at about 200°C.; at this tempera¬ 
ture the cellulose acetate threads become sticky 
or resinous (owing to their thermoplastic 
property) and adhere tenaciously to the interior 
and adjacent threads of the superimposed 
fabrics so that a permanently bonded fabric is 
obtained. At a later period it was found that 
bonding could be achieved more efficiently by 
carrying it out in presence of liquid swelling 
agents for the cellulose ester; in another modifi¬ 
cation, a thin film of cellulose acetate is inter¬ 
posed between two layers of cotton and bonding 
effected as described. Many other patent 
specifications relating to the production of 
multiply fabrics have been granted; as a rule 
they refer to the uses of different thermoplastic 
oompoimds as bonding agents. One of the most 
promising methods is carried out by coating a 
fabric on one side with a solution of a synthetic 
resin, e.gr. a solution of a polymer of methyl 
methacrylate in toluene. After drying to re¬ 
move toluene, the coated fabric may be stored 
until required. In actual mamdaoture of 


multiply fabrics from this material, layers of 
ordinary fabric are superimposed on one another 
with layers of the coated fabric between them 
and the whole hot-calendered to bind all the 
layers into one compact assembly. 

Aqueous emulsions of s{)ecial synthetic resin 
polymers are also available now for use in the 
manufacture of multiply fabrics. 

Finishing Rayon Cloths. 

In considering the practice of fim'shing rayon 
cloths it is important first to note that the 
progress made in their construction during the 
last decade has resulted in the introduction of 
scores of differing fabric types as regular articles 
of commerce. For example, in addition to con¬ 
structions consisting of 100% viscose rayon, 
100% cellulose acetate and 100% cuprammonium 
rayon respectively, a large number of cloths 
containing (a) two kinds of rayon, (6) rayon and 
cotton, (c) rayon and silk, etc., are of great 
importance, as also are rayon fabrics woven 
partly, or entirely, from spun rayon, i.e. fine 
raw filament rayon which, after having been 
cut into short lengths and purified, etc., has been 
spun into yam in an analogous manner to that 
used for spinning raw cotton. Apart from the 
nature of the fibres present in warp and weft 
yarns used in weaving the various fabrics, the 
physical forms of the yarns and the constructions 
or weaves employed mainly determine the trade 
names given to the commercial types of fabric 
manufactured. Most rayon or mixed rayon 
fabrics are of the plain weave type, the l>est 
known being termed twills, satins, chiffons, 
voiles, crepes, etc. Amongst the most important 
of these, at present, are the various kinds of 
crepe fabric, rayon-cotton linings, twills, etc. 

It is probably tme to say that no type of 
fabric made from natural fibres demands the 
exercise of so much care in wet processing 
operations, as well as in the final finishing 
operations, as do rayon goods. Even if the fact 
that modem rayon fabrics are of widely different 
constructions is ruled out, it has always to be 
borne in mind that ordinary wet rayon is 
about 60% lower in strength than the dry fibre, 
whilst even a higher diminution in strength is 
shown by spun rayon when wet. All types of 
rayon fabrics, therefore, are very susceptible to 
deformation if subjected, while wot, to high 
strains and stresses, with the inevitable develop¬ 
ment of faults of a specific kind. Consequently, 
it is the general practice to use wet-processing 
machinery speciafly designed to impose as little 
strain as possible on the fabrics during treat¬ 
ment. The main work of the rayon finisher is 
usually directed towards the production of 
fabrics possessing softness and good draping 
properties, although stiffness can be easily im¬ 
parted whenever required. 

100% Viscose Rayon Fabrics ,—^Fabrics of open 
construction and those made from loosely spun 
yams are usually processed on jigs or padding 
machines. The pieces of cloth, after having 
been marked at each end for identification pur¬ 
poses, are wound on to shells or beams, care 
being taken that no creases are introduced; 
each beam may contain several hundred 



200 


FINISHING TEXTILE FABRICS. 


of cloth. If the warp threads contain starch 
(used in sizing them before weaving), the cloth 
is passed first through a weak solution of malt 
extract or other desizing agent at about 140°F. 
and, if considered advisable, the cloth is allowed 
to stand for a short time so as to ensure con¬ 
version of the starch into water-soluble products. 
The cloth is next washed in water and scoured 
in a boiling solution of soda ash and soap, 
washed again, dyed, rinsed, treated with a weak 
solution of a softening agent, hydro-extracted in 
open width and dried ; it is then dampened with 
steam, dried on a stentering machine, passed 
through a Palmer machine (see p. 201c) and finally 
calendered on a light 3-bowl machine. In the 
modem manufacture of 100% rayon fabrics, it 
is customary now to use gelatin instead of 
starch in sizing the warp threads; this type of 
size is readily removed in the scouring operation, 
or a preliminary treatment with a hot solution 
of a proteolytic enzymatic preparation may be 
carried out. 

Other 100% viscose rayon flat goods, e.g. 
twills, taffetas, sateens, etc., are prepared, dyed 
and finished in an analogous manner. Fabrics 
of spun viscose rayon (staple fibre) are usually 
treated in rope form during scouring and dyeing, 
and, as starch is generally present on the warp 
threads, a careful desizing treatment is essential. 
As already mentioned, the pronounced weakness 
of wet goods containing viscose staple fibre 
demands that they should receive the minimum 
amount of handling. Slow drying and not too 
much tension during stentering of the hydro- 
extracted cloth result in the development of 
excellent finished effects. 

Viscose Ragon-Cotfon Fabrics. —Many fabrics 
of this typo, e.g. so-called “ alpacas,” warp- 
striped (rayon) poplins, warp- and weft-striped 
(rayon) shirtings, etc., were formerly scoured, 
etc., in rope form with 3°Tw'. soda ash solution 
and 2% soap in kiers at 180-200®F. for 5-fi hours. 
In modem scouring practice, however, it is 
customary to carry out the process continuously 
in batteries of machines designed to draw the 
cloth in slack form through the scouring liquor 
contained in boxes, above which are oval¬ 
shaped reels, and to subject it to intermittent 
squeezing between rubber-covered rollers. The 
cloth is singed first, then desized and passed 
through hot water contained in the first box 
of the machine; it is next drawn over a reel, 
squeezed between rollers and entered into 
scouring liquor (second box) consisting of about 
1-6% soda ash and 2% soap (on the weight of 
the cloth), together with a small amount of an 
emulsified solvent. Fresh scouring liquor is 
added regularly from a stock supply tank; 
after passing over the second reel, the cloth is 
squeezed again and drawm forward through 
another scouring liquor contained in the third 
box, squeezed and so on; the third and fourth 
boxes contain hot and cold water, respectively. 
Finally, the cloth is scutched (opened out), 
mangled (squeezed between a pair of rollers, 
one of which is brass and the other covered with 
rubber), and dried on steam-heated cylinders. 
If desired, the cloth is then impregnated with a 
weak solution of a softening agent, squeezed 
well, dried and stretched on a stente^ passed 


through a Palmer finishing machine (see p. 201c) 
and lightly calendered. Many variations of this 
procedure are used to suit the different types 
of fabrics or to utilise existing plant installed 
in the works. 

Union Linings containing Rayon. —These 
are usually woven with a viscose rayon warp 
and a cotton weft; or they may be made of 
100% cellulose acetate rayon. Linings are 
commonly wet-processed in open width; those 
consisting of viscose rayon and cotton undergo 
treatment similar to that described in the pre¬ 
ceding paragraphs. 

100% Cellulose Acetate Rayon Cloths. —Flat 
cloths, e.g. satins, taffetas, linings, etc., are 
often processed as follows : 

Inspection, Sew^ino and Beaming. —The 
cloth is first examined for obvious defects, e.g. 
tears, stains, etc.; an end-cloth, a few yards 
long, is then sewn to one end of the first piece 
of cloth ; the end of the latter is next sewn to 
the upper end of the second piece, and so on, 
until the requisite number of pieces for collective 
treatment have been assembled; finally, an 
end-cloth is sewn on to the end of the last piece 
of cloth in the assembly. The first end-cloth 
is then wrapped round the wooden shell of a 
beaming machine and the machine set in motion. 
As the cloth is slowly and very carefully wound 
on to the shell it is examined for defects which 
are noted carefully for future reference. The 
batched, rolled or beamed cloth must be free 
from creases ; in some cases it is best to re-wind 
the cloth on to a second shell or beam so as 
to ensure freedom from creases and to make 
the selvedges at the sides of the beam perfectly 
even. 

Scouring or Boiling-Off. —The beam is 
placed on a jig and the cloth on it drawn through 
cold water contained in the trough of the jig 
and beamed on another shell on the opposite side 
of the jig; in this operation, particular care is 
exercised in the judicious use of expander bars 
in order to make sure that all creases are 
eliminated. Light-weight cloth is then drawn 
through a solution (about J% concentration) of 
a suitable commercial enzyme preparation at 
140°F., and wound on to the jig roller, the 
operation being repeated about four times; one 
passage through the liquor of the whole of the 
cloth is termed an “ end.” A solution of good 
quality soap, usually with addition of a higher 
fatty-alcohol sulphate, so as to give a soap con¬ 
centration of about 1% and ^% fatty alcohol 
sulphate, respectively, is then added to the bath. 
The cloth is passed through the liquor at about 
120-140°F. for 4-6 ends, the liquor discha^ed 
and the cloth rinsed in warm water, when it is 
ready for dyeing. The scouring liquor in¬ 
gredients are varied from time to time according 
to the nature of the cloth to be processed. Thus, 
an emulsion of xylene with Turkey red oil and 
soap is often used for light goods, especially 
when they have to be bleached; the treatment 
in such cases may begin at a low temperature 
(the desizing liquor having been discharged) 
and gradually increased to not hkher than 
180°F. for bright finished, and 200®F. for dull 
lustre, goods. Bleaching, if needed, is carried 
out by passing the cloth for @ ends at ordinary 



FINISHING TEXTILE FABRICS. 


201 


temperature through a very weak solution of 
acidified sodium hypochlorite at 5*5, approx, 
[about 3 pints sodium hypochlorite solution 
(20% available chlorine) and 4 pints 40% acetic 
acid per 90 gallons water]. The cloth is then 
rinsed in cold running water, passed through 
weak sodium sulphite solution to remove traces 
of chlorine, rinsed in warm water, and tinted 
(4-6 ends) at 160°F., in a 01% solution of a 
suitable bluish-violet cellulose acetate rayon 
dye containing a little sulphated fatty alcohol 
and made slightly alkaline with borax. If 
bleaching with hydrogen peroxide is preferred, 
satisfactory results are obtained by passing the 
cloth (4-8 ends) through a 0-0025% hydrogen 
peroxide solution, at 180°F., rendered slightly 
alkaline with sodium silicate, followed by rinsing 
ill hot water; tinting may be carried out as : 
described above. Finally, the cloth is passed j 
through very weak acetic or formic acid and 
is then ready for dyeing and/or finishing. 

If it is desirable to impregnate the cloth with 
a special finishing compound, e.g. a softening 
agent, this operation is sometimes carried out 
by passing the cloth (a few ends) through a 
warm solution of the selected compound. At 
this stage, the cloth, whether dyed or not, is 
vacuum extracted on a machine provided with 
fine slotted suction pipes usually arranged in 
staggered, serried lines against which the cloth 
passes when drawn at width through the machine 
from one beam to another. This method of 
removing excess water is finding increased 
favour and some modern jigs are equipped with 
an apparatus of this kind, since its use at various 
stages in wet-processing operations tends to 
reduce the number of ends normally required 
when using ordinary jigs. As previously men¬ 
tioned, if it is necessary to apply a finishing 
agent to the cloth in order to obtain finished 
effects characterised by special softness, draping 
properties, etc., the application may be done in 
the jig immediately after the vacuum extraction 
{see above ); or a padding machine provided 
with two or three squeezing rollers according 
to the pressure required may be used. The 
softening agents in general use are weak solu¬ 
tions of sulphonated fatty oils, sulphated higher 
aliphatic alcohols, certain types of condensation 
products containing long chain aliphatic radicals, 
emulsified fatty oils, etc. Also, it is often 
advisable to add small amounts of hygroscopic 
substances, e.g. ethylene glycol or mixtures 
of this substance and glycerol to the liquid, 
the Ph of which is controlled so that it only 
varies between narrow limits, e.g. 6-0-7-5. Im¬ 
pregnation of heavy cloth is carried out on the 
padding machine, and small quantities of stiffen¬ 
ing substances, e.g. gum Tragasol, may be added 
to the softening mixture. 

Modern Rayon Finishing Equipment .—The 
finishing equipment used in the final processing 
of rayon and rayon-containing fabrics often con¬ 
sists of {a) an impregnating or padding machine 
for applying finishing compounds, e.g. softening 
agents, etc., as previously explained; (6) appara¬ 
tus for removing excess water, e.g. a series of 
steam-heated d^ing cans or drums, or vacuum 
hydro-extractors; (c).stentering or tentering 
frame; and {d) a Psimer finishing machine. 


Stentering frames are used to ensure that the 
weft threads are arranged at right angles to the 
warp threads in the finished fabric and also to 
fix the width of the fabric as required. A 
modern high-speed stenter may be 40 ft. long; 
it is provided with large enclosed steam coils 
for partly drying the cloth as it passes along the 
machine; at the outlet end, the cloth is released 
automatically from the endless chains of clips 
of the machine and passed directly to a Palmer 
finishing machine. 

A range of the type indicated,, i.e. (a), (6), (c) 
and (d), is usually operated as one unit by means 
of a variable speed drive and compensating 
mechanism to prevent excessive pull on the 
cloth while it is passing from one unit of the 
range to another unit. The Palmer finishing 
machine consists of (i) one large and one small 
steam-heated drum, and (ii) a beaming arrange¬ 
ment for winding the dry finished cloth on to a 
shell. The periphery of the large drum is 
covered with an endless woollen blanket or 
apron; this apron is, itself, covered to about 
75% of its contact with the drum, with an outer 
endless blanket, which, when the machine is 
in use, travels also round the small heated drum 
in order to remove the moisture absorbed by 
the felt from the damp cloth undergoing treat¬ 
ment. Cloth which is to be finished on the 
Palmer machine is drawn forward by the large 
revolving drum and passes round it while held 
firmly between the two blankets; and, at the 
exit, the cloth is wound on to a shell. The 
temperature of the large drum is usually kept 
at about 22CFF., and its speed which, of course, 
will be the same, approx., as that of the 
whole range, may be varied from 30-60 yards 
per minute. 

Calendering. —A standard rayon calender 
consists of three bowls or rolls supported 
verticaUy and held in a steel frame. The top 
and bottom bowls are covered with wool-felt 
paper and the middle bowl, which can be heated 
internally, is of steel or chilled iron. Means are 
provided for varying the pressure at the points 
where the top and bottom bowls are in contact 
I with the middle bowl. Most rayon fabrics are 
calendered cold under light tension and pressure; 
the average speed of the cloth when passing 
through the calender is about 50 yards per 
minute. When a lustrous finished effect is 
required, the middle bowl is heated and the 
pressure on the travelling cloth increased. 
Ordinary light calendering helps to improve the 
draping properties and handle of the cloth; 
it also tends to “ break up ” the surface, thereby 
inducing a dull finished effect. 

Non-Slip (Resin) Finished Effects.— 
Rayon fabrics easily fray and slip when sub¬ 
jected to strain either warp or weft way ; many 
types of twills, taffetas, satins, etc., are par¬ 
ticularly susceptible to the development of 
these defects and, consequently, they have poor 
wearing properties. It has b^n discovered in 
recent years, however, that such defects can 
be prevented by the application of a suitable 
synthetic resin finish to the cloth. This tech¬ 
nique recalls that used for producing anti-crease 
fabrics (see p. 198d), but in the latter case, about 
10% resin on the weight of the cloth is required 



202 


FINISraNG TEXTILE FABRICS. 


and it needs to be deposited within the fibres, 
whereas in the production of a non-slip resin- 
finish, about 1-1% resin gives satisfactory 
results, since its purpose is merely to act as a 
bonding material for the warp and weft threads 
at their surfaces only. The most suitable resin 
to use appears to be a urea-formaldehyde con¬ 
densate, but other substances capable of bonding 
the fibre surfaces can be used. The dry cloth 
(scoured, bleached and/or dyed) is impregnated 
with the “ resin ” solution, squeezed, stretched 
and dried on a stenter at the required width and 
finally heated at a high temperature. The 
finished effect should prevent the fibres from 
fraying and should be fast to repeated washing, 
dry cleaning and hot pressing. The resin treat¬ 
ment may be extended, in certain cases, to set 
or stabilise the fibres in fabrics. Thus, fabrics 
made from staple fibre tend easily to stretch, 
sag and shrink in use, but if they are treated 
with a resin solution (equivalent to 11-2% resin 
on the weight of the cloth) and the resin “ cured” 
as outlined above, they become not only resistant 
to abrasion, but are stabilised against the 
defects enumerated above. 

When the resin has been “ cured,” the fabrics 
may be subjected to other finishing operations 
in order to subdue the slightly harsh “ handle ” 
that may be caused by its presence. Resin- 
finished effects may also bo produced on other 
kinds of fabrics. 

Delustring or Matting Processes. —In the 
early days of the rayon industry, the usual 
finished effect on rayon fabrics was of a lustrous 
type. In some cases, e,g. viscose-rayon fabrics, 
the finished effect was often described as having 
a metallic lustre w’hich, in addition to the fact 
that such an appearance envisaged the lack of 
warmth, inevitably led to the view that it did 
not accord with aesthetic principles as applied 
to articles of dress. 

Hence, after the early period of development 
in the rayon industry, there arose an insistent 
demand for fabrics exhibiting subdued lustre, 
i.e. a lustre more approaching that of, or even 
considerably less than that commonly exhibited 
by silk goods. At first it was customary, as is 
often the case now, to matt or delustre rayon 
fabrics during the finishing process, but rayon 
manufacturers also gradually modified their 
“ spinning ” technique so that, to-day, yams 
of widely differing degrees of lustre can be 
purchased for weaving or knitting purposes {see 
Fibres Artificial, this Vol., p. 1286). i 

Delustring or matting lustrous fabrics may | 
be accomplished in various ways. Thus, the * 
lustre of ordinary cellulose acetate-rayon fabrics I 
is considerably r^uced if the fabrics are treated, 
without tension, with boiling soap solution for 
some time. The dulling effect, in this case, is 
accelerated by the presence of a little phenol, 
but it is essential to maintain the pjj of the 
bath within narrow limits; dulling is inhibited 
if the material is treated while in a stretched 
condition. Conversely, the dull effect, obtained 
as indicated, reverts to the lustrous type if the 
fabric is dry-steamed or heated under pressure 
in presence of a swelling agent. 

The readiness with which ceUulose acetate- 
rayon fabrics are delustred depends to a con¬ 


siderable extent on the actual manufacturing 
process used in making the yarns. Thus, if 
certain substances, e,g. alkyl esters of higher 
fatty acids, are present in the spinning dope, the 
resultant dry-spun threads quickly acquire a 
uniform delustred appearance when treated in 
hot soap solution ; a similar, but more pro¬ 
nounced, effect occurs if titanium oxide is dis- 
I persed in the spinning dope. Many other 
substances have been advocated for addition 
to the dope so as to obtain delustred filaments 
directly on “ spinning.” When coUulose acetate 
yams having different physical properties are 
present in a fabric, it is possible to obtain uni¬ 
form dull finished effects by subjecting the fabric 
to a preliminary oxidising action with dilute 
hydrogen peroxide follo’wed by the usual hot 
soap treatment. 

Lustrous viscose-rayon fabrics are often matted 
during the finishing process by impregnating 
them with an aqueous dispersion of china clay, 
zinc oxide, titanium oxide, etc., previously 
emulsified with soap, glue, etc. Permanently 
dull effects are obtained on both viscose and 
cellulose-acetate rayon fabrics by treatment with 
a solution of a suitable silicofluoride in such a 
way as to induce the deposition, by hydrolysis, 
of silicic acid, which is partly dehydrated on 
drying. 

One of the most interesting problems con¬ 
cerned wfith delustring methods applicable to 
cellulose acetate-rayon goods is due to the 
difficulty of obtaining satisfactory results on 
fabrics dyed in dark shades, especially blacks 
and dark blues. If, for example, an ordinary 
fabric which has been matted with hot soap 
solution is dyed a deep black, a large number 
of dye particles are deposited on the surfaces 
of the fibres and it is possible that the porous 
structure apparently developed by the delustring 
operation is thereby “ filled up,” thus restoring 
the lustre. 

Finishing CRfepE Fabrics. —^Fabrics showing 
crepe or raised pebble effects and made from 
natural fibres, especially silk, have been known 
for several decades, but it is only within the 
last 10-12 years that rayon crdpe fabrics have 
been developed to such an extent that they rank 
now as highly popular fabrics for the dress-goods 
trade, whilst they are finding increased use as 
furnishing fabrics. 

In order to understand the principles involved 
in finishing crepe fabrics, it is necessary first to 
consider certain points relating to their manu¬ 
facture. It is a matter of common observation 
that if a dry string or a series of parallel strings 
is twisted about its longitudinal axis, it tends 
to untwist as soon as the twisting force is 
removed; if it is wetted out thoroughly, whEe 
held in the twisted state, however, the in¬ 
dividual filaments swell and, on removing ten¬ 
sion, untwisting begins and proceeds to a greater 
extent than in the case of twisted dry fibres. 

In the manufacture of crdpe fabrics, highly 
twisted yam is generally used for the weft and 
a low twist yam for the warp. The torsional 
energy introduced into the weft, or crdpe yam, 
during throwing (twisting) remains quiescent 
as long as the fabric is kept in the diy state ; 
if it is wetted, however, as in the initial fimshing 
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operation, the torsional energy of the crepe 
yams is partly released, whilst the fabric as a 
whole is able to shrink. Moreover, as the 
horizontal ends of the crfepe yarns are held 
taut at the selvedges, it follows that this release 
(untwisting) combined with the well-known 
associated phenomena, e.g. elasticity, creep, 
turgescence, etc., induce these yams to con¬ 
tract and develop “ snarls ” or loops whereby 
the whole of the fabric structure is modified in 
such a way that it exhibits a broken irregular 
surface, the raised portions of which are com¬ 
monly termed crSpe or pebble effects. In the 
modem finishing of crfepe fabrics, it is essential 
that those effects shall be uniform in every 
respect, hence exceptional care has to be 
exercised during the actual manufacturing 
operations if satisfactory results are to be 
obtained in the subsequent finishing process. 

As previously stated, the crSpe yarns are 
usually weft yarns. The twist in these may be 
either in one direction only or, as is more usual, 
the weft may be built up of two threads twisted 
in one direction, alternating with two threads 
twisted in the opposite direction, t.g. as used in j 
weaving canton, antique, marocain, crepe-de- 
chine, etc., crSpe fabrics. Some chiffon fabrics 
are made entirely of crepe yams twisted only 
in one direction, whilst others, e.g. crepe 
georgette, are made from yams with right and 
reverse twist in both warp and weft. 

Crepe yarns are usually made of viscose rayon 
or silk (although any other fibre may be used) 
and the twist, i.e. turns per inch, varies from 
about 40 to 60. In order to facilitate the throw¬ 
ing (twisting) operation and to aid the retention 
by the yarns of the torsional energy introduced 
until the fabric, for which they are used, is 
ready for finishing, it is necessary first to steep 
the ordinary yam in a solution containing a 
lubricating agent, e.g. an emulsifiable vegetable 
oil, and a substance which acts as a reinforcing 
and protecting agent, e.g. gelatin. The usual 
procedure in producing crepe yarns is eus follows: 
Skeins of ordinary yam are soaked for a short 
time in a warm solution containing, for 
example, gelatin, dextrin and sulphonated olive 
oil, then hydro-extracted, opened out, dried 
carefully, wound on to spools, thrown, i.e. 
twisted, steamed at low-pressure for a few hours 
to set temporarily the twist in the yam, con¬ 
ditioned for several hours and rewound on to 
spools. The yarn is then ready for use in 
weaving crepe fabrics, 

Crdpe fabrics are now made in a wide variety 
of types and it is not practicable to discuss here 
the finishing details best suited for each type. 
Only a general account of crSpe-fabric finislfing, 
therefore, is given. Perhaps the most popular 
of all rayon cr^pe-fabrics, at present, are those 
woven with a bright or dull cellulose acetate- 
rayon warp and viscose-rayon cr6pe weft. 

Finishing CbIifjb Fabbigs (Cellulose Ace¬ 
tate-Rayon Wabp and Viscose-Rayon CbIjpe 
Weft.) —^The first three operations, viz. inspec¬ 
tion, sewing and beaming are similar to those 
already described (see p. 2(^); a flat sewn seam 
is essential. 

Embossing. —Up to a few years ago it was 
customary to enter rayon crSpe-fabrics directly 


into the “ boil-off ” or craping bath according 
to the long-established practice of finishing silk 
crapes, but in this system many defects de¬ 
veloped, particularly uneven cr^pe or pebble 
effects, “ break ” marks, etc. Uneven erdping 
is prevented now by first drawing the cloth 
continuously from a roll over a copper steaming 
roUer and then between a pair of rollers under 
pressure (embossing calender); the top roller 
is made of steel with a hollow centre so that 
steam can be introduced to heat the roller; its 
periphery is engraved either with a fine or coarse 
pebble design and, at the point of contact 
between the two rollers, the pattern on the 
heated roller (250-270°F.) is impressed on the 
cloth, thus exerting a definite control in pre¬ 
venting those defects caused by variation in 
tension set up during the manufacturing opera¬ 
tions. Thus the desired pebble effect ultimately 
induced is directed along the lines of the em¬ 
bossed pattern. The lower pressure-roller has a 
steel centre upon which is built a felt-paper 
composition; the two rollers are geared together 
so as to ensure that the impressions made by 
the embossed roller on the travelling cloth also 
fall exactly in the same places on the periphery 
of the bottom roller, thereby preventing over¬ 
lapping of the design. Full development of the 
pebble or crepe effect takes place in the next 
two operations known technically as “ boiling- 
off ” and scouring. The former name is derived 
from the “boil-off” or degumming operation 
practised in the silk industry, but the objects 
in the two cases are quite different. 

The initial operation of the actual craping 
process consists of the instantaneous and uni¬ 
form wetting-out of the fabric; also the size 
on the warp threads begins to soften and that 
on the crepe yarn to dissolve. These effects 
i allow the weft yarn to shrink as required and 
I to move easily in contact with the lubricated 
j warp threads, i.e. threads lubricated by the 
; presence of softened size. Subsequently, the 
latter is removed and creping completed in the 
scouring operation which immediately follows 
the initial wetting-out operation. 

The manipulation of the fabric in craping 
varies considerably according to the nature and 
structure of the cloth and the types of machines 
available. High-class fabrics are often sus¬ 
pended (open width) in 40 in. lengths in the 
craping liquor. Suspension is achieved by 
means of strings sewn to the selvedges and 
attached to poles which rest on either side of 
a rectangular creping box. This method is 
slow and depends for much of its success on the 
personal factor. The most up-to-date method 
is conducted on a continuous creping-machine 
as follows—Fabric, in open width, is drawn, 
under mild tension, round and under a drum, 
the lower portion of which dips in the craping 
liquor; the film of liquor thus carried by the 
drum wets out the cloth evenly and starts the 
erdping action. As the fabric leaves the drum, 
it comes into contact with the bulk of the liquor 
in the tank and is caused to float through it 
to the delivery end of the tank or to travel 
through it on an open-width conveyor. The 
cloth is then drawn forward to the scouring 
machine, through which it passes in rope or 
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semi-full-width form. This machine is often 
divided into series of compartments above which 
are placed revolving elliptical-shaped reels; 
each section of the machine is used for a specific 
purpose, e.g. (a) scouring at about 180°F., 
(6) second scouring in clean liquor at a slightly 
lower tem}>erature, (c) rinsing in hot water, 
(d) rinsing in warm and (e) cold water. Usually 
the liquor in each section is caused to circulate 
in the same direction as the cloth, while the 
latter moves progressively from dirty towards 
clean scouring liquor and finaUy to hot and cold 
water. After scouring, the cloth is separated at 
the sewn ends and is ready for bleaching and/or 
dyeing and dry finishing. 

A typical creping liquor contains the following 
ingredients in the respective concentrations: 
1% good quality oil soap, Y^-i% soda ash, 
sulphated fatty alcohol and wetting- 
out agent; a typical scouring liquor contains 
good quality soap, tribasic sodium phos¬ 
phate and J-i% sulphated fatty alcohol. 
Sufficient amounts of these substances are added 
from time to time to maintain their scouring 
efficiency and requisite pg, but ultimately the 
baths become so dirty that they have to be 
replaced by fresh Uquors. 

Bleaching and Dry Finishing. —Goods to 
be finished white or which have to be dyed in 
delicate shades, are usually bleached. Im¬ 
mediately after craping, therefore, the cloth is 
scoured again with soap at about 180®F. for 
30 minutes, rinsed well and cooled slowly. It 
is next bleached with sodium hypochlorite or 
hydrogen peroxide as described on p. 201a in 
connection with the finishing of 100% cellulose 
acetate rayon goods, and tinted in a fresh liquor 
containing a little of a mixture of a dye for 
cellulose-acetate rayon and Acid Violet, 4BN, 
for the viscose-rayon weft. The last series of 
operations, which is often known collectively as 
dry finishing, includes the following—Hydro- 
extracting ; opening-out of the cloth to its full 
width and sewing the pieces together; drying 
on a slack or loop drying machine ; first stenter- 
ing or framing operation to impart initial width 
to the cloth (the cloth is passed over a steaming 
roller before it is stretched so as to simplify the 
operation and to remove creases) ; impregnating 
with a warm or hot solution of a sulphonated oil 
(or with a mixture of the latter and an emulsified 
synthetic resin in the case of fairly heavy crapes 
which need to possess a permanent finished effect 
with a soft handle) on a padding mangle followed 
by squeezing; drying; stentering or framing to 
requisite finished width ; calendering (this opera¬ 
tion is usually needed for cloth which has been 
impregnated with a solution containing modified 
starch,^um, etc.). Decatising,” which is some¬ 
times substituted for calendering, tends to 
eliminate many of the defects, e.g. too much 
lustre, harsh feel, non-uniform pebble effect, 
etc., that develop in previous operations. It 
is carried out as follows—About 300-600 yards 
of fabric are wound, in contact with a blanket 
interlay, on to a perforated cloth-covered drum. 
High-pressure steam is caused to pass via the 
drum and its perforations through the layers of 
material for a short time; as a result, the fibres 
become turgescent and, consequently, more 


easily mouldable, and this phenomenon com¬ 
bined with the pressure of the blanket inter¬ 
lining tends to reduce gloss and give a more 
uniform pebble effect. When the steam supply 
is shut off, a partial vacuum is formed in the 
drum whereby cool air is sucked through the 
layers of cloth and excess moisture (from con¬ 
densed steam) removed, but, at the same time, 
sufficient moisture is left in the cloth to yield 
conditioned material fully equal to that which 
has been conditioned in air. Finally, the fabrics 
are inspected, measured and made up into rolls, 
etc., for sale. 

E. C. 

FINISHING OF WOOLLEN AND 
WORSTED FABRICS.— The term “finish¬ 
ing ” broadly applies to processes carried out 
on fabrics subsequent to weaving, and ter- 
rriinating with complete fitness for use. Prior 
to the present century it was almost entirely 
empirical, a system of operations developed 
from practical arts originated by trial and error 
tempered by observation and experience. Only 
in recent years has it received theoretical atten¬ 
tion. To some extent it is now possible to 
develop its methods from a basis of scientific 
principle and, for this purpose, account must be 
taken of the intrinsic properties of the raw 
material—wool substance and fibre—and there¬ 
after the principles of physios, chemistry and 
engineering are involved. 

The wool fibre belongs to the animal textile 
fibres and is unique in its totality of properties. 
Keratin^ the particular sclero-protein of wool 
yields as the most characteristic degradation 
product cystine, distinguished by its sulphur 
content. The protein molecules, as investigated 
by X-ray analysis, are assembled into elongated 
micellar chains cohering laterally through their 
side chains, the cystine linkage being the most 
characteristic of these. Physically these chemical 
protein micelles are aggregated into fibrillse, the 
main microscopical basis of the wool fibre : this 
fibrillar bundle is surrounded by the layer of 
scales whose points seen edgewise are the familiar 
“ serrations,” another unique feature of wool. 
The fibres in the fleece form rough irregular 
helices and are wavy or crimpled along their 
length. Their dimensions may vary from 1 to 10 
in. in length, and from to in. in diameter, 
very approximately. In the broad physical 
aspect, wool is a mass of filaments and it is also 
a typical colloid, showing marked swelling 
property in water and chemical solutions to¬ 
gether with the special elasticity phenomena 
characteristic of colloid substances. To these 
particular chemical and physical features the 
special technical operations applied in spinning, 
weaving, dyeing and finishing must be adapted. 

Subsequent to certain preliminary work such 
as mending, burling, perching, etc., the finishing 
routines on piece goods may be classified into 
wet and dry processes: 

Wet Operations. —Crabbing or greasy blow¬ 
ing; scouring; piece carbonising; milling in 
soap, acid or “ in the grease ” ; boiling or 
potting; piece dyeing or teaching; mechanical 
drying, e,g. by mangle or centrifuge; heat diy- 
ing, e.g. tentering, waterproofing, weighting, 
shrinking. 
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Dby Operations. —Brushing; steaming; 
dewing or dampening; cutting (shearing), plain 
or fancy; blowing (steam decatising); raising 
(wet or dry ); napping; pressing. 

In general, the wet precede the dry processes 
and of the former the principal is scouriyig. 
Even where, as in the worsted side of the 
industry, the raw wool has received preliminary 
washing treatments, it is almost invariably 
necessary to subject the woven pieces to further 
cleansing; particularly is this required where 
fabrics will be dyed in piece form. This piece 
scouring is mainly required because in the manu* 
facture of the yarns, lubricants—olive oil, 
oleines, etc.—are used: the removal of these 
is the chief object of scouring. Most washing 
processes depend on the production of an 
emulsion in the scouring liquor in which the dirt 
or extraneous matter is dispersed until, when 
the contamination is completely detached from 
the textile and suspended in the scouring 
medium, this latter is then diluted by fresh 
liquid and drained away. These broad outlines 
of the washing processes are affected and indeed 
governed by many chemical and physical factors. 
Obviously a neutral wool-lubricant like olive 
oil behaves differently from a crude fatty acid 
such as oleine : the former requires a typical 
emulsification while the latter may have a 
direct first application of alkali (soda ash), the 
so-called saponification scour. Generally, all 
scours depend on a complex of physical factors, 
e.g. surface tension, viscosity, temperature, 
adsorption, etc. The first stage is essentially a 
dispersion in which wetting-out by an agent 
capable of lowering surface tension is effected. 
Next this is stabilised by the formation of 
adsorption layers on the dispersed particles, a 
stage in which inierfacial tension plays an im¬ 
portant part. Following this, the dilution by 
fresh liquid carries away the dirt, leaving a clean 
fabric. Thus a scouring liquor is usually of a 
composite character: 

(1) Coarse suspensoid, in respect of floating 

flock or dust particles. 

(2) Colloidal emulsion, with regard to the soap 

and dispersed oil. 

(3) Molecular dispersoid, or true solution, 

with reference to dissolved alkali, etc. 

It is obvious that the emulsifying agent is of 
primary importance. The time-honoured soaps, 
alkali salts of the fatty acids, fulfil this role in 
largo measure, but modern research has intro¬ 
duced many alternatives, generally long chain 
compounds, sulphonated oils, etc. Many of 
these are of proved efficiency, but all are more 
costly in practice. It is possible that special 
research into the adsorption phenomena of the 
scouring emulsion will lead to further progress 
in this universal and fundamental operation. 

Setting or Fixing Processes.—Finishing 
operations are mainly carried out on textures 
and therefore the effects of the spinning and 
weaving stages being inherent in the fabrics 
require attention. Certain distortions arise which 
must be corrected in order to obtain final cloths | 
completely regular in structure and appearance 
and for these crabbing, blowing, boiling, I 
etc., are applied : the general term decatising la 


I sometimes used. In these operations liquid or 
vapour (hot water or steam) is applied to the 
wool substance and it is therefore necessary to 
consider its reaction to this treatment. Wool 
fibre in its ordinary state is a highly elastic 
substance, its tensile strength, for example, 
being equal to that of the weaker metals, silver, 
copper, etc. But in water at ordinary tempera¬ 
tures, during many hours, the colloid ^ool will 
increase its water content from say the average 
of 16% to over 30%; this swelling is of course 
accompanied by diminution of elasticity or in¬ 
creased plasticity. This state can be rapidly 
j brought about by increase of temperature. 
Near the temperature 212‘^F. the wool sub- 
I stance loses its elasticity, assuming the plastic 
state ; if it is then under any mechanical con¬ 
straint, the form and dimensions then obtaining 
will be preserved on cooling and drying out. 
The play of factors here outlined is the basis of 
producing what is technically known as per- 
manent set. A fabric carrying within it all the 
strains and distortions of high twist in spinning 
and close setting in the weaving shows at that 
stage irregularities such as cockling and pucker¬ 
ing, wavy and crooked run of twills and checks 
in patterns, and irregular shrinkages in finishing 
op<»ration8 and subsequent wear. A hot w'ater 
treatment by crabbing, or by blowing in steam, 
with the fabric in roll form under slight tension, 
removes these defects owing to the yield of the 
fibres in the plastic* state: the improvement in 
appearance, flatness, parallelism of twills and 
weave elements, etc., is very marked. 

Shrinking Processes.—The use of water in 
both liquid and vapour (steam) phases in the 
setting operations illustrates its extreme im¬ 
portance as an element in the wool colloid. From 
the average “ regain " of 15-16%, wool may drop 
to about 6% on the one hand and be saturated 
on the other to over 30%. The outstanding 5% 
is chemically united to the wool substance 
and its removal causes permanent decomposi¬ 
tion. Above that amount the w^ater content is 
replaceable and varies with the relative humidity 
of the atmosphere eventually reaching a maxi¬ 
mum approximating adsorption direct from the 
liquid phase itself. These changes of regain are 
accompanied by variation in the physical pro¬ 
perties, alterations in elasticity and changes in 
dimensions. The fully swollen wool fibre is 
about 16% greater in diameter and one-third 
in volume, but only a few per cents, in length. 
Both tensional and torsional elasticity diminish 
greatly. The effects of these changes in a spun 
and woven texture are to cause corresponding 
changes which may be summed up as relaxation- 
shrinkage ; concurrent changes result in fibre 
movements in the structure which form new 
intersections and entanglements in the mass, 
similarly termed felting-shrinkage. It is de¬ 
sirable to prevent these in the wear of the finished 
garment and to this end special processes are 
employed in the finishing routine. One of the 
oldest, based on alternate wetting and drying 
without constraint, is London shrinking. Others 
employ chemical means such as the application 
of chlorine as from chloride of lime, in the earlier 
forms, later as chlorine water (Schofield, “ The 
Finwhing of Wool Goods,” 1914), and recently 
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in a special evacuated receiver as chlorine gas 
(Wool Ind. Res. Assoc., B.P. 417719). A novel 
shrinking process uses sulphuryl chloride (Hall, 
Hosiery Times, 1937, 11, No. 99, 22, 25). 

The Milling, Fulling or Felting of Wool. 
—This characteristic phenomenon is the founda¬ 
tion of many finishing methods applied to wool 
goods and its rationale is still a matter of acute 
controversy. The terms milling and fulling are 
properly names of operations, the word “ felt¬ 
ing ” being really descriptive of the interlacing 
or entanglement of wool fibres which is the 
essential feature. Actually, “ felts ” may be 
composed of other filaments, and in practice 
structures mainly compounded of fibres other 
than wool—for example jute—are so described. 
But the wool fibre felts so readily and produces 
masses of so much greater density and elastic 
strength, that it is necessary to discuss the special 
factors responsible for this. Youatt’s century-old 
speculation that the scales, by their projecting 
edges, caused an interlocking, leading to felting, 
can hardly be accepted to-day, but variations 
ascribing special “fibre travel ” effects to this 
feature are still put forward. It must not be 
forgotten that the wool fibre has at least half a 
dozen unique features: spirality, crimpiness, 
scale structure, exceptional elastic strength, high 
swelling property, etc., all of which enter into 
and facilitate the formation of felted masses. 

Any type of mechanical stress—tensile, bend¬ 
ing, torsion and, in particular, compression will 
lead to the entanglement of filaments: in 
practice, impact compression is used in the older 
stocks, and rolling pressure in the more generally 
used roller milling machine. Felting stresses in 
practice produce a porosity in the fabric—ratio 
of w^ool substance to total volume—of the order 
of approximately one-third as a maximum; 
torsional stresses in yarn manufacture exceed 
this, attaining more nearly one-half. Practical 
milling operations are carried out in acid or 
alkaline solutions or in soap, the essential factor 
apparently being the marked swelling of the 
wool tissuethe loss of rigidity then permitting 
mechanical strains without breakage. On dry¬ 
ing out, the elastic properties of the normal 
wool colloid are regained. AH these considera¬ 
tions point directly to the mechanical factor 
as the primary basis of felting, and felting should 
be studied with masses of wool, where the 
phenomenon is exhibited in a typical form 
and the complications added by spinning and 
weaving are absent. In technical practice the 
progress and extent of the milling operation are 
measured by shrinkage, usually width shrink¬ 
age; this is sufficient for practical purposes 
but is fallacious as a research method. The 
felting action could be—and in many cases 
is—marked by the relaxation shrinkages due 
to the release of strains from the spinning and 
weaving operations. It is therefore evident that 
future progress in cloth milling must come from 
the mechanical side. At present, pieces are 
milled either individually or in small numbers; 
the operation is in practice discontinuous and 
involves much tedious and costly hand-work. 
But it is essential, both in itself and as a basis 
for raised and other finishes, especially on the 
woollen side of the industry. 


Other Mechanical Processes.— The prin¬ 
cipal of these are (i) Shearing, (ii) Raising, (iii) 
Pressing. 

(i) Shearing, Cutting or Cropping. —This 
is the most purely mechanical of the finishing 
operations and being conducted on the dry cloth 
involves neither physical nor chemical prin¬ 
ciples. Judged from an engineering standpoint, 
the machinery is the most accurate of all finish¬ 
ing plant: cutting machines may be adjusted 
to a few hundredths of an inch. All the wet 
operations performed on wool fabrics dis¬ 
entangle loose fibres and, particularly on 
worsted goods, these must be removed. All 
degrees of “ clear finish ” are carried out in 
practice. Modern shearing plant tends to the 
use of multiple machines, as many as six blades 
being fitted into one macliine but the three-blade 
type is perhaps the most generally useful. Certain 
modifications in the bed, blade, etc., enable fancy 
patterns, e.g. geometrical and floral effects, to be 
produced by local removal or retention of the 
pile; such materials, which have an occasional 
or rticurring vogue, are known as imitation 
Jacquards, fancy velours, etc. 

(ii) The Raising Process.—This is his- 
torically one of the oldest of finishing operations. 
Following upon a fulling operation effected by 
trampling the cloth, it was practised in Roman 
times by the use of the familiar teazle. This 
traditional appliance is still employed for certain 
special finishes, the dross-face pile upon 
billiard cloths, etc. But the bulk of modem 
raising is performed by raising plant of the wire 
card type, developed in a practical form in the 
eighties by Grosselin; this method permits of 
more powerful action with much increased out¬ 
put. Raising is one of the characteristic opera¬ 
tions on wool materials: the fluffy nap, pile or 
cover associated with woollen fabrics is one of 
the chief factors in the non-conducting warmth- 
promoting properties of such goods. 

(iii) The Pressing Process.—This is prac¬ 
tised on wool fabrics for reasons almost entirely 
aesthetic, very few changes resulting in physical 
or mechanical properties. In either static or 
dynamical forms, it nearly always employs the 
hydraulic principle. If considerations of output 
demand, then pressing by rollers—the equivalent 
of calendering in the cotton industry—is em¬ 
ployed. But the general predominance of raised 
or pile finishes in the wool industry precludes a 
too extensive use of pressing. The older manual 
operations displayed in the fixed hydraulic 
paper press are now very largely superseded. 
Automatic papering and feeding, electric heat¬ 
ing, full-width pressing and many other recent 
improvements have displaced the hand-worker. 

Humidity in Wool Goods. Finishing.— 
The colloid properties of the wool fibre are funda¬ 
mental in its practical utilisation. In addition 
to the wet treatment already described most 
finishing processes involve the special moisture 
relations of wool substance. Following on the 
scouring and milling operations, it is necessary 
to dry the fabric imder definite conditions of 
width and length. This is effected by two 
processes:— 

(1) Tentering.—In the special case of 
blankets the old system of drying “ in the fields’* 
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is still carried out, but the demands of modem 
output have made machine drying universal. 
The earliest tentering machines date from 
about 1870, but only in the past twenty years 
has much improvement resulted, particularly in 
heat consumption. Older machines consumed 
4-5 lb. of steam for each pound of water 
evaporated from the cloth; modem plant works 
with a consumption of less than 2 lb. of steam. 
It is only in recent years that the enormous cost 
of generating the high latent heat (966 B.Th.U.) 
of evaporation of water seems to have been fully 
realised in the textile trade. Mechanically the 
modem tenter has advanced greatly by the pro¬ 
vision of variable speed gears, automatic feeds, 
etc., also improvements have been made on the 
thermal side. The non-conducting or thermal 
insulation of the machine is to-day essential for 
the stoppage of high radiation losses. Better 
utilisation of the moisture-carrying power of 
the heated air is effected by re-circulation in 
whole or in part, and for the most rapid and 
complete evaporation of cloth water, the drying 
air must be sent through the cloth rather 
than merely over its surfaces. The physical 
principles governing evaporation by air currents 
are now better understood; air power is in¬ 
creased and higher velocities in the air flow are 
applied, and, as a general result, the modem 
tenter has double the efficiency of the older 
types. 

(2) Steaming and Dampening Processes. 
—These processes, the converse of the drying 
operations, add moisture to the wool fibre. It 
has been previously stated that the elastic 
properties are largely controlled by the state of 
humidity : the characteristic “ handle ” of wool 
material—a happy combination of springiness 
with softness, etc., depends mainly on the per¬ 
centage humidity (“ regain ”). As some pro¬ 
cesses, e.g, tentering. blowing, etc., alter this 
humidity materially, moisture is added to the 
fibre either by steaming, dewing or dampening as 
a spray, or even in special operations such as 
London Shrinking. Steaming from an open 
trough at atmospheric pressure is a rapid method 
of humidifying the wool tissue and is widely 
adopted where output is desired. Humidifi¬ 
cation by a spray of water droplets,—^fine jets 
playing on to an oblique glass surface—gives 
better results on the cloth, but in this latter 
case, ample time should be allowed for diffusion 
of the moisture from the surface to the interior 
of the fibre; this factor, a matter of several 
hours, has not been too well understood in the 
industry. 

General Considerations. —It will be seen 
from the foregoing matter that to-day some 
degree of theoretical guidance in the technics of 
wool finishing is possible. It is essentially an 
art dependent mainly on physical and mechani¬ 
cal principles with some guidance from wool 
chemistry. The appliances and machinery of 
the art have received much improvement in the 
last 20 years. Indeed, in some cases, e,g. shear¬ 
ing machines, it is difficult to foresee possible 
improvements, and in others, milling or fulling 
plant, little change has been made for many 
years. ProgT^ in organic chemist^—^par¬ 
ticularly in the chemistry of the proteins—^has 


yielded much knowledge of wool keratin, v. 
Fibres, Animal, Wool and Related Fibres 
(this VoL, p. 98). 

J. S. 

FINNEMANITE .—Chloro-arsenite of lead, 
3Pb3(As03)2'PbCl2» found in haematite at 
L&ngban, Sweden, as black hexagonal prisms, 
resembling mimetite, but differing from this 
in being a chloro-arsenite rather than a chloro- 
arsenate (G. Aminoff, Geol. For. Fdrh. Stock¬ 
holm, 1923, 45, 160). 

L. J. S. 

FIRE-CLAY. A refractory clay suitable for 
the manufacture of fire-bricks for funiace- 
linings, gas-retorts, crucibles, glass-house pots, 
etc. The qualities required for such goods are 
that they should retain their size and shape 
during firing, possess strength and durability, 
resist high and sudden changes of temperature, 
and the corrosive action of hot liquids and gases. 
The attainment of a combination of these 
qualities best suited to any particular purpose 
will depend more on the physical characters of 
the fire-clay than on its chemical composition, 
and actual trial of samples is desirable rather 
than detailed analyses. It is, however, essential 
that the material should consist mainly of 
aluminium silicate, with only small amounts of 
alkalis, calcium, iron (especially as pyrites), and 
titanium, all of which have the effect of lowering 
the fusibility. The presence of free silica also 
has the same effect, but to a much less degree. 
Pure kaolinite H4AI381203, m.p. about 1820°, 
and quartz m.p. 1710°, as cristobalite {q.v.) are 
both highly refractory, but mixtures have a 
lower melting-point than either, with a minimum 
of 1630° for 90% kaolinite and 10% quartz. This 
is, however, still above the lower limit (about 
1600°) usually allowed for a fire-clay. The best 
fire-clays occurring beneath beds of coal in the 
English coal-measures contain A1303, 20-30% 
and Si02* 50-70% (corresponding to about 
3-23% of free silica). With increasing amount 
of silica these clays gradually pass into sand¬ 
stones, which are also used as refractory 
materials; e.g. ganister (?.v.) and the so-called 
Dinas “ clay ” from the Vale of Neath in 
Glamorganshire, containing as much as 98% 
of silica. The following analyses are of fire¬ 
clays from: I. Stourbridge in Worcestershire, 
by C. Tookey {also ^20^ 0-06%). II. Dowlais 
in Glamorganshire, by E. Riley. III. Better- 
bed fire-clay from Bowling in Yorkshire, by 
J. W. Westmorland {also TlOg, 0«7%). IV. 
Plastic fire-clay from St. Louis, Missouri, 
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quoted by H. Ries, 1908 {also SO3, 0-35%). 
(For a large series of analyses of British and 
foreign fire-clays, v. Percy’s Metallurgy: Fuel, 
1875, 87.) 

The celebrated fire-clay of Stourbridge in 
Worcestershire is remarkable for the small 
amount of contraction that it undergoes when 
fired, the shrinkage of the unrefined clay being 
in some cases as low as 1%. For the purpose 
of reducing shrinkage, fire-clay is often mixed 
with ‘ grog,’ i.e. burnt fire-clay, which has also 
the effect of giving sufficient porosity to the 
fire-bricks to enable them to withstand sudden 
changes of temperature. A greater degree of 
porosity, with correspondingly less strength, 
required in the fire-bricks of household stoves, 
is often produced by mixing sawdust with the 
clay. 

A fire-clay occurring in the Millstone Grit 
series at Glenboig in Lanarkshire, has been 
examined by J. W. Gregory and D. P. Mc¬ 
Donald (Proc. Roy. Soc. Edin. 1910, 30, 348, 
374), who find that the fine-grained clay sub¬ 
stance forming the bulk of the material is 
present as minute rounded granules about 
0-001 mm. in diameter; this is amorphous and 
not crystalline, and is referable to the mineral 
species halloysite rather than to kaolinite. 
Embedded in it are abundant grains of quartz, 
some grains of felspar, and minute crystals of a 
rhombohedral carbonate referred to sidero- 
plesite (a variety of chalybite), A bauxitic clay 
from Kilwinning, Ayrshire, contains boehmite 
and diaspore (J. de Lapparent, Bull, Soc. Fran^. 
Min. 1935, 68, 246; Sum. Progr. Geol. Survey, 
Great Britain, for 1934, 1936, pt. 2, 1). 

Bibliography, —H. Ries, “ Clays, their Occur¬ 
rence, Properties, and Uses,” 3rd ed. New York, 
1927 ; A. B. Searle, ” Chemistry and Physics of 
Clays” 2nd ed. London, 1933; A. B. Searle, 

” Refractory Materials,” 3rd ed. London, 1940. 

L. J. S. 

FIRE EXTINCTION AND PREVEN- 

TIO N.—Combustion, as it exists in ordinary 
cases of fire, is due to the rapid combination of 
the burning material with the oxygen of the air 
at temperatures above the ignition-point. It 
may be extinguished either by lowering the 
temperature of the burning mass belpw the 
point necessary for the continuance of the 
combustion, or by cutting off the access of air, 
and so depriving the combustion of the oxygen 
which is essential for its support. 

The usual method adopted for extinguishing 
a fire is to pour on to the blazing material a large 
volume of water, and this acts partly by render¬ 
ing heat latent in its evaporation, and so cooling 
down the burning mass, and partly by the steam 
generated driving back the air and so giving 
time for the cooling action to take effect. 

The force with which the water is thrown 
upon the burning body also produces a con¬ 
siderable effect by sweeping the flame from the 
surface and so extinguishing the burning 
gaseous products. 

Although, in round figures, 1 lb. of well-dried 
wood on combustion will convert about 6 lb. 
of water into steam, yet in the early stages of 
a fire it is only the surface of the wood that is 


burning, so that the 6 lb. of water will have a 
useful effect over a considerable surface, whilst 
the steam generated occupies a volume about 
1,700 times that of the water used. 

In the use of water, a certain amount of 
discretion is necessary, as otherwise imdesired 
results may follow. For instance, in a big 
warehouse fire, the lower portion soon becomes 
a mass of red-hot carbonaceous matter, and if 
water is recklessly played into this, the water 
is almost instantly turned into steam, which is 
decomposed in passing through the surrounding 
red-hot carbon, forming a mixture of hydrogen 
and carbon monoxide, known as ” water gas.” 
This gas is inflammable, and by its combustion 
adds to the general blaze, while, if it escapes 
being ignited, it may collect under ceilings and 
roofs, where, mixing with air, it forms a highly 
explosive mixture liable to be ignited by any 
chance flame or spark. 

If, however, the water is directed on to the 
top of the mass, the carbonaceous matter is 
cooled downwards, so that the steam evolved 
does not pass through the glowing carbon, and 
there is thus the minimum generation of in¬ 
flammable products. 

The supply of water necessary for fire ex¬ 
tinguishing is usually derived from hydrants, 
fixed to street mains, wdiich also supply water 
for domestic, sanitary, and manufacturing 
purposes. 

A sufficient pressure is usually available from 
such sources of supply as to enable jets of water, 
distributed through flexible hose pipes, to reach 
to the seat of the fire. 

Where such pressure is inadequate, it is aug¬ 
mented by portable pumping apparatus forming 
part of the equipment of fire brigades. 

No system of fire protection can be con¬ 
sidered adequate that does not ensure a constant 
supply of water under pressure at all hours of 
the day and night. 

Automatic fire protection for the interior of 
buildings can be secured by the provision of a 
series of sprinklers suitably situated and attached 
to a pressure-water piping system. The orifices 
of the sprinklers are closed by a sealing device 
secured by a metal fusible at a temperature 
approximately 156°F. As soon as such a 
temperature arises due to the heat of conflagra¬ 
tion the sealing device collapses and water is 
distributed over the area desired. 

The increasing use of oil products throughout 
the world calls for entirely special methods of 
extinction suited to the heavy risks involved. 

It has been found possible to extinguish 
burning oil, by bombarding the burning surface 
with water under pressure in a finely divided 
state, the particles of water in contact with the 
burning material forming a temporary but 
incombustible emulsion. Petrol, however, can¬ 
not be dealt with successfully in this manner. 

The practice most generally adopted for the 
protection of oil and petrol storage tanks is the 
application of a foaming substance containing 
carbonic acid gas, to the surface of the oil. The 
first reference to such a substance amongst 
English patent records is that contained in 
B.P. 38367 of 1996 to A. G. Laurent of Petro- 
grad. 
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Foam of a suitable nature for the purpose 
required is obtained by mixing saturate solu¬ 
tions of bicarbonate of soda and aluminium 
sulphate with a stabiliser, which may be of a 
variety of substances such as saponin, glue, 
liquorice powder or quassia bark. The two 
solutions are used in the most convenient 
proportions for the mechanical methods of their 
application. The solutions when mixed produce 
foam in a bulk of approximately ten times their 
volume, containing in its mass CO2 gas in 
large quantities, and of a nature to- flow readily 
over a burning surface, and substantial enough 
to withstand rapid disintegration. Foam to an 
even depth of 6 in. over the burning material is 
considered sufficient for extinction. 

The solutions can be stored in tanks of a 
sufficient capacity to provide enough foam for 
the risk involved, or they can be made as 
required in small tanks having a continuous and 
controlled water supply into which the dry 
ingredients are introduced by mechanical 
means at a desired rate. In either system a 
pumping apparatus is usually employed de¬ 
livering the two liquids through separate pipe 
lines to the point where foam is required. 
When comparatively small quantities of foam 
are needed such as for the protection of ships’ 
engine and boiler compartments, the solutions 
can be supplied by gravity from tanks situated 
on an upper deck, or by steam or air pressure 
from closed solution-tanks. 

Another method for the continuous generation 
of foam, where a high-pressure water supply 
exists, is to insert the ingredients in the form 
of a single dry powder, through an open top 
hopper into a chamber in which a partial vacuum 
is formed by the passage of water through a 
nozzle on the injector principle. The water 
supply enters at one end of the chamber and 
carries the powder from the opposite end into 
a pipe line in which the foam is formed. 

Two machines of this character can be used 
to convey two separate powders to a distant 
meeting-point where foam is formed. 

In forcing foam through a pipe of com¬ 
paratively small diameter imder pressure, there 
is a tendency for the foam to break down and 
liquefy; therefore it is desirable when pipe 
lines of any appreciable length are employed, 
that solutions should be forced through separate 
lines of pipes to mix at the point of efflux. 

Foam cannot be delivered under pressure 
effectively through a nozzle to the same distance 
and with the same force as a jet of water, and 
the ideal conditions to be aimed at are its 
formation as close as possible to the point of 
application on the burning liquid and its delivery 
without undue disturbance of the surface. 

Portable foam appliances for garage and 
general industrial uses are made in liquid 
capacities varying from 1 gallon to 60 gallons, 
in which the two solutions are carried separately 
in a container, and which on being brought into 
contact react chemically to generate carbonic 
acid gas at sufficient pressure to expel the 
resulting foam through a short pipe line and 
distributing nozzle. 

Apparatus for the continuous generation of 
foam for city fire brigade use can be readily 
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accommodated on an automobile vehicle, the 
water supply being obtained from street 
hydrants, and the pumping apparatus operated 
from the transmission gear of the automobile. 

A successful method for the production of 
foam in conjunction with a petrol automobile 
fire-appliance is to utilise the exhaust gases 
from the petrol motor, which contain a large 
percentage of CO2, and to introduce them 
through a special mixing chamber into a stream 
of water under pressure from a street hydrant. 
A quantity of foam-producing compound is also 
forced into the mixing chamber by means of a 
small pressure pump operated from the lighting 
circuit of the automobile. An entirely efficient 
foam is thus made and delivered through an 
ordinary length of fire hose and nozzle. 

The same result can be obtained by the 
substitution of compressed air for exhaust gas, 
the air in most cases being compressed by the 
same source of power that provides the necessary 
high-pressure water supply. 

Air foam can also be made and distributed 
through a nozzle by the formation of a partial 
vacuum at the base of the nozzle, by means of a 
pressure water supply on the injector principle, 
drawing in a sufiicient supply of air at atmo¬ 
spheric pressure and a liquid stabiliser from a 
separate source of supply. 

Carbon tetrachloride is an efficient extinguisher 
for fires of a largely varying nature, and for 
those caused by defective electric insulation. 
It can be safely used in the presence of high 
voltage currents, where it would be dangerous 
to apply either water or foam. 

The most common form of apparatus for the 
distribution of carbon tetrachloride is a hand¬ 
worked piston pump fitted into a cylindrical 
container. Standard appliances are available, 
varying in capacity from 1 pint to several gallons. 
Carbon tetrachloride can also be stored in a 
closed receptacle and discharged therefrom by 
pressure of carbon dioxide released by means of 
a perforated capsule. 

Carbon tetrachloride is found also to be a most 
convenient fire extinguisher for fires on auto¬ 
mobiles, caused by the combustion of petrol. 
On reaching the burning material the liquid is 
instantly vaporised, forming a heavy black 
pungent smoke and having a blanketing effect 
by the exclusion of oxygen. 

Methyl bromide is a fire extinguisher, having 
special characteristics which make it convenient 
for use in aeroplanes. It is usually carried in 
hermetically sealed vessels under constant 
pressure, and released by the destruction of the 
sealing device. 

Care should be taken in the use of carbon 
tetrachloride and methyl bromide as fire 
extinguishers in enclosed spaces, as irritant and 
toxic conditions may obtain, requiring thorough 
ventilation subsequent to their employment. 

Liquid carbon dioxide is largely employed for 
the protection of electric generating stations 
i^d the cargo spaces of ships. It is anhydrous, 
a non-conductor of electric current, and can be 
effectively employed where the application of 
water would tie dangerous or deleterious to the 
material to which it is applied. 

Liquid carbon dioxide is stored in steel 
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cylinders having capacities up to 100 lb. weight. 
Such a quantity when expanded into the 
atmosphere represents approximately 900 cu. ft. 
of gas at atmospheric pressure. As many 
cylinders can be employed as the cubic capacity 
of the fire-risk area necessitates. 

Normal air when diluted with approximately 
26-30% of carbon dioxide at atmospheric 
pressure will not support combustion, and under 
the regulations laid down by the International 
Convention for the Safety of Life at Sea, 1929, 
such concentration is called for in connection 
with the fire protection of cargo spaces of 
passenger-carrying ships. For these purposes 
the gas should be released from its storage 
cylinders as quickly as possible, and the orifices 
of the cylinders and the piping loading there¬ 
from should be so proportioned as to allow of 
this residt being obtained without any tendency 
for such orifices to become obstructed by 
frozen particles through the rapid expansion of 
the gas from its liquid state. 

To secure rapid distribution a variety of 
methods are in practice for the control of the 
cylinder valves, either at close quarters or from 
a distance. The method most generally in use 
is the perforation of a metal disc closing the 
valve orifice either through a hand or mechani¬ 
cally operated lever. Distant and automatic 
control of distribution can be obtained by 
thermostat devices. 

A carbon dioxide equipment is usually 
carried on automobile apparatus, for use in 
aerodromes to deal with fires on crashed aircraft 
or in the hangars. By the instant release of a 
sufficient quantity of gas distributed through a 
flexible hose pipe it has been found possible 
temporarily to produce such conditions in the 
area of the flaming plane as to allow the approach 
of a rescue squad to release personnel in 
jeopardy. 

Carbon dioxide fire extinguishers are made in 
a variety of portable forms having cylinders up 
to 12 lb. capacity for manual use, or with 
cylinders of capacities up to 40 lb. for fixing on 
wheeled appliances. Such appliances are ex¬ 
tremely useful in dealing with small fires in 
enclosed spaces, especially those involving 
burning oil with a surface combustion and those 
caused by defective insulation of electric j 
currents. 

What is generally known as tlie “ Chemical 
Extinguisher ” is largely used for dealing with 
fire in its earliest stage. It consists of a metal 
cylinder of a capacity approximating to 2 gallons 
containing a solution of sodium bicarbonate in 
water and an hermetically sealed glass tube 
containing sulphuric acid of a specific gravity 
1-8. 

Through the fracture of the . tube by internal 
means a chemical reaction is obtained, by which 
CO2 gas at a sufficient pressure ejects the 
contents of the cylinder through a distributing 
nozzle. 

The CO2 gas is rapidly dissipated into the 
atmosphere and has little or no effect on the fire, 
the value of the appliance being a ready source 
of water supply under pressure. 

By the substitution of a solution of aluminium 
sulphate for sulphuric acid and the addition of 


a stabiliser to the soda solution the chemical 
extinguisher can be made to generate foam. 
A chemical extinguisher to meet official require¬ 
ments should be constructed in accordance with 
the specification of the British Standards 
Institute. 

A pad of water with a hand-operated pump for 
its distribution over the area involved has been 
found in practice to be the simplest and most 
effective appliance for extinguishing fire in its 
earliest stages. 

The most complete handbook dealing with the 
above subject is the “ Crosby-Fiske-Forster 
Hand Book of Fire Protection,” published by 
the National Fire Protection Association, 
Boston, U.S.A. 

J. H. O. 

FIREPROOFING OF FABRICS. 

The term “ fireproofing ” as applied to fabrics 
is not used in the dictionary sense. It implies a 
treatment with suitable deposits which render 
the fabric incapable of propagating flame. Such 
a fabric chars when brought into contact with 
an igniting source, and the gaseous decom¬ 
position products thus generated may bum on 
the surface, but flame is not propagated beyond 
the charred area. Fireproofing may thus reduce 
fire risks very considerably since the fabric does 
not then assist in the spreading of flame. 

A treatment which prevents flame propaga¬ 
tion may not necessarily j^revent smouldering 
or afterglow of fabric. This may persist after 
the igniting flame has been removed and the 
whole of the fabric may be destroyed by flame¬ 
less combustion. The greatest degree of safety 
from fire risks is therefore obtained by using a 
process which, besides preventing flame propaga¬ 
tion, also prevents afterglow, or in other words, 
possesses both fireproofing and glowproofing 
properties. 

Although a wide variety of fireproofing treat¬ 
ments are known, employing single substances 
or mixtures of various degrees of complexity, 
they may be classified into two types: the 
Temporary or Soluble Type which is removed by 
contact with water, and the Permanent or 
Insoluble Type wliich is intended for use. on 
fabrics which are to bo exposed in the open or 
are required to retain their fireproofness after 
washing. 

Relative inflammability of textile materials .—A 
strip of untreated cotton fabric suspended 
vertically and ignited at its lower edge burns 
with increasing rapidity until the whole strip is 
consumed. After the passage of the flame a 
black mass still possessing the fabric structure is 
left, which glows at the edges. The glow 
gradually travels across the strip leaving a black 
gossamer ribbon containing only a trace of 
carbonaceous matter. The rate of flame 
propagation depends on the width of the strip 
and on the weight and closeness of weave of the 
material. 

A strip of 4 oz./sq. yd. aero cotton 3 ft. long and 
6 in. wide, when ignited at its lower edge, bums 
the last 2 ft. at the mean rate of about 1 ft. 
in 4 seconds. 

linen, hemp and jute fabrics behave similarly 
to cotton, but the rate of flame propagation is 
slower. 
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Rayon fabrics may be regarded as having 
approximately the same inflammability as 
cotton, the acetate being the least inflammable. 

Woollen fabric on the application of flame, 
first chars and then melts, giving off volatile 
matter which bums, and this melts a further 
portion. After a short length has burned the 
molten mass becomes detached, carrying the 
flame with it, and the strip ceases to burn. 
The detached mass burns for a few seconds only 
and does not glow. 

Silk fabric chars and melts at a lower tempera¬ 
ture than woollen fabric, giving a much less 
viscous mass, which soon becomes detached 
carrying the flame with it and the strip ceases 
to bum; a hard, glossy ash is left which does 
not glow. This behaviour of woollen and silk 
fabrics when ignited makes them sufficiently 
fire-resisting for most purposes. 

Fireproofing processes have generally been 
developed in the first place for cotton fabrics, 
since the fire risks, especially in relation to this 
material, are regarded as constituting a serious 
drawback to its use for many purposes. The 
results obtained with cotton may be expected 
to apply to material composed of vegetable 
fibres, such as linen, hemp, jute and, to a 
limited extent, to rayon fabrics. 

Evaluation of fireproofness .—In evaluating 
the fireproofness of fabric which has been 
impregnated with deposits with the object of 
preventing flame propagation, the specimen 
under test may be fixed vertically, horizontally 
or obliquely. In one method the material is 
hung by an edge from a wooden lath and a 
lighted taper is applied at the middle of the 
bottom edge. If less than 5% of the total area 
is consumed at the end of 1 minute the material 
is described as fireproof. 

With the fabric in a horizontal or oblique 
plane, the tip of a standard flame is allowed to 
play on the underside for a stated time. In 
some cases a hole is made in the centre of the 
specimen and a flame brought to bear on the 
edge of the hole. The degree of fireproofness 
is assessed from the amount of fabric destroyed. 

There is little doubt that the vortical strip 
method provides a more severe test for fire¬ 
proofness than the other methods and probably 
gives more concordant results. One method 
which has been used, is carried out as follows^ ;— 
The material is cut into strips 18 in. long and 
1 in. wide. The strips are suspended vertically 
in a box perforated at the top and bottom and 
provided with a glass door. A flame 1 in. long 
from an orifice 0*6 mm. in diameter is introduced 
through a hole in the side of the box, allowed to 
play over the whole of the lower edge of the 
strip for 10 seconds and then removed. If not 
more than a 3-in. length of the specimen is 
charred the fabric is regarded as fireproof. 

When the igniting source is removed the 
charred mass may glow at the edges and the 
glow may extend over the whole of the charred 
area and sometimes beyond it. The fabric is 
regarded as glowproof if the glow does not 
travel more than a length of 1 in. beyond the 
original charred area. 

Besides preventing propagation of flame and 
the afterglow effect, a fireproofing process should 


not deteriorate the strength of the fabric or 
promote the growth of micro-organisms or be of 
a poisonous nature. It is also important in 
many cases that the flexibility of the fabric be 
retained. For use on fabrics which have to be 
ironed, a proofing is required which has no 
deleterious effect under the action of heat. 

FiREPROOFiNa Processes. 

Historical .—The records on the fireproofing 
of fabric date back to 1638. In that year 
Sabattini^ published a book dealing with the 
danger from fires in theatres and recommended 
that clay and plaster of Paris be mixed with the 
paint used on the canvas employed for decora¬ 
tion. The first patent dealing with the fire¬ 
proofing of fabric was granted to Wyld® in 
1735 for a solution of alum, borax and ferrous 
sulphate. Alum was also recommended by 
Poldhelm^ in 1739, and this substance was used 
by Montgolfier for impregnating his balloons. 
In 1786 Arfird** suggested the use of ammonium 
phosphate for fireproofing theatre curtains. 
The first systematic investigation on fireproofing 
api^ears to have been carried out by Gay- 
Lussac* in 1821. He impregnated strips of 
fabric with solutions of various salts and noted 
the effect when the material was subjected to a 
flame. It was concluded that the most active 
salts were those which had a low melting point 
and covered the surface of the fabric with a 
glassy layer or which gave off non-inflammable 
vapours on heating. Some 40 years later 
Versmann and Oppenheim ’ examined a large 
number of salts and classified them in accordance 
with their fireproofing properties. Under the 
heading of useful salts w’crc placed sodium 
tungstate, ammonium phosphate and am¬ 
monium sulphate. By about the middle of the 
nineteenth century most of the soluble salts now 
recognised as fireproofing agents had been used 
or suggested for fireproofing, either alone or in 
mixtures. To assist impregnation of the fabric 
by the fireproofer, saponin was suggested by 
Leger.® Various methods have been proposed 
to improve the adhesion and prevent dusting 
off on handling, of salts which crystallise on 
fabric; starch and glue have been used for this 
purpose. A number of mixtures of salts have 
been described which are stated not to crystallise 
on fabric. 

The possibility that a fireproofing agent may 
encourage bacterial growth on fabric has been 
referred to and to prevent this carbolic acid 
and similar germicides have been added. All the 
early fireproofing agents were essentially of the 
Temporary type. The introduction of flannel¬ 
ette as a substitute for wool led to considerable 
activity in attempts to obtain a fireproofer of 
the Permanent type which would withstand 
the normal laundry treatment. In this con¬ 
nection Perkin* developed the stannic oxide pro¬ 
cess and Craig et al. put forward a process 
employing a double carbonate of aluminium 
and sodium. A method of fireproofing fabric 
by covering it with a metallic layer was devised 
by Schoop.^^ Aluminium was used to reduce 
the inflammability of balloon fabric. In more 
recent years a number of fireproofing processes 
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have been published which employ organic 
substances such as chlorinated naphthalenes, 
halogen substitution products of carbocyclic 
compounds and alkylamine salts of inorganic 
acids. 

Tempoeaey Fieepeoofees. 

The simplest and cheapest way of fire¬ 
proofing fabric is to immerse it in an aqueous 
solution of a suitable soluble salt. The fabric 
is then wrung out and dried. Many suitable 
salts are available. Such processes are for use 
only on fabrics which are not exposed in the 
open or laundered. 

Single Substances.—A classification of a 
number of soluble substances in accordance 


with their fireproofing properties has been made 
and is given below. This is based on the vertical 
strip method of evaluation detailed above. In 
this classification substances are described as— 

A. Fireproofers and glowproofers. 

B. Fireproofers. 

C. Non-effectives. 

The minimum quantities of the substances in 
Classes A and B, expressed as percentage weight 
of the fabric, required to prevent flame propaga¬ 
tion of a 4-oz. aero cotton are given. Substances 
are regarded as non-effectives. Class C, if they 
do not prevent flame propagation when present 
in amounts greater than 70% of the weight of 
the fabric. 


Classification of Soluble Deposits. 


A 

Wt. 

Ammonium borate . 

24 

Ammonium bromide 

7 

Ammonium chloride 

22 

Ammonium iodide . 

14 

Ammonium molybdate . 

7 

Ammonium phosphate . 

12 

Ammonium sulphate 

18 

Borax. 

fiO 

Calcium chloride 

14 

Guanidine phosphate . 

19 

Magnesium chloride. 

Ifi 

Phosphoric acid . 

10 

Sodium aluminate . 

19 

Sodium arsenate 

33 

Sodium bisulphate . 

30 

Sodium silicate . 

20 

Sodium stannate 

18 

Sodium tungstate . 

9 

Zinc chloride. 

12 


n 


Ammonium vanadate 
Arsenic acid .... 
Lithium hydroxide . 
Potassium carbonate 
Potassium hydroxide 
Potassium nitrate 
Potassium permanganate 
Potassium phosphate 
Potassium dihydrogen 
phosphate .... 
Potassium thiocyanate . 
Sodium bicarbonate . 
Sodium carbonate 
Sodium hydroxide 
Sodium molybdate 
Sodium phosphate 
Sodium selenite . 

Sodium vanadate 


Wt. 

(; 

9 

Ammonium alum. 

20 

Ammonium carbonate. 

5 

Ammonium nitrate. 

16 

Ammonium tungstate. 

8 

Boric acid. ! 

13 

Guanidine carbonate. 

22 

Lead nitrate. 

27 

Microcosmic salt. 
Potassium alum. 

30 

Potassium hydrogen 

25 

phosphate. 

23 

Potassium ethyl sulphate. 

12 

Sodium chloride. 

10 

Sodium dihydrogen phos¬ 

6 

phate. 

20 

Sodium hydrogen phos¬ 

36 

phate. 

n 

Sodium sulphate. 

Sodium thiosulphate. 

1 


Many of the substances in Class A have lK*cn 
and are still extensively used for fireproofing. 
Ammonium bromide, ammonium sulphate, 
ammonium phosphate and sodium tungstate 
may be singled out as fireproofers readily 
procurable and of high efficiency. 

Effect on the Strength of Fabric .—The early 
observers Versmann and Oppenheim* and 
KegheD® found that many substances used for 
fireproofing had a destructive action on fabric. 
Sibley boiled pieces of light and heavy duck 
in solutions of various fireproofers and deter¬ 
mined the breaking strength. In most cases 
considerable tendering occurred, sodium tung¬ 
state having the least effect. The results of 
tests by Ramsbottom and Snoad ^ on the changes 
in strength of a 4-oz. aero cotton proofed with 
various substances (1) when kept in a room at 
ordinary temperatures, ^2) exposed to sunlight 
under glass, and (3) heated to 120°C., are given 
in the ^ble in the next column. 

Although at ordinary temperatures no 
appreciable deterioration occurred with any of 
the deposits, exposure to sunlight or elevated 
temperatures caused, in most cases, a con¬ 
siderable loss in strength. From these results 
it may be concluded that for the fireproofing 


I)eiX)8lt. 

% Loss ill tensile 
strength. 

(1) 

(2) 

(3) 

Ammonium borate . 


20 

19 

Ammonium bromide 

c 

91 

91 

Ammonium chloride 

i 

93 

94 

Ammonium phosphate . 


49 

43 

Ammonium sulphate 


61 

64 

Borax. 

a 

41 

51 

Calcium chloride . 


86 

17 

Sodium silicate . 

&" 

49 

4 

Sodium tungstate 

e8 

82 

3 

(Fabric control) . 


30 

0 


(1) Exposed In a room at ordinary temperature and 
humidity for 300 days. 

(2) Exposed under glass at 45° in the open, facing 
south, for 200 days. 

(3) Heated in an oven at 120°C. for 4 hours. 

of curtains and similar materials exposed behind 
glass to direct sunlight, ammonium borate and 
borax would probably be least destructive. 
For clothing and materials which are to be 
subjected to the laundry ironing process or are 
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to be exposed above ordinary temperatures, 
sodium tungstate seems to be the obvious 
choice. 

Mixtures. —The majority of fireproofing 
processes put forward employ mixtures of 
substances. This is readily understood as it 
seems likely that the deficiencies of a fire* 
proofer in any particular respect can be overcome 
by the addition of one or more substances which 
possess or can impart the desired property. 
A large number of suitable binary mixtures are 
available. Mixtures of ammonium salts are 
frequently used, but as the properties of these 
mixtures are the sum of the properties of the 
constituents there is little to be gained by 
using such mixtures in preference to the single 
salts. 

Mixtures of alkali metal salts may, however, 
be more effective fireproofers than the con¬ 
stituents. 

Although ammonium salts are decomposed by 
many of the alkali metal salts used for fire¬ 
proofing, such mixtures are sometimes used. 
In some cases the fireproofing properties of the 
constituents are partly destroyed by admixture, 
but in a few cases improvement results. 

A number of binary mixtures containing 
boric acid possess outstanding properties. 
Mixtures of borax and boric acid are of special 
interest. The most effective mixture appears 
to be one containing 30% boric acid. This 
mixture, when applied to light cotton fabric to 
the extent of about 6% of the weight of the 
fabric, prevents the propagation of flame and 
afterglow.^ The proofed fabric retains its 
softness and flexibility and does not become 
dusty or feel damp. Specimens stored for 100 
days at ordinary temperature retain their 
strength unimpaired. When stored at 40“C. the 
loss in strength after 365 days was found to be 
7%, and specimens exposed under glass to 
direct sunlight for 100 days lost 27% of their 
strength, the untreated fabric losing 20% 
during the same period. The mixture is non- 
poisonous and has been shown not to promote 
the growth of destructive micro-organisms. It 
is cheap and its application to fabric is simple. 
There is little doubt that such mixtures owe 
their efficiency as fireproofers partly to the 
fact that they do not crystallise on the fabric. 
A number of ternary mixtures have been pro¬ 
posed which possess advantages over binary 
mixtures in that their fireproofing efficiency on 
a weight basis is slightly greater. One successful 
mixture is borax 60, boric acid 35, sodium 
phosphate 16. This prevents flame propagation 
on light cotton with an added weight of 6%. 
No afterglow occurs. Less improvement can 
be expected in quaternary mixtures, since theo¬ 
retically the scope for improvement will become 
less as the numW of the constituents increases. 
It is probable that none of the quaternary 
mixtures put forward shows any marked improve¬ 
ment over the best binary and ternary mixtures, 
particularly as regards flame propagation and 
afterglow. 

Pebmansnt Fxrepboofsbs. 

Water-soluble deposits are not suitable for 
fabrics which are to be exposed in the open air. 


and a deposit of the insoluble type is necessary 
for fireproofing such fabrics as tent and hangar 
canvas, deck awnings and outdoor covers of 
various kinds. 

The problem of preparing a suitable permanent 
fireproofer is much more difficult than the pro¬ 
duction of temporary fireproofers, since a per¬ 
manent fireproofer may have to withstand 
prolonged exposure to rain, sunshine and wind. 
It is generally recognised that no satisfactory 
permanent fireproofing process has yet been 
evolved, but a considerable measure of protec¬ 
tion against fire risks is possible, especially with 
respect to flame propagation. 

Single Substances.—A classification, as 
shown in the table on p. 214, of a number of 
insoluble deposits representing various classes 
of chemical compounds has been made on 
the lines of the method given above for 
soluble substances. The deposits were generally 
formed from two solutions by double decom¬ 
position, but in a few cases a single solution was 
used which gave an insoluble deposit when the 
impregnated fabric was dried and then im¬ 
mersed in boiling water. After proofing the 
specimens were washed in running water for 
1 hour. 

In this classification the columns show 
A, fireproofers and glowproofers; B, fire¬ 
proofers; C, non-effectives. The figures in A 
and B are the minimum amounts of the deposits 
necessary to prevent flame propagation, ex¬ 
pressed as percentage weight of the fabric, 
while in C they are the maximum amounts 
which could be conveniently precipitated on the 
fabric. Deposits in Class C adhered badly to 
the fabric in many cases, and the afterglow 
effect was not generally observed when the 
burning fabric was extinguished. 

Only one of the substances possessed both 
fireproofing and glowproofing properties and 
only a few^ prevented flame propagation. The 
contrast in behaviour between insoluble and 
soluble deposits is very striking, as in the latter 
case 37 out of the 53 substances tested pre¬ 
vented flame propagation. Apart from anti¬ 
mony oxychloride, the most effective fire¬ 
proofers were ferric oxide, stannic oxide, lead 
oxide and manganese dioxide. 

Effect on the Strength of Fabric and Permanence 
to Weathering Action .—The results of exposure 
tests on a 4-oz. cotton fabric proofed with various 
deposits and exposed at an angle of 45*^ for 
6 months, in the open air, facing south, are 
given in the table at foot of p. 214. The 
specimens were also tested for fireproofness. 

At the end of the exposure only two of the 
specimens, those with ferric oxide and lead 
oxide, prevented flame propagation. Most of 
the specimens underwent a greater loss in 
strength than untreated fabric. Stannic oxide 
and titanium oxide caused complete destruc¬ 
tion. Lead chromate, chromic oxide and ferric 
chromate had no deteriorating action, while 
silica and alumina gave a measure of protection. 
Although these latter deposits are not fire¬ 
proofers, they are useful constituents for mix¬ 
tures as no afterglow occurs with fabric on 
which these substances have been precipitated. 

There is little doubt that on a weight basis 
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Classification of Insoluble Deposits. 


A 

Wt. 

% 

C 

Wt. 

% 

C 

Wt. 

% 

Antimony oxychloride 

30 

Aluminium acetate 


Ferric phosphate 

40 



(basic). 

140 

Lead chloride 

24 




59 

l.ieB,d peroxide 

60 


Wt. 

Aluminium fluoride. 

76 

Magnesium ammonium 


B 

% 

Aluminium oxide . 

70 

phosphate 

126 



Aluminium silicate . 

100 

Magnesium borate . 

35 

Aluminium stannate . 

64 

Aluminium tungstate . 

60 

Magnesium oxide . 

15 

Antimonious oxide. 

79 

Barium carbonate . 

91 

Magnesium silicate . 

116 

Ferric chromate 

24 

Barium oxalate . 

78 

Nickel oxide 

76 

Ferric oxide 

19 

Barium sulphate 

100 

Potassium silicofluorido 

64 

Lead chromate 

37 

Bismuth trioxide 

40 

Silica. 

400 

Lead monoxide 

21 

Cadmium oxide 

67 

Silver oxide .... 

40 

Manganese dioxide 

22 

Calcium carbonate . 

50 

Stannous oxide . 

40 

Stannic oxide . 

20 

Calcium fluoride 

50 

Thorium oxide . 

60 

Tin tungstate . 

50 

Calcium phosphate . 

52 

Tin phosphosilicate. 

64 

Zinc stannate . 

40 

Calcium stannate 

46 

Titanium oxide . 

40 



Calcium tungstate . 

96 

Zinc ferrocyanido 

48 



Cerium oxide 

69 

Zinc fluoride.... 

70 



Chromic oxide . 

91 

Zinc oxide .... 

22 



Cobalt oxide. 

52 

Zinc tungstate . 

54 



Copper oxide 

19 

Zirconium oxide 

120 


all the single insoluble deposits are much amount of an adsorbed alkaline salt is present, 
inferior to the best soluble type. The most Such adsorbed salts are not completely removed 
effective fircproofer appears to be ferric oxide, by slight washing with water. This explmns 
It only requires a relatively small added weight why many insoluble deposits, such as magnesium 
to render fabric fireproof, and this property is borate, aluminium tungstate, other insoluble 
retained on weathering for at least 12 months in borates and tungstates as well as phosphates, 
certain cases. Fabric proofed with ferric oxide silicates, hydroxides of aluminium, zirconium, 
has, however, the great drawback that when titanium, silicon, zinc and magnesium, have 
brought into contact with an igniting source it been described as permanent fireproofers. In 
glows and is completely destroyed by flameless all cases alkali salts enter into the formation 
combustion. of the deposits and adsorbed salts are retained 

Treatment of fabric with stannic oxide, if the washing is incomplete, 
sometimes described as Perkin’s process,® Mixtures. —So far no success has been 

produces a similar effect, but unlike ferric oxide achieved in attempts to obtain a permanent fire- 
it quickly loses its property of preventing flame proofing treatment involving the deposition of 
propagation when subjected to the action of one insoluble substance only on the fabric. All 
rain. This property can, however, be restored the effective fireproofers cause vigorous after- 
by treatment of the fabric with dilute alkali, glow. To overcome this defect it is necessary to 
In the ordinary laundry wash, the fireproof deposit one or more additional substances on 
condition is retained if the proofed material is the fabric. 

only rinsed in water after the soap and soda A number of binary mixtures have been put 
boil. forward. Mixtures containing synthetic chlori- 

Many other deposits, which are otherwise nated resins have been proposed with the 
inert, prevent flame propagation when a small object of preventing afterglow.^® Inert oxides 


Deposit. 

% Loss in 
strengtti. 

Deposit. 

% Loss in 
strength. 

Aluminium oxide .... 

10 

Ferric chromate. 

32 

Aluminium stannate . 

90 

Ferric oxide . . ... 

46 

Antimony oxychloride 

54 

Lead chromate. 

26 

Barium carbonate 

55 

Lead oxide ... 

80 

Barium oxalate .... 

52 

Manganese dioxide .... 

40 

Calcium tungstate 

36 

Silica. 

9 

Cerium oxide. 

56 

Stannic oxide. 

100 

Chromic oxide. 

26 

Tin tungstate. 

59 

Copper oleate. 

29 

Titanium oxide. 

100 

Copper oxide. 

33 

Zino stannate. 

85 


Zino stearate. 

43 



(Fabric control). 

31 
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and salts have been tried for the same purpose. 
None of the binary mixtures so far proposed 
retain their fireproofing and glowproofing 
properties sufficiently long to be of practical 
use for fabrics expos^ in the open. 

Ternary mixtures containing metallic oxides 
and waterproofing agents, such as aluminium 
stearate, have given little improvement over 
binary mixtures, but some success has been 
achieved with mixtures of active oxides, such 
as ferric oxide and stannic oxide, with inert 
oxides, such as tungstic oxide and silica or with 
chlorinated compounds.^® SiJecimens proofed 
with some of these mixtures have withstood 
exposure for 6 months in the open without 
losing their fireproof and glowproof properties. 
The main drawback to such processes is the 
relatively large weight of deposit required which 
may amount to IJ oz. per sq. yd. on a 4-oz. 
fabric. Also, the process involves a number of 
precipitations. 

Quaternary mixtures based on the same 
principles as those employed for ternary mix¬ 
tures have the same defect and the weights 
involved are correspondingly greater. 

It is probable that none of these processes will 
in practice show a satisfactory behaviour for 
periods longer than one year. 

Mechanism of Fibepboofino Action. 

Early workers came to the conclusion that the 
fireproofing action of soluble salts could be 
explained in one of the following ways: (1) the 
fireproofing agent fuses below the ignition 
temperature of fabric and coats it with a layer 
more or less impermeable to air; (2) the fire¬ 
proofing agent evolves non-inflammable gases 
which extinguish flame; (3) the heat of the 
flame is taken up by some change in the fire¬ 
proofing agent which absorbs heat; (4) the heat 
of the flame is dissipated by conduction. Recent 
investigations ^ have shown that none of these 
explanations fully accounts for the observed 
facts. It has been established ^ that the reaction 
between a fireproofer and cellulose is essentially 
of a chemic^ nature. Efficient fireproofing 
agents act as catalysts attacking cellulose at 
temperatures below the ignition point and giving 
rise to volatile products which are not capable 
of sustaining flame. When fireproofed fabric is 
brought into contact with flame, charring occurs 
at the point of contact and in the near neigh¬ 
bourhood, at temperatures below the charring 
point of untreated fabric, but subsequent flame 
propagation does not take place. 

The afterglow effect which accompanies the 
use of some deposits which prevent flame 
propagation is regarded as a secondary pheno¬ 
menon and is due to the combustion of the 
carbonaceous matter in the charred fabric, the 
deposit acting as a catalyst. The action in 
some cases is sufficiently vigorous to cause the 
decomposition of unchanged fabric and may lead 
to its total destruction. Exclusion of air by 
the formation of a glassy layer or a blanket of 
inert vapours on the charred fabric will prevent 
afterglow. 

In^uble fireproofing deposits act as catalysts 
but with deposits of oxides, the action may be 


regarded as a catalytic oxidation effect. This ' 
explains why only those oxides which are 
readily reduced prevent flame propagation. 
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FIREPROOFING OF TIMBER.— 

Owing to its organic nature wood decomposes 
when exposed to high temperatures. No 
matter to what treatment it has been subjected 
it will char, and in presence of sufficient air will 
bo almost entirely consumed. Therefore the 
term “ fireproofed timber ” is not strictly 
accurate. Nevertheless, wood which has been 
treated with certain chemicals may be subjected 
to intense heat without flaming and without the 
fire spreading beyond the heated area; if the 
source of heat is removed the charred portion 
rapidly cools without any persistence of burning 
or glow. It is in this more limited sense that the 
term is used. 

Numerous attempts have been made to 
introduce a more satisfactory term. Chemicals 
which confer this property are frequently 
described as fire retardants, but no more suitable 
alternative term has yet been coined to describe 
the process of fireproofing. In British Standard 
Specification No. 476 (1932) it is recognised that 
the term “fireproof” is misleading and the 
following definitions are given for fire-resistance, 
incombustibility and non-inflammability as 
applied to building materials and structures :— 

Fire resistance is a relative term used in the 
specification to designate that property by 
virtue of which an element of a structure, 
such as a door, beam, or column, as a whole 
functions satisfactorily for a prescribed 
period whilst subjected to a prescribed 
heat influence and load. An incombustible 
material is one which neither bums nor 
gives off inflammable vapours in sufficien 
quantity to ignite a pilot flame when heated 
in the manner specified. Combustible 
materials shall be graded as “ non-in- 
flammable maJterialj' “ material of very low 
inflammability,^' and “ material of low in¬ 
flammability ” according to their behaviotir 
when tested in accordance with the specifica¬ 
tion. 
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Doors constructed of fireproofed wood are able 
to resist the passage of fire for 1-2 hours and 
are therefore classed as fire-resisting. The 
I^ondon Building Act also approves fireproofed 
wood as fire-resisting; the New York Building 
Code recognises it as incombustible. 

Behaviour of Wood in Fire. 

Wood substance, which consists mainly of 
cellulose, lignin and hernicolluloses, is stable for 
a reasonable time at temperatures below about 
275°C. It is true that at temperatures below 
275°C. moisture is removed, and slight decom¬ 
position occurs, but this is serious only if 
exposure is prolonged; wood in contact with 
hot water pipes darkens and resembles wood 
which has been decayed by the dry-rot fungus. 
Campbell and Booth (Biochem. J. 1930, 24, 
641; 1931, 25, 756) showed that wood exposed 
to temperatures not exceeding 55®C. for 11 days 
undergoes sufficient hydrolysis for the effect to 
be detected by chemical analysis, and incipient 
hydrolysis of the more resistant softw’oods, 
typified by silver fir, is detectable at 80°C. These 
chemical effects are accompanied by marked 
reduction in strength. The importance of 
careful control of temperatures to suit individual 
species in kiln-drying is thus evident. 

When heated to about 300°C. wood de¬ 
composes, inflammable gases and vapours are 
liberated, and charcoal is formed. If the 
vapours are liberated in sufficient quantity and 
ignited the temperature of the adjoining wood is 
raised, the action spreads rapidly and becomes 
exothermic; the wood bums. In presence of 
sufficient air the charcoal glows and is almost 
completely consumed, only a small amount of 
ash remaining. The speed of combustion is 
dependent on the ratio of the surface of the 
wood to its mass. A small splinter bums 
rapidly, and the charcoal is readily consumed. 
A thick baulk of timber becomes coated with a 
layer of charcoal, and unless more heat is 
applied, and in the absence of a strong current 
of air, the charcoal is not consumed but forms 
an insulating layer on the wood. Heavy 
timbers are consumed so slowly in large sizes 
that they retain considerable strength after 
prolonged exposure in severe fires. This fact 
is the basis of the “ slow-burning heavy-timber ” 
or “ mill ” type of construction. 

Historical. 

The problem of fireproofing wood is very old. 
According to Herodotus, impregnation with 
alum as a means of fireproofing w^as practised 
by the Egyptians. Aeneas Tacticus (400 b.c.) 
recommended vinegar, and Aulus Gellius re¬ 
ported that the wooden defensive towers at 
the siege of Piraeus, 87 b.c., were protected 
from fire by a solution of alum. A British 
patent on a method for fireproofing the wood, 
canvas and ropes of ships was issued in 1625. 
Gay-Lussac (Ann. Chim. Phys. 1821, [ii], 18 , 
211 ) impregnated strips of hemp and linen fabrics 
with 10 and 20% of various salts and found that 
mixtures of ammonium phosphate with am¬ 
monium chloride or borax (1:1) prevented both 
flaming and glowing. Yersmann and Oppen- 


heim (Brit. Assoc. Reports, 1869, 29 , 87) 
examined a large number of salts for fire¬ 
proofing and secondary effects, and classed as 
useful salts sodium tungstate, ammonium 
phosphate, sodium ammonium phosphate, 
ammonium sulphate, and a mixture of am¬ 
monium chloride and phosphate. Since that 
time hundreds of patents have been granted for 
fireproofing processes. 

Fireproofing on a commercial scale appears to 
have originated in America and was under¬ 
taken in response to a demand by the Navy 
for fireproofed w'ood for decks and other parts 
of warships. The process, which was operated 
by the Electric Fireproofing Company, was that 
developed by M. Bachert (U.S.P. 602867). 
The wood was impregnated under pressure with 
a solution of ammonium sulphate and ammonium 
phosphate after preliminary steaming and 
vacuum treatments. Further impetus was 
given to the development of the industry by the 
1899 revision of the New York City Building 
Code which provided for the use of chemically 
treated wood for the interior woodwork of 
buildings over twelve stories high. The Navy 
discontinued its use in 1902 after experiencing 
trouble from the corrosion of metal fastenings, 
and in painting, due to the hygroscopic nature 
of the fireproofed wood. In 1926 the Bachert 
process was revived and taken over by the 
Protexol Corporation of Kenilworth, N.J., 
which is now the premier fireproofing company 
in the United States (G. M. Hunt and G. A. 
Garratt, “ Wood Preservation,” 1st ed., McGraw- 
HiU Book Co., New York, 1938, p. 399). 

In this country the most important concern 
is the Timber Fireproofing Company of Market 
Harborough. The ‘* oxylene ’* process which they 
operate employs a solution, patented by A. W. 
Baxter (B.P. 6209/1905), of ammonium phos¬ 
phate and boric acid in water, the preferred 
proportions being 12:1:87. Timber is subjected 
to steam and vacuum treatment before impreg- 
no^tion (Engineering, 1925, 119 , 11). It is 
claimed that wood so treated will not ignite* 
or spread fire, that it is not hygroscopic and 
will not cause corrosion of fittings, that it is 
resistant to attack by fungus, and that it can 
be cut or painted as ordinary wood. All wood 
installed in vessels of the Royal Navy and in 
the underground rolling stock of the London 
Passenger Transport Board is fireproofed by 
this process. 

The Mechanism of Fireproofing. 

Gay-Lussac was the first to propose a theory 
of the action of fireproofing salts and his theory 
has been generally accepted up to the present 
time. He found that the chemicals act in two 
ways. Some melt to form a glaze on the surface 
of the wood and so prevent ingress of oxygen. 
This is the mode of action of suMtanoes such as 
borax or phosphoric acid. Other substances 
decompose and liberate inert gases such as 
water vapour, carbon dioxide or ammonia, 
which mix with the inflammable gases derived 
from the wood substance and render them 
non-inflammable. A salt such as mono¬ 
ammonium phosphate would act in both these 
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ways, and this would account for its high 
efficiency. Heat would also bo absorbed in 
decomposing the chemical and less heat would 
therefore be available for spreading the fire; 
moreover, the higher thermal conductivity of 
the treated wood would result in increased 
dissipation of heat. 

Gillet (Chim. et Ind., Special No. 1929, 221) 
showed that if water is present in sufficient 
quantity the heat required to convert it to 
vapour could be in excess of that produced by 
the combustion of the wood when allowance 
has been made for external loss of heat. Hunt, 
Truax and Harrison (Proc. Amer. Wood 
Preservers Assoc. 1932, 71), however, found no 
consistent relationship between the effectiveness 
of various chemicals and their water of crystal¬ 
lisation. R. Schlegel, “ Unters. ii. d. Grundl. d. 
Feuerschiitzes v. Holz. Diss. Verlag Chemie,” 
Berlin, 1934, showed that the extinguishing 
action of inert gases depends on their average 
molar heat in the range room-temperature- 
combustion-temperature, and the effectiveness 
of the gases examined fell off in the order N Hg, 
SOg, COg, Ng. 

Evidence is now accumulating to show that 
the effect is mainly chemical, that the action is 
to dehydrate the wood, i.e. to remove chemically 
combined water, and that the other effects are 
of secondary importance. N. A. Richardson 
(J.S.C.I. 1937, 66, 202T) has shown that wood 
treated with chemicals known to be effective 
fire retardants, on carbonisation at temperatures 
above 300®C., yields considerably more charcoal 
than untreated wood or wood treated with other 
chemicals. It was found, too, that the chemicals 
which have this property, with the possible ex¬ 
ception of borax, are those which dissociate on 
heating to give a free acid radical. Results 
published by the Forest Products Research 
Board (Ann. Report for 1938-1939, 40) confirm 
the view that dehydration is involved (Table I). 

Table I. —Pkoducts Resulting from 
Heating at 460°C. 

Untreated 
wood. 

26 


33 

19 

22 

100 


Charcoal. 

Condensable organic 
vapours, tar, etc. . 

Water. 

Uncondensed gases (by 
difference) .... 


Wood 
treated 
with 20% 

NH4CI. 

48 

9 

35 

8 

100 


The fire-retardant induces decomposition of 
the wood substance to carbon and water. This 
results in a decrea.se in the amount of inflam¬ 
mable gases and vapours evolved, and these are 
so diluted that flaming is retarded or prevented. 

L. Metz (Holz, 1938, 1 , 217) confirmed the 
action of acid substances in effecting a prema¬ 
ture carbonisation of wood, and suggest^ that 
carbonisation is probably preceded by saccharifi¬ 
cation. He found that alkalis or substances 
which produce alkalis on heating also accelerate 
carbonisation, though not to the same extent 
as acids, but that neutral salts do not. E. F. 


Hartman (Proc. Amer. Wood Preservers’ Assoc. 
1936, 218) emphasised the importance of the 
condition of the charcoal; that from fire¬ 
proofed wood is very hard and has a large 
number of fine cracks, whilst that from untreated 
wood is soft and contains wide, deep grooves. 

These theories refer to salts which are used 
to impregnate wood. On the other hand, fire¬ 
proof paints and coatings act mechanically in 
covering the wood with a layer of non-inflam¬ 
mable material and so insulating it from flames 
or other sources of heat. They do not modify 
the wood and in large fires often crack and leave 
the wood unprotected. As many fires start from 
small sources, however, they are of value in 
preventing the spread of fire in the initial 
stages. 


Tests for Fireproofed Timber. 

Methods of testing the fire-resistance of wood 
may be grouped broadly into (1) fire-endurance 
tests for elements of structures in which wood 
in the form in which it has to be used in buildings 
(doors, columns, beams, etc.) is tested under 
conditions which simulate those which occur 
in a fire; (2) acceptance tests, which set a 
standard to be attained by fireproofed wood 
and enable users and plant operatives to tell 
whether wood is adequately treated. Such 
tests also enable poor methods to be eliminated; 
and (3) tests devised to compare the value of 
different chemicals as fire-retardants. 

There are several independent factors involved 
in the fire-resistancc of wood, such as ignition, 
flame spread, flame penetration, glowing, heat 
transmission, and loss of strength. Small-scale 
tests are satisfactory only if they measure at 
least one of these factors. In the past most 
workers have devised their own tests and as the 
units of measurement are arbitrary, there is 
little correlation l)etween the different results. 

Much of the earlier work on the comparison of 
fire-retardants was carried out on cellulose 
materials other than wood, such as fabrics and 
paper with which the ability of flame to spread 
can easily be observed. In the case of wood 
the splinter test constitutes a rough qualitative 
test for fire-retardance. When a splinter of 
well treated wood is held in a flame it chars, and 
on removal from the flame any burning or 
glowing ceases immediately, the charcoal 
remaining firm and hard. This test cannot be 
standardised, but developments have led to the 
more satisfactory shavings, crib and timber 
tests. 

Fire-Endurance Tests. —^The fire-resistance 
of structural elements is usually determined by 
tests on relatively large specimens. Such tests 
are expensive and can only be carried out in 
specially equipped testing stations. Stations 
have, however, been estabUshed in various 
countries, notably Britain, United States, 
Germany and Sweden. Fire tests on doors were 
first carried out by the British Fire Prevention 
Committee of the National Fire Brigades 
Association in 1899, and results of tests on 
various structures were published in the Red 
Books in the succeeding years. In 1935 a 
station was opened at Elstree by the Fire Offices 
Committee (Engineering, 1935, 140 , 618) which 
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has facilities for testing fire-resistance in accord- 
ance with the British Standards Institution— 
“ Definitions and Methods of Test for Fire 
Resistance, Incombustibility and Non-Inflam¬ 
mability of Building Materials and Structures ” 
(B.S. No. 47fl-~-1932). 

British Standard Methods of Test: Fire- 
Resistance, —Elements of structure are tested. 
They should be full size or not less than 10 ft. 
by 10 ft. and restrained or loaded as they would 
be in service, the test load being IJ times the 
design load. Unloaded structures are subjected 
to a blow from a faUing 10 lb. ball, and struc¬ 
tures which are fire-resisting for more than 2 
hours are also subjected to a water jet. 

The surface of the elements is heated to 
temperatures controlled according to the 
standard time-temperature curve, i.e. to 1,000°F. 
at 5 minutes, 1,,300°F. at 10 minutes, 
1,550°F. at 30 minutes, 1,700°F. at 1 hour, 
1,850®F. at 2 hours, 2j050®F. at 4 hours, 2,200°F. 
at 6 hours, and 2,300°F. at 8 hours. The 
temperature of the unexposed face of walls, 
floors, etc., functioning as separating structures, 
must not rise by more than 250°F. above the 
normal temperature, no cracks should form 
through which fire might pass, and the structure 
must remain rigid. According to the length of 
time during which the elements satisfy the 
conditions they are classified as Grades A 
{protection against fire for 6 hours), B (4 hours), 
C (2 hours), D (1 hour), or E (J hour). 

It should be noted that the test applies 
primarily to the design of a fire-resisting 
structure, and not directly to the effectiveness 
of a fireproofing chemical or a method of fire¬ 
proofing. Bad design may clearly be the cause 
of early failure if, for instance, shrinkage cracks 
form at joints and allow flame to pass. 

A test in which a If in. thick fireproofed wood 
door successfully withstood a 1 -hour test 
carried out in accordance with the corre¬ 
sponding American Fire Test Specification 
(A.S.T.M., C. 19-33) is reported in Proc. Amer. 
Wood Preservers Assoc., 1935, 225. The British 
Standard Methods of Test are intended for all 
materials used in building construction. The 
incombustibility test involves heating the material 
in a vertical electric furnace with a pilot light 
above and an observation chamber below, the 
temperature being increased by 900°F. per hour 
to a maximum of 1,382°F. If the material 
neither flames nor glows more brightly than the 
walls of the furnace, or if it glows at all the glow 
is immediately diminished when the specimen 
is lowered into the observation chamber, it is 
incombustible. The non-injlammability test which 
would, however, classify most species of timber 
as non-inflammable, consists in supporting the 
specimen at an angle of 46° while 0*3 c.c. of 
ethyl alcohol is burnt 1 in. below the centre, 
and noting the duration of flaming and glowing. 

New York Building Code Acceptance Tests ,— 
1. Shavings Test. A mass of shavings from 
both inside and outside the sample is placed to 
form a layer 2 in. thick in a metal vessel 12 in. 
square, the bottom of which is a wire screen. 
A yellow Bunsen flame is placed under the vessel 
for 25 seconds. At no time should the flame 
show more than 6 in. above the top of the bed 


of shavings and the shavings snould not be 
consumed in less than 6 minutes. 2. Crib 
Test. —Twenty samples each J in. square and 
6 in. long are built up on a ring support in five 
equal tiers making a crib 6 in. square and 2f in. 
high, which is set 6 in. above a Bunsen burner. 
The flame is directed on the crib for 1 minute 
at a temperature of approximately 1,200°F. 
The wood must not flame for more than 20 
seconds after removal of the burner, nor the 
glow last for more than 30 seconds. 3. Timber 
Test. —Two samples, each J in. by IJ in. in 



Fig. 1. —U.S. Forest Peodgcts Laboratory 
Fire-Tube. 


cross-section and 12 in. long are laid edge to 
edge across the top of a gas crucible furnace and 
exposed for 2 minutes to flame at a temperature 
of 1,700°F. The samples are removed and the 
duration of flame and glow is noted. Flame 
should not persist longer than 15 seconds and 
glow not longer than 20 seconds. The pieces are 
then cut through at the most burned section. 
The unbumed areas of hardwoods should be not 
less than 66% and of softwoods 45% of t)^ 
original section. 

The shavings test gives a rough indication of 
resistance to ignition, flaming and glowing, 
but cannot be standardised. The crib test is 
valuable in that it gives information on loss of 
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strength^ the amount of combustible material 
present, ignition resistance, and tendency to 
spread flame. The timber test also is very 
suitable for measuring combustibility, loss of 
strength, flame spread and particularly flame 
penetration (E. F. Hartman, R. C. Bastress, 
and A. S. Williams: Proc. Amer. Soc. Testing 
Materials, 1934, 84, Pt. II, 764). 

The timber test is the basis of an A.S.T.M. 
Specification C. 132^37T, ibid. 1937, 37, 766, 
“ The Fire-Retardant Properties of Wood for 
Scaffolding and Shoring,” and a proposed specifi¬ 
cation “ Fire-Retardant Properties of Wood for 
Structural Uses ” (Proc. Amer. Wood Preservers’ 
Assoc., 1939, 341). In these, lO-in. specimens 
are used, and the average continuation of flaming 
must not exceed 30 seconds, nor of glow 30 
seconds after cessation of flaming, the average 
loss in weight being not more than 30%. 

Fire-Tvbe Test .—The most widely used method 
of measuring flame spread is that devised by the 


U.S. Forest Products Laboratory (T. R. Traux 
and C. A. Harrison, Proc. Amer. Soc. Testing 
Materials, 1929, 29, Pt. II, 973). The apparatus 
consists of an open-ended perforated sheet- 
metal tube in which a specimen | in. by } in. 
by 40 in. is burned (Fig. 1). 

In carrying out the test the empty tube is 
balanced by means of counterweights so that 
the pointer is in a vertical position and reads 
100 on the percentage chart. The (weighed) 
specimen is suspended in the tube and the scale 
is raised or lowered to bring the end of the 
pointer on the zero line. A standardised Bunsen 
flame is placed under the specimen for exactly 
4 minutes and then removed. Readings of the 
percentage loss in weight, as indicated on the 
chart, and of the temperature at the top of the 
tube are taken at J-minute intervals until 
2 minutes after flaming ceases. Typical curves 
are shown in Fig. 2. 

The loss in weight of untreated samples of 



Fig. 2.—Typical Curves of Weight-Loss, and Temperature at Top 
OF Tube. Fire-tube Test. 


wood (southern pine) is 80-90% of their air- 
dried weight (6-7% of moisture), and the 
maximum temperature reached at the top of 
the tube is between 700° and 800°C., while 
well-treated specimens lose about 15-20% of 
their weight, and the maximum temperatures 
attained are below 200°C. 

Various modifications of this test have been 
employed in Germany where some workers 
have stressed the need for a shorter sample. 
Schlegel found that 1 cm. by 1 cm. by 10 cm. 
sazni&s gave more consistent results owing to 
their greater uniformity, and are more suitable 
for laboratory tests. 

V.S. Bureau of Standards. Flame-Penetration 
Test (C. R. Brown, Proc, Amer. Soc. Testing 
Materials, 1936, 86 , Pt. II, 674).—Samples { in. 
thick are supported horizontally on a ring stand 
3 in. above the tip of a |-in. Tirrill burner 
producing about 3,000 B.Th.U. per hour. 


Observations are made of the temperature 
changes on the upper surface of the board and 
of the time for the flame to penetrate. Brown 
(J. Res. Nat. Bur. Stand. 1938, 20, 217-239) 
showed that, as measured by the standard 
fire-endurance test, concentration of treatment 
had little effect on the fire-resistance of the 
partition, but that resistance depends on 
thickness and design; that time-results in the 
flame-penetration test vary directly with thick¬ 
ness, but the test has only a limited value as an 
indication of fire-endurance; and that fire- 
tube tests are definitely related with concentra¬ 
tion of treatment. 

Slow-Combustion Test. —J. F. Harkom and 
J. I. Dore (Proc. Amer. Wood Preservers’ Assoc. 
1933, 87) used this test to investigate the effect 
of low concentration of chemicals on glowing or 
slow combustion. Specimens of red pine 34 in. 
long and 31 in. diameter with a 1-in. hole 
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bored in the centre, impregnated with chemicals 
and dried, were placed in a brass ring and 
suspended from a balance arm in such a way 
that the loss in weight up to 60% could be read 
directly on a chart. The centre of the specimen 
was heated for 6 minutes by a Bunsen burner 
directed up the hole. Flame-spread along the 
bottom and sides was prevented by a copper | 
disc with a IJ-in. hole fitted on the base. 
Readings of loss in weight of the wood and the 
temperature of the brass ring were made every 
minute until combustion ceased or 60% of the 
wood was consumed. The most effectively 
treated substances merely charred during the 
heating period, untreated wood continued to 
flame, and wood treated with salts such as 
sodium dichromato continued to glow. 

British Forest Products Research Laboratory 
Tests. —J. Bryan and L. S. Doman (Wood, 
1940, 5, 19) describe inflammability, flame- 
penetration and flame-spread tests which they 
have developed for measuring fire-resistance 
and have used for determining the comparative 
resistance of different species of timber. The in- 


flammahility test, based on Schlyter's test (Mitt. 
Fachaus. Holzfragen, 1938, No. 21, 84), uses 
two samples of wood 5 in. square held vertically 
I in. apart, one sample being in. higher than 
the other. A Bunsen flame ignites the face of 
the lower specimen and the time taken for this 
in turn to ignite the other specimen is recorded. 
Ignition is usually very distinct. In the flame- 
penetration test a sample 5 in. square and ^ in. 
thick is held horizontally 2 in. above the nozzle 
of a standardised blowpipe flame. The sample 
rotates in a horizontal plane in such a way that 
the centre of the flame describes a circle 1 in. 
diameter. This rotation was adopted because 
the results were much more consistent than 
those obtained with a fixed sample. The time 
required for the flame to penetrate the sample is 
noted. In the rate of burning test the sample 
consists of 60 half-inch cubes placed in a vertical 
iron tube in. diameter and 9 in. long, having 


I an open grid at the lower end. The samples 
are ignited by a standardised gas flame which 
projects vertically down the tube, and is 
maintained for 60 seconds, or if, as in the case 
of some treated timber, ignition does not occur 
after 60 seconds, for 600 seconds. The tube is 
suspended on a balance arm, and the time for 
each 10% loss in w^eight is recorded, the time 
between a loss of 30% and 70% being used for 
comparison. The natural fire-resistance of 
over 70 species of timber was tested, and of these 
greenheart, gurjun, jarrah, laurel, padauk, 
pyinkado, teak, and white olivier show out¬ 
standing fire-resistant properties. Tests have 
also been carried out on specimens of wood 
treated with a number of fire-resisting solutions 
and coatings. 

Evaluation of Chemicals as Fire- 
Retardants. 

The work of Gay-Lussac and Versmann and 
Oppenheim has already been mentioned. Prince 
(Proc. Amer. Wood Preservers’ Assoc. 1914, 
168) determined the temperature at which 
various treated timbers could 
be kept for 40 minutes with¬ 
out igniting. It was found 
impossible, under the con¬ 
ditions of teat, to ignite 
wood treated with certain 
ammonium salts. Borax 
was effective, but other sub¬ 
stances, including sodium 
carbonate and oxalic acid, 
besides being inefficient had 
a weakening effect on the 
wood. Banfield and Peck 
(Canad. Chem. Met. 1922, 6, 
172; Chem. and Ind. 1923, 
42, 156) measured ignition 
temperatures of wood in an 
electrically heated horizontal 
tube, and classified salts 
as fire-promoters or fire-re¬ 
tarders according as they 
lowered or raised the igni¬ 
tion temperature from the 
range 290-3()0°C. The fire- 
retarders were zinc, mag¬ 
nesium and calcium chlorides, 
ammonium sulphate and phosphate, borax, 
j sodium silicate and zinc ammonium phosphate, 
ammonium phosphate being the best. 

The most comprehensive series of tests made 
by a disinterest^ authority have been carried 
out by the U.S. Forest Products Laboratory 
using the fire-tube test (Proc. Amer. Wood 
Preservers’ Assoc. 1930-1933, 1936). In all, 
about 130 chemicals or mixtures have been 
tested, mostly at 6% and 20% concentrations 
of anhydrous chemical in the air-dried wood, 
but 17 of the most promising were examined in 
sufficient detail for curves to be drawn relating 
concentration with loss of weight when flaming 
ceased and with maximum temperature at the 
top of the fire-tube. Typical curves, those for di¬ 
ammonium phosphate, are shown in Fig. 3, 
and a selection of the results is given in Tabb II. 

The results of the tests on single chemicals 
show that mono- and di-ammonium phosphates, 



Adsorption of Dry Sa/t in Pounds Per 100 Pounds of Air-dry Wood 
(10-12 Per Cent Moisture Content) 

Fig. 3.—^Fibe-retardino Effectiveness of Different Absorp¬ 
tions OF Di-ammonium Phosphate. Fire-tube Test. 
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Table II.— Results or U.S. Forest Products Laboratory Fire-Tube Tests on Wood. 


Chemicals. 

Adsor 

anhydro 

(air-dr 

Ib./cu.ft. 

ption of 
tiB chemical 
y wood). 

lb / 1001 b. 

Loss in 
weight 
when 
flaming 
ceased. 

% 

Maximum 
temperature 
at top of fire- 
tube “C. 

Tendency to 
glow. 

(Untreated =* 
moderate.) 

None. 

_ 

_ 

83-5 

782 

Moderate 

(NHJjHPO,. 

0-90 

2-40 

69-4 

717 

None 


1-84 

5-37 

43-4 

412 



3-23 

6-00 

21-8 

191 



515 

14-64 

17-9 

168 



7*25 

22-04 

17-1 

165 


(NH,)H,PO,. 

0*91 

2-76 

67-4 

734 

None 


1*84 

6-30 

56-9 

607 



2-60 

7-48 

26-5 

2.54 



4-99 

13-92 

19-0 

196 



7-29 

19-89 

15-7 

184 

.. 

(NH 4 ),S 04 . 

1-.35 

4-41 

70-4 

732 

Slight 


1-86 

4-98 

64-3 

687 



317 

9-22 

31-6 

295 



4-90 

1.5-70 

25-9 

238 

♦» 1 


6-70 

1931 

20-1 

196 

1 

NH 4 CI. 

5-30 

15-74 

24-2 

231 

Slight 

NaoB.O.. 

5-36 

15-32 

21-8 

218 

Moderate j 

H,io,. 

5-42 

15-10 

66-8 

714 

None 


8-74 

24-84 

29-9 

262 

M i 

Slight 

H,B0a:Na,B,0,-60:40 . . . 

5-32 

15-97 

28-3 

242 


7-14 

2M4 

19-1 

203 

None 

2nCI,. 

5-08 

14-85 

20-7 

173 

Moderate | 

Mg(H,P 04 ),. 

5-45 

14*94 

54-5 

579 

None i 


7-44 

19-20 

18-4 

196 

»» 

Mg(H 2 P 04)2 and NH 3 (Gafi) . . 

3-85 

10-76 

21-6 

204 

None 


6-66 

18-98 

161 

176 


(NH 4 ) 2 HP 04 :H 3 B 03 - 80:20 . . 

5-38 

14-93 

16-2 1 

205 

None 

(NH4)H2P04:(NH4)2S04=36:64. 

5-27 

14-98 

150 

192 

None 

(NH 4 )HaP 04 :(N H4)2S04-49:51 . 

5-54 

15-38 

14 8 

195 

None i 

(NH4)H2P04:(NH4)2S04-63:37. 

5-43 

15-01 

14-0 

192 

None 

(NH 4 ) 2 C 03 . 

5-34 

14-64 

77-5 

743 

Very slight 

NaCjHjO,. 

5-62 

16.32 

66-0 

799 

Slight 

NH 4 Br. 

4.44 

11-61 

185 

185 

None 

Al,( 804)3 . 

0-38 

18.55 

19-8 

194 

None i 


5-89 

16-95 

18-0 

171 

None 

Na 3 As 04 . 

6-00 

1.5-22 

14-8 

178 

Moderate 1 

NajHAsOg. 

5-86 

16-30 

16-2 

181 

Slight 


phosphoric acid, borax, sodium arsenate and 
arsenite, magnesium, lithium and ammonium 
chlorides and sodium molybdate gave the 
best results in reducing flaming, while am¬ 
monium sulphate, aluminium sulphate, am¬ 
monium bromide, and zinc chloride also had a 
marked effect. Of these, only three, the two 
ammonium phosphates and phosphoric acid, 
showed a high degree of effectiveness in reducing 
both flaming and glowing. Boric acid, also, 
was an effective glow retardant. 

Di-ammonium phosphate gave the best 
results; mono-ammonium phosphate was almost 
as good; several mixtures of ammonium 
sulphate and mono-ammonium phosphate in 
widely different proportions and di-ammonium 
phosphate-boric acid and mono-ammonium 
phosphate-borax mixtures gave results very 
Uttle inferior; a borax-boric acid mixture was 
also very effective. 

Ammonium bromide, which has been used in 
Genm^ny as a constituent of ** Cellon-Feuer- 


schutz'' (A. Eichengriin, Z. angew. Chem. 1929, 
42 , 214), does not appear to be as effective as 
the ammonium phosphates, and sodium acetate 
recommended by Schwalbe and BerUng (Chem.- 
Ztg. 1932, 66, 909) as a cheap fire retardant is 
shown to have little value. 

Many of the treatments were designed to 
produce in the wood insoluble salts which would 
not be leached out on exposure to the weather, 
but no very effective fixing method has yet been 
devised. Treatments that at first seemed 
promising were found to owe this efficiency to 
soluble salts, such as ammonium phosphate, 
and a critical examination of most claims for 
complex mixtures will usually reveal that their 
value depends very largely on ammonium salts. 

Glowing was studied by Harkom and Dore 
using the slow-combustion test and the best 
results obtained by them are given in Table III. 
The figures in the second and third columns 
represent, respectively, the highest concentra¬ 
tion of anhydrous chemical, in lb. per cub. ft., 
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which does not prevent combustion continuing 
to 50% loss in weight, and the lowest adsorption 
which does prevent it. 


Table III. —Si.ow-Combustion Test Results. 



Effectiveness. 

Mean, 
Ib./- 
cu. ft. 


Chemical. 

Min., 
Ib./- 
cu. ft. 

Max., 
Ib./- 
cu. ft. 

Exceptions, 
Ib./cu. ft. 

H,P 04 . . . 

(?4h4)„hpo4 . 
(NH 4 )f^B 40 , . 

(NH4)2S04 . 

NH4Cr . . . 

(NH 4 )H 2 P 04 . 

(NH4)3P04 

KNOjj . . . 

MgClj . . . 

ZnCIa . . . 

016 

0-33 

0-34 

0-34 

017 

017 

0*32 

0-38 

0-37 

0-49 

0-57 

1 0-48 
0-.52 
0-62 

017 

017 

0-24 

0-35 

0-37 

0-41 

0-45 

0-48 

0-52 

0-62 

0-15 effective. 
016 effective. 

0-34 effective. 
017 (37% wt. 
loss). 

017 effective. 

1 


These figures indicate the great efficiency of 
certain substances in preventing glowing. These 
reduced combustions do not, however, ap¬ 
preciably increase the resistance to flaming. 

The property of glow-prevention is utilised 
by many manufacturers of matches, and 
ordinary impregnated matches contain small 
amounts of salts such as mono-ammonium 
phosphate which not only prevent the charcoal 
glowing, but give it sufficient rigidity to prevent 
the hot head of the match falling off during burn¬ 
ing. The wood burns but flaming is increased 
by dipping the match in wax. 

Methods of Fireproofing Timber. 

All the chemicals generally used for fire¬ 
proofing wood are soluble in water, and they are 
injected into the wood as an aqueous solution. 
The methods employed are essentially similar 
to those which have been developed by the 
wood-preserving industry, for treating wood 
with creosote, or particularly with preservative 
salts. 

Wood that has to pass stringent acceptance 
tests must be completely impregnated with the 
retardant, and except in cases where thin 
sections are being treated the only satisfactory 
method is that employing impregnation under 
pressure. Even when complete impregnation is 
not demanded this is the only method by which 
adequate protection of thick or impregnation- 
resisting timbers can be achieved. 

Considerable protection is afforded even when 
the interior is not impregnated and it is still 
an open question whether any advantage is 
gained by insisting on the complete impregna¬ 
tion of thick bau^ or beams, which are not 
liable to subsequent splintering, as the interior 
would be well insulated by the layer of hard 
charcoal produced on the surface of fireproofed 
timber. 

If, however, timber is to be cut or machined, 
complete impregnation is generally essential, 
but as far as practicable, all cutting should be 
done before impregnation. Where the wood has 
to be painted or varnished some planing or 
Banding is necessary after treatment, but this 


should be as light as possible, as the outer 
layers contain the highest quantity of salt. 
Considerable protection may be given to lighter 
sections, or to the more easily impregnated 
woods by steeping treatments, and even surface 
treatments, such as brushing and spraying, may 
serve to prevent the start of a fire, or its spread 
in the initial stages. 

Impeegnation under Pressure. —The full- 
ceU process is employed after preliminary steam 
and vacuum treatment. Results of the fire- 
tube test have shown that when the most 
effective fire-retardants are employed maximum 
protection is obtained when wood contains 12% 
or more of its weight of the chemical, and 
experience has shown that to achieve this a 15% 
solution may generally be used. 

The plant employed is similar to that used 
for creosoted timber; it consists of the following 
units: (1) A mixing and storage tank heated, 
for example, by steam coils and fitted with a 
stirrer; the capacity of this tank must l)e 
greater than that of the pressure cylinders and 
it is desirable that it should be at a higher level 
than the rest of the plant. (2) One or more 
pressure impregnation cylinders of steel or 
cast iron designed for a working pressure of at 
least 150, and preferably 200, lb. per sq. in. 
(gauge). Safety release valves and pressure and 
vacuum gauges should be fitted. (3) A 
hydraulic reciprocating pump capable of 
maintaining a pressure of 150-2()0 lb. per sq. in., 
and of emptying the cylinders in a relatively 
sliort time, or a compressed air supply. (4) A 
vacuum pump capable of exhausting the 
cylinders to a vacuum of 25-29 in. of mercury 
in about 1 hr. (5) A supply of steam at 20-25 lb. 
per sq. in. (gauge) pressure. 

Owing to the wide variability in the resistance 
of timbers to impregnation no rigid schedule of 
treatment can be laid down, and details of the 
various steps described should be modified as a 
result of experience to suit the type of timber 
and the purpose for which it is required. 

The process consists of the following stages : 
Loculing the Cylinders, — The timbers, 
separated by slats, are stacked on a trolley; 
this is run into the cylinder, which is then 
closed. Before stacking, several pieces of 
timber, representative of the batch, should be 
weighed and marked; they are weighed again 
after treatment and from the increase in weight 
the percentage adsorption of chemical can be 
calc^ated. The average will indicate whether 
the treatment has been sufficient. The total 
amount of solution adsorbed by the batch may 
be measured by observing the level of the storage 
tank before and after applying pressure. In 
addition, thoroughly impregnated timber takes 
up nearly its own weight of solution and the 
increase in density is sufficiently striking for the 
experienced operator to be able to tell whether 
treatment has been satisfactory, and to pick out 
planks which are insufficiently treated. These 
can then be separated from the remainder of 
the batch and re-treated. 

Preparation of the Solviim ,—Common timbers 
will adsorb, on an average, about 80% of their 
air-dry weight of solution. In such cases it is 
necessary to use a 16% solution if the conoentra- 
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tion of salts in the wood is to be about 12%. 
For more resistant timbers, and where complete 
impregnation is not required, stronger solutions, 
e.g. up to 20%, may be used. The control of the 
concentration of the solution is most easily 
effected by measuring the density. Table V 
shows the density of mono-ammonium phosphate 
solutions for the temperature and concentration 
range normally used in fireproofing. 

Table V.— Density of Mono-ammonium 
Phosphate Solutions. 


Concentration (by weight). 


Temp. 

10 % 

15 % 

20 % 

30 % 

OJ. 

°C. 

8p. 

°Tw. 

8p. 

°Tw, 

sp. 

°Tw. 

sp. 

'^Tw. 



gr. 

j 

gr - 


gr. 


gr - 1 


68 

20 

1058 

11-61 

1-086 

17-2 

1-116 

23-0 

1-181 

36-2 

86 

30 

1054 

10-8 

1-083 

16-6 

1-113 

22-6 

1-178 

35-6 

122 

60 

1050 

10-0 

1-077 

15-4 

1-108 

21-6 

1-167 

33-4 

168 

70 

1-042 

8-6 

1-070 

14-0 

1-100 

20-0 

1-159 

31-8 

194 

90 

1-034 

6-8 

1 063 

12-0 

1-092 

18-4 

1-150 

30-0 


The temperature of solution may suitably be 
about 70°C. 

Steaming .—Live steam at 20-25 lb. pressure 
is blown into the cylinder, the air release valve 
and drain valve remaining open until steam 
begins to blow out. These valves are then 
closed, and condensed steam-water is blown out 
at intervals. Pressure should preferably be 
allowed to build up slowly, reaching its maxi¬ 
mum after about 1 hour and being maintained 
at the maximum for 1 hour or more, according 
to the type of wood being treated. 

One effect of steaming is to raise the tempera¬ 
ture of the wood, but it may also modify the 
wood structure. In practice the effect is that 
much more even adsorption of a batch is 
achieved. Steam temperature rapidly increases 
with pressure, and high temperature is injurious 
to wood; certain species are particularly 
sensitive to it. Steaming should, therefore, be 
as mild as possible, consistent with good 
adsorption and penetration. 

Vacuum .—^Immediately after steaming 
vacuum is applied. This serves to remove 
condensed moisture and air from the outer 
layers of the wood, so facilitating the entrance of 
the preservative and increasing the effective 
pressure. The duration of the vacuum should 
not be prolonged beyond one hour as otherwise 
the beneficial effect of wood temperature on 
penetration will be lost. 

Pressure ,—When admitting air, the cylinder 
is completely filled with the hot solution of fire- 
retard^t and then additional solution is forced 
in xmtil the desired pressure is attained. 
Generally a pressure of 100-150 lb. per sq. in. 
is sufficient, but with very resistant timbers 
pressures of 200 lb. per sq. in., or even higher, 
may be applied. 

The duration of the pressure treatment depends 
on the pressure, the species of wood, whether 
heartwood or sapwood is being treated, and 
timber sizes. Prolonged impregnation at a low 
pressure is preferable to rapid impregnation at 


a high pressure. Most timbers can be impreg¬ 
nated by applying a pressure of 150 lb. per sq. in. 
and the time required may be from 2 to 24 hours. 
When very resistant timbers are being treated 
the period of impregnation may have to be con¬ 
siderably extended, and pressures of 200 or 
even SCK) lb. per sq. in. may be necessary to 
secure thorough impregnation. Great (tare 
must be taken in such cases to guard against 
“ collapse ” of the timber, particularly aftei^ 
steaming, and pressures of more than 200 lb, 
per sq. in. should only be used after careful 
experiment. 

The American Wood Preservers' Assoc. 
“Manual of Recommended Practice” includes 
standard specifications for the preservative 
treatment of ties, timber and lumber, excluding 
Douglas fir, larch and tamarack (34b and 36c), 
and of Douglas fir ties (38a), by pressure 
processes. The treatment of timber with salt 
(ZnClg) specified in 34b and 36c is: “ Aii- 
seasoned timber may be steamed in the cylinder 
for not less than one hour, nor more than two 
hours, at a pressure of not more than 20 lb. 
per sq. in. After steaming is completed a 
vacuum of at least 22 in. shall be maintained 
for not less than 15 minutes or until the wood is 
as dry and free of air as practicable. If the 
vacuum is broken w hile the condensate is being 
drained from the cylinder a second vacuum as 
high as the first shall be created. The pre¬ 
servative shall be introduced without breaking 
the vacuum until the cylinder is filled. The 
pressure shall then be raised to and maintained 
at a minimum of 100 lb. j^er sq. in. until the 
quantity of preservative to insure the final 
retention stipulated is injected into the timber, 
or until less than 6% of the total quantity 
required has been injected during the latter 
half of one hour throughout which the rate of 
injection has persistently decreased while the 
pressure has been held continuously at 125 lb. 
or more per sq. in. The temperature of the 
preservative during the pressure period shall 
be not less than 140°F. nor more than 200°F. 
and shall average at least 150°F.” 

For Douglas fir ties the conditions are some¬ 
what modified. Steaming is used for heating 
purposes only: it may be continued for 1 to 2 
hours at a temperature of not more than 250'^F. 
The preservative is introduced at 160-200®F. and 
the pressure is maintained at between 125 and 
175 lb. per sq. in. until the required amount of 
preservative solution has been injected. 

Drying .—^Fireproofed timber cannot be 
dried in the open without protection because of 
the danger of leaching the salts out of the wood. 
It may be partly dried by stacking in sheds. 
Much of the wood which is fireproofed is 
required for interior use, and its moisture con- 
tent_ has to be reduced to 6-7% to avoid 
difficulties due to shrinkage after installation. 
This can only be achieved by kiln-drying, and 
some type of drying kiln is an essential part of 
a fireproofing plant. Details are described 
elsewhere (Forest Products Research Lab. 
D.S.I.R. Special Reports Nos. 2 and 3). 

The basic principle of kiln-drying is the rapid 
circulation of hot, moist air through the stacks 
of timber: the high temperature induces high 
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moisture transfer from the centre to the surface, 
and the high humidity prevents rapid drying 
of the surface which would lead to checking. 
It is therefore nf^cessary to control the tempera¬ 
ture and humidity of the kiln within narrow 
hmits, and to vary these as drying proceeds in 
accordance with a fixed schedule. Each class 
of timber requires special treatment and 
schedules for all the common timbers have been 
worked out at the Forest Products Research 
Laboratories. 

In drying fireproofed timber certain specific 
factors need special consideration. The timber 
is excessively wet, and careful stacking is 
essential if warping is to be avoided. All 
effective fire-retardants accelerate carbonisation 
of the wood, and unless care is taken to avoid 
high kiln-temperatures the wood is darkened. 

Experience has shown that fireproofed wood 
can be dried without checking more rapidly I 
than natural wood, that is, the humidity of 
the kiln may be appreciably lower than usual. 
In this connection, work carried out at the U.S. 
Forest Products Laboratory is of interest. 
According to S. H. Kahn (Wood, 1940, 6, 44) 
seasoning can be greatly accelerated by soaking 
timber in concentrated solutions of salts, such 
as sodium chloride or mono-ammonium phos¬ 
phate, so that the outer layers are impregnated. 
Losses, by checking, of timbers which are 
normally very difficult to dry are very much 
reduced. Kahn suggests that the effect is due 
to the fact that water evaporates more rapidly 
in a pure state than from a saturated salt 
solution, and that therefore the surface layers 
retain their water content, while the centre is 
drpng; drying is from the inside out, instead 
of from the outside in. 

This mechanism may in part account for the 
greater ease with which fireproofed wood is 
dried, but it seems more likely that, as a result 
of the pressure treatment, wood which has been 
fireproofed with an aqueous solution will have 
a more open structure and capillary effects in the 
drying process will predominate. 

It seems advisable, therefore, to modify the 
schedules for drying fireproofed timber, so 
that the diying temperature is 6~10°C. below 
the temperature used for untreated wood and 
the humidity is reduced appreciably below that 
of the normal schedule. 

Hot-and-Cold Soaking. —Adsorption of cold 
solutions b^ softwoods is a slow process. Ad¬ 
sorption of hot solutions is much more rapid, 
but the best effect is obtained by a hot-and-cold 
process. In this the timber is immersed in a 
hot solution (90~100®C.) and then either allowed 
to cool while immersed in the solution, or rapidly 
transferred to a cold solution. The time 
required depends on the type and thickness of 


the timber, but effective protection can be given 
to yellow deal, for example, by immersion for 
8 hours in a hot 20% solution of ammonium 
phosphate followed by cooling for 8 hours. 
Complete impregnation may not always be 
effected, but the outer layer would be fire¬ 
proof. Preliminary tests on mine timbers 
described in the Report on Research Work 
carried out in the Department of Mining of 
Sheffield University, 1931-1932, showed that, 
under the conditions of the test, soaking wood in 
1:5 solution of ammonium phosphate in water 
for three days with subsequent drying renders 
timber practically fireproof and the mere 
painting or spraying of timber with this solution 
has a preventative effect. 

Owing to the fact that impregnation may not 
be complete, the timber should be shaped and 
cut to its final size before immersion. 

Painting oh Spray-Coating. —Solutions of 
fireproofing salts, such as ammonium phosphate, 
may be applied to adsorbent unpainted surfaces. 
Solutions may, preferably, be hot and should be 
concentrated, e.g. 30%. It is advantageous 
to apply three coats, the second after the first is 
almost dry ; preferably 4 lb. of fire-retardant 
should be applied per 100 sq. ft. of surface. In 
order to ensure maximum penetration a wetting 
agent may bo incorporated in the solution, and 
adhesion of the crystal film is greatly assisted 
by including a colloid, such as gum arabic, in 
the solution, the amount used being about 10% 
of the weight of the salt. 

It must be emphasised that surface treatments 
do not give a high degree of protection in an 
intense fire, but they do give effective protection 
in the initial stages and, moreover, modify the 
surface layers in the same way as impregnation 
does, so that the formation of infiammable gases 
is reduced and a hard, firm charcoal is formed. 

Secondary Effects of Fire-Retardants 
on Timber. 

Hygroscopicity ,—If wood becomes hygroscopic 
as a result of treatment difficulties will arise, 
particularly on account of corrosion and peeling 
of paint. 

The relative humidity of closed systems 
containing saturated solutions of certain salts 
is given in Table IV. In atmospheres of higher 
humidities than these the salts adsorb moisture. 

As the monthly average relative humidity in 
this country (Kew) from October to March 
varies from 81-88 it is inadvisable to use 
mixtures of salts which become moist at 
humidities lower than this. Here mono¬ 
ammonium phosphate is particularly valuable. 
In conditioned atmospheres, however, or heated 
interiors, ammonium chloride or mixtures of 


Table IV. —Relative Humidity at whio« Salts Adsorb Moisture. 


Solid phase. 

R.H. 
20*^0., % 

Solid phase. 

R.H. 
20“C., % 

Solid phase. 

R.H. 
30®C., % 

HaPO^HgO . 

9 

(NH 4 ),S 04 

(NH 4 )h,P 04 

81 0 

(NH*)HjP 04 +(NHA^S 04 

NHXI-fCNHAH.PO. 

76-8 

ZnCL.liHjO . 
NH 4 CI . . , 

10 

79'6 

931 

1 

74-4 

71-5 
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ammonium phosphate and sulphate may be 
safely used, particularly if the surfaces are 
afterwards painted. As already stated the 
Bachert process, which has been extensively 
used in America, utilises an ammonium sulphate- 
phosphate mixture. 

Corrosion. —Hygroscopicity is one of the 
main factors. S. G. Wedenkin (Russo-German 
Soc. for Culture and Technology, Trans. 
Gen. Conf. Standardisation and Manuf. New 
Build. Mats., Moscow, 1932, 17) found ZnCl 2 
unsuitable for fireproofing locomotive depots 
because of corrosion. Ammonium chloride 
gave better results but led to rapid rusting; 
ammonium sulphate was found suitable when 
sodium phosphate was present as corrosion 
inhibitor. R. H. Baechler (Proc. Amer. Wood 
Preservers’ Assoc. 1939, 35, 66) describes tests 
on the corrosion of fittings in contact with wood 
impregnated with zinc chloride. The amount of 
salt present (1-5 lb. per cu. ft.) was small 
compared with that which would be needed 
for fireproofing (5 lb. per cu. ft.). He found that 
corrosion of common wire nails in wood treated 
with zinc chloride and exposed to a moderately 
humid interior, or to outside conditions, is not 
appreciably greater than that occurring in 
untreated wood provided the treated wood is 
seasoned before the nails are driven in. 

Schlegel reports tests in which tinplate strips 
were nailed on to the wood impregnated with 
solutions of various salts (1 mol./I.) and stored 
in an open shed for 6 months. Ammonium 
phosphate, ammonium sulphate, lithium 
chloride, magnesium chloride and sodium 
sulphate did not cause any change in weight. 
Ammonium chloride, bromide, and iodide caused 
increases of 2, 3 and 4% respectively. Other 
salts caused losses, zinc chloride 0-1%, 
aluminium sulphate 0*1%, and sodium acetate 
0-76%. 

A series of corrosion testa comparing the 
effects of pure and commercial mono-ammonium 
phosphate and mono-ammonium phosphate- 
sulphate mixtures is described in “ Faspos —The 
Fireproofing of Wood ” (Imperial Chemical 
Industries). Immersion tests on cold 20% 
solutions showed only slight differences between 
all these substances, average loss in thickness 
per year for mild steel being 0*32 and 0-26 mm. 
for commercial and pure salts respectively 
during the first 8 weeks, and 0-16 mm. for both 
at the end of the year. Corrosion of copper and 
brass was very small, averaging 0-01 and 0-02 
mm. thickness per year respectively. Timber 
impregnated with mono-ammonium phosphate 
and kept in an atmosphere of controlled 
humidity (86% at 28°C.) for 8 weeks remained 
quite diy, and mild steel plates bolted thereto 
were not corroded. Where the phosphate- 
sulphate mixture was used, however, the 
timber became very damp, there was marked 
corrosion of the metal, and evidence of mould 
growth on the surface of the wood. Similar 
test-pieces were exposed to the weather and, 
after 3 weeks, corrosion had commenced on 
those treated with the mixture; after 1 year 
it was very advanced. On wood treated with 
mono-ammonium phosphate there was no 
corrosion of the plates in 3 weeks, and after 
VoL. V—16 


1 year it was less than that on a plate attached 
to untreated wood. When stored in a laboratory 
cupboard all the samples remained dry and the 
slight corrosion which occurred was the same in 
all cases, including the sample in which the 
wood was untreated. Addition of boric acid 
to the solutions had no noticeable effect on 
corrosion. 

Hunt and Garratt mention that corrosion of 
plant may occur with ammonium phosphate, 
but the above immersion test would indicate 
that it is likely to be small, and that after the 
first few weeks a protective film is formed. 

Glueing. —Truax, Harrison and Baechler 
(Proc. Amer. Wood Preservers’ Assoc. 1936, 231) 
reported glueing tests. They showed that the 
ammonium phosphates offered little or no 
interference with animal glue, somewhat more 
with vegetable glue, and rather seriously inter¬ 
fered with glueing with low-alkaline casein 
glues. Sponging the surfaces of di-ammonium 
phosphate-treated wood with 10% caustic soda 
solution before glueing improved joint strength, 
particularly with the low-alkaline casein glue. 
The chlorides of ammonia, zinc and magnesium 
also interfered with the making of joints 
with casein glues, and borax with vegetable 
glue. 

Painting and Varnishing. —Experience has 
shown that fireproofed wood can, in general, be 
painted, varnished, and French polished in 
exactly the same way as ordinary wood. It has 
been noted, however, that some finishes require 
a primer. Silicate paints cannot, for example, 
be used direct on wood treated with salts such as 
ammonium phosphate, owing to chemical 
reaction. 

Machining. —The presence of fire-retardant 
salts in the wood renders it more difficult to 
plane and saw than untreated material, since 
the crystals cause the cutting edges to wear 
more rapidly. The use of tools specially 
designed for the purpose, however, may 
minimise the trouble. 

Preservative Action. —There is obviously an 
advantage in using a solution which both 
preserves and fireproofs the wood. Zinc 
chloride in low concentrations (about ^ Ib./cu. 
ft.) is widely used as a preservative, but in the 
higher concentration (5 Ib./cu. ft.) necessary 
for fireproofing it has a weakening effect on 
wood. Various salts are toxic to dry-rot fungi, 
and numerous mixtures have been proposed 
from time to time. Some of the most effective 
are the silicofluorides. Commercial mono- 
ammonium phosphate produced from rock 
phosphate contains appreciable quantities of 
sodium silicofluoride, and wood fireproofed 
with this has been shown to be resistant to dry 
rot. The **Oxylene ” mixture contains boric acid, 
which serves the same purpose. 

Stability. —The majority of salts commonly 
used for fireproofing are stable, and the treat¬ 
ment, particularly when finished with paint or 
varnish, is permanent. This was demonstrated 
in 1931 to officials of the New York and Phila¬ 
delphia building departments by a standard 
door test on a l}-in. fiush door made from 
26-year-old fireproofed hotel doors (Proc. Amer. 
Wood Preservers’ Assoc. 1936, 221). 
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Fireproofing of Other Materials. 

Plywood. —Three-ply and five-ply wood are 
fairly easy to impregnate. Pressure impregna¬ 
tion is probably the most satisfactory. Treat¬ 
ment for I hour with a cold 15-20% solution of 
fire-retardant without any steaming or vacuum 
has proved sufficient for fireproofing. 

The hot-and-cold steeping process may be 
employed, but the operation of the process 
requires much greater care than is required 
with ordinary timber, as the hot solution may 
have a detrimental effect on the glue. Many 
of the better quality plywoods have water¬ 
proof cements or a resin film, which will with¬ 
stand the action of the hot solution. Great 
care must be taken in stacking plywood for 
drying; wet plywood is very flexible and 
unless it is dried flat, will usually warp badly. 
It is also advisable to dry the material at 
temperatures as low as possible. 

Reeds .—The surface of reeds is very impervious 
but, by using a solution containing a colloid 
such as gum arabic, a film of fire-retardant 
will be produced on the reed. The process, 
then, consists in immersing the reeds in a 20% 
solution, preferably hot, of fire-retardant con¬ 
taining 20% by weight of the colloid, allowing 
to drain and dry. In use as a thatch, the salts 
are washed from the outer surface, but the lower 
layers retain their fire-resistance. As thatch is 
usually 12-15 in. thick, the loss of fireproofing 
effect by weathering is small. 

Fireproof Paints. 

Although impregnation with fire-retardant 
salts is the most effective method of increasing 
the fire-resietance of timber, considerable 
protection may be given by coating it with an 
inert material which serves as an insulation 
from the fire, and so prevents ingress of oxygen. 

Among the simplest and cheapest coatings are 
limewash and distemper, and these give definite, 
though transitory, protection. 

The value of calcium sulphate plasters as heat- 
insulating coatings for wood is well known, and 
of these the dense anhydrite plaster is particu¬ 
larly effective. A product recently developed 
containing anhydrite plaster and a small per¬ 
centage of organic adhesive, is suitable for 
application by brush or spray, and coatings 
one-sixteenth of an inch thick have been shown 
to be sufficient to prevent ignition of wood by 
an incendiary bomb. 

Water gla^ or sodium and potassium silicates 
appears to be the most popular coating, but to be 
effective this must contain a filler such as 
asbestos, clay, metallic oxides (also as pigments), 
or chalk. E. Kunze (Farbe u. Lack, 1934, 
134, 147) compared the fire-resistance of three 
types of silicate paint. Silicate solution alone 
gave little protection, better results were 
obtained when powdered asbestos was included 
as a filler, but the best results were obtained 
using a mixture of silicate, asbestos, casein, 
caustic soda and borax. Greiner (Seifens.-Ztg. 
1938, 65, 519) gives numerous formulae for 
silicate paints. 

Sodium silicate, when first applied, has the 
property of blistering under the action of heat 


and so forming an effective insulating layer. 
Unfortunately this property is lost on ageing. 
More recently organic foam-forming materials 
have been us^. Thus “ Locron ” is stated to form 
a very voluminous foam when heated. B.P. 
334408 granted to I.G. Farbenind. refers to the 
use of a solution or suspension of fire-retardants 
and urea-formaldehyde condensation products 
which adhere to the material and prevent crystal¬ 
lisation. 

Chlorinated rubber paints have recently 
come to the fore as non-inflammable paints and 
they are suitable for interior decoration. 

Prince (H. F. Weiss, “ The Preservation of 
Structural Timbers,” 1916, p- 336) investigated 
the relative inflammability of unpainted and 
painted shingles and sidings and found that a 
paint made of zinc borate (7 lb.), chrome green 
pigment (2^ lb.) and boiled linseed oil (1 gallon) 
had good fire-resistant properties. 

By means of a modified fire-tube apparatus 
Metz determined the fire-resistance of wood 
coated with paints of four different types. 
Protection given to thin slats increased in the 
order : chlorinated rubber paint, pigmented 
sodium silicate, ammonium salts, and an organic 
foam-forming material, the last named giving 
considerable protection. No noticeable increase 
in the fire-resistance of thick beams was found 
when they were painted. 

In connection with the preparation of fire- 
resistant varnishes Butcher (Chem. Trade J. 
1931, 88, 248) states that di-ammonium phos¬ 
phate to the extent of 5% may be added without 
making the film opaque. Sodium tungstate 
ground in linseed oil is also said to have good 
fire-retardant properties. 

Literature .—An extensive bibliography is 
given in Proc. Amer. Wood Preservers’ Assoc. 
1936, 429-475. For the last few years this 
publication has contained a review of prominent 
articles on fireproofing published during the 
year. A summary of nearly 500 references, 
mainly to patents, is included in the Second 
Report of the Fabrics Co-ordinating Research 
Committee, D.S.I.R. 1930, Appendix I. Refer¬ 
ences to fireproof paints are given in Science 
Library Bibliographical Series No. 171, Science 
Museum, South Kensington, 1935. 
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FISCHER'S SALT {v. Vol. Ill, 2196).’ 
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is a flavone pigment present in Young Fustic. 
It has been synthesised from veratric aldehyde 
and ctf-methoxyresacetophenone (Allan and 
Robinson, J.C.S. 1926, 2334; cf. Kostanecki, 
Lampe and Tambor, Ber. 1904, 87, 784). 

FISH MEAL (v. Vol. IV, 5976). 

FISH OILS. —^This term usually includes 
fatty oils derived not only from fish but also 
from marine mammals, sudh as whales and 
seals. Such groupii^ is logical enough since 
not only is the habitat the same but the fats, 
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with few exceptions, have fairly similar 
characteristics and compositions. Moreover, 
they form a group which is strikingly different 
from the other common commercial fats, such 
as the tallows, vegetable fats, etc. 

The fish oils of commerce may be classified 
broadly into three categories : (a) fish-liver oils, 
such as cod- and halibut-liver oils; (6) fish- 
body oils, such as menhaden and sardine oils; 
and (c) marine mammal oils, such as whale 
and seal oils. Fish-liver oils have already 
been discussed (v. Cod-Livee Oil), and will 
be dealt with only briefly here. With the 
exception of a few specially valuable medicinal 
oils of high vitamin potency, they are all 
prepared by rendering the whole livers with live 
steam, as described. The exceptions are oils 
from the livers of such fish as halibut, sw^ord- 
fish, tuna, etc., which cannot be rendered by 
steaming and are usually obtained by processes 
involving complete peptisation of the liver 
protein. The chief liver oil of commerce is pre¬ 
eminently cod-liver oil, but appreciable quantities 
of shark and other fish-liver oils are also prepared. 

The fish-body oils may be derived from in¬ 
dividual species, in which case they are marketed 
under the appropriate names, or from mixed 
species, when they are usually sold simply as 
fish oil. The commonest individual oils arc 
menhaden, sardine, pilchard, herring and salmon 
(from offal, rather than flesh). The processes of 
reduction are very similar and consist in cooking 
the fish with live steam, pressing the cooked 
mass and separating the oil from the expressed 
emulsion. The manufacture of these oils will 
be separately described. 

The chief marine mammal oils of commerce 
are the whale oils, particularly those from the 
blue and fin whales, with leaser quantities of 
sperm whale oil. 

Menhaden OiI.—The menhaden (Brevoorlia 
tyrannus) is related to, and closely resembles 
the herring. It is caught seasonally along the 
Atlantic coast of the U.S.A., solely for con¬ 
version into oil and meal, and does not appear 
ever to have been caught for food. The fish 
migrate in large shoals and the fishing season 
depends chiefly on water temperature, lasting 
longer in the south than in the north. Menhaden 
oil has been manufactured since about 1812. 
In the earliest processes it was obtained by 
allowing the fish to rot in barrels, the oil being 
skimm^ from the surface; the yield and 
quality were, as would be expected, very poor. 
Later the fish were boiled in open vessels over 
fires, the oil again being skimmed from the 
surface. Larger vessels heated with live steam 
replaced these and the residues (“ chum ”) were 
also pressed, giving a better yield of oil. 

The modem industry is controlled by legisla¬ 
tion in the different states. The fishing is done 
from spedally-built ships which locate shoals 
of menhaden, enclose them in purse-seine nets 
and ladle the fish aboard. As the fish deteriorate 
rapidly, the vessels usually return to port every 
24 ho^s. The factories are situat^ at the 
waterside and the fish are unloaded directly 
from the hold into the factory by means of 
bucket elevators, either going straight to the 
cookers or to temporary storage. I 


The cooker consists of a stationary cylinder 
about 2| ft. in diameter and between 25 and 
40 ft. long. The fish enter at one end through a 
hopper and are propelled along it to the outlet 
by means of blades attached to a revolving 
central shaft. Live steam is admitted either 
through jets in the cylinder wall or perforations 
in the central shaft. The time of cooking 
depends on the condition of the fish, being less 
for soft or small material, but is of the order 
of 15 minutes. The plant runs continuously 
and the cj^oked mass, including condensed 
steam, is conveyed directly to continuous-screw 
presses. These consist of a worm, tapered so 
that the contents are subjected to a steadily 
increasing pressure as they pass along, turning 
inside a cylindrical casing composed of hori¬ 
zontal slats with narrow spaces between. The 
pressed-out liquid—an emulsion of oil, aqueous 
liquors and much suspended solid—collects on 
the press-room floor and drains away to the 
first of a series of open settling tanks. Here 
most of the coarser suspended matter settles 
out and a gradual separation of oil and aqueous 
liquor is effected. The oil, still containing 
emulsified water and solids, is passed to a 
“ cooking tank ” where it is heated by means of 
open or closed steam coils until the emulsion 
breaks and the freed oil can be skimmed off. 
The small amount of emulsified oil remaining, 
known as “ gurry,” is treated in various ways, 
including rotting to decompose protein matter 
and so break the emulsion. This gives a low- 
grade oil. Gurry is sometimes filter-pressed. 
The meal from the screw presses is either dried 
or acidulated with sulphuric acid. It was 
formerly used only as a fertiliser, but recently 
the dried product has come into increasing use 
as a feeding stuff. A full account of the men¬ 
haden industry has been written by Harrison 
(U.S. Bur. Fish. Investig. Kept., No. 1, 1931), 
in which the steps of the process are critically 
examined and suggestions made for improving 
them {see also Harrison and l*ottinger, ibid. 
No. 4, 1931). 

Sardine Oil is prepared from different 
species of sardine and related fish in various parts 
of the world, usually in connection with the 
canning of sardines. The bulk of the sardine 
oil of commerce, however, comes from Cali¬ 
fornia and Japan. The Japanese product is 
made largely from a pilchard {Clupanodon 
melano8tocta)y but often mixed related species 
are employed, in which case the oil is usually 
sold as Japanese fish oil. It will be sufficient 
to describe the manufacture of the Californian 
product which is obtained from a true sardine, 
Sardinia cmrulm. The first oils were made 
from offal from canning factories and were pro¬ 
duced as a side-line in factories dealing with 
slaughterhouse offal. The first Californian 
plant for the sole treatment of fish commenced 
in 1914 and used a process including cooking 
and drying the fish in one operation, followed 
by gasoline extraction of the oil. The method 
did not find general favour and has not been 
used since 1920. Apart from this solvent 
process, the method from the beginning has 
been cooking with live steam, followed by 
pressing, the press liquors until 1927 being 
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invariably dealt with by flotation through a 
series of settling tanks, as with menhaden oil. 
The first centrifugal system for dealing with 
press liquors was installed in 1927, and since 
then this method has found increasing use. 
Other more recent items include the “ foots 
machine ” and the vibrating screen {vide 
infra). 

Prior to 1930, the only material available in 
quantity for oil and meal production was offal 
from the ( anneries, but it should be remembered 
that such offal included all soft and damaged 
whole fish, as well as those of a size unsuitable 
for canning, and, in fact, the amount of offal 
was usually about 40-50% of the total catch 
(Scofield, California Fish and Game, 1938, 24, 
210). The profits from the oil and meal 
industry led to special permits being issued in 
1930 for the reduction of a certain additional 
percentage of whole fish and about 1932 the 
introduction of factory ships operating outside 
territorial waters and catching sardines purely 
for reduction to oil and meal, caused the 
breakdown of the legislative attempts to 
restrict the industry to one of by-products. 
The result has been drastic overfishing with 
the exhaustion of supply already in sight 
(Scofield, Z.C.; Clark, ibid. 1939, 25, 172). 

The modern cookers are essentially the same 
as the menhaden cookers, the fish being cooked 
for about 20-25 minutes at steam pressures 
ranging from 3-25 lb. Some 3 ft. from the 
discharge end of the cooker, the bottom half 
of the shell is replaced by a screen to carry 
away any freed oil and moisture. The cooked 
mass falls directly into a continuous screw 
press, situated below the cooker, and is dealt 
with while still hot. Sardine presses are similar 
to those used in the menhaden industry, but 
the shell is a tube perforated with holes instead 
of being constructed of slats. The solid from 
the press is dried, ground and sold as a feeding 
stuff. 

The press liquors are dealt with in various 
ways. The majority of plant still use the 
settling-tank system, involving normally about 
five tanks in series, two or more being provided 
with steam pipes to maintain a temperature 
of 165°F. A final cooking of the oil to 
break the emulsion, as is done with menhaden 
oil, is not necessary with sardine oil. Some 
plant incorporate vibrating screens to remove 
much of the suspended solid, and centrifuges to 
assist in the last stages. The “ foots machine 
is a combined screening and pressing device for 
dealing with the sludge from the settling tanks. 

The all-centrifugal process involves two steps. 
The first is the removal of the bulk of the solids in 
a solid basket centrifuge, usually called the bulk 
centrifuge. In a typical apparatus the basket 
may be about 18 in. deep, and of 40 in* diameter, 
dealing with about 3000 gallons of press liquor 
per hour. The cleared hquid, removed from 
the centre of the basket by a skimming pipe is 
heated to 200°F. by live steam and fed into 
high-speed centrifugal oil and water separators. 
Here the remaining solids are also removed and 
the modem machines have an automatic sludge¬ 
unloading arran^ment which operates at full 
running speed. Some manufacturers replace.the 


OILS. 

bulk centrifuge by a vibrating screen or other 
device and merely use the high-speed centrifuge. 
For further details of the Californian sardine oil 
industry, see Hatton and Smalley (California 
Fish and Game, 1938, 24, 391). 

Pilchard Oil is made in various parts of the 
world from different species of pilchards, particu¬ 
larly in British Columbia from Sardinops 
cserulea. This Canadian industry is a modern 
one, the commercial canning of pilchards having 
been begun in 1917. From the first the 
quantities of fish landed have been in excess of 
the canning requirements and in 1925 reduction 
machinery was installed. To-day 95% of the 
pilchards caught in British Columbia are 
reduced to oil and meal. The fishing is seasonal, 
from July to September, with occasional catches 
in June and October, and is conducted similarly 
to the menhaden fishing. 

At the factories the fish are unloaded directly 
by means of buc ket or slat elevators into storage 
bins, from which they pass to continuous cookers 
of the type already de8cril>ed. The cooked 
material is pressed in a continuous screw press 
of the type used in the sardine industry and the 
liquors are dealt with either by a series of settling 
tanks, or, in the most up-to-date plant, by 
centrifugal apparatus. In the settling tank 
method, the final aqueous liquors which are run 
to waste contain from 0-5 to 1% oil and the 
total loss is considerable, just as it is in the 
menhaden and sardine oil industries. One type 
of centrifuge in use is a high-speed machine of 
high sludge-capacity, from which the solid can 
be dumped whilst the machine is in operation. 
No preliminary bulk centrifuge is required, the 
press liquors merely being warmed to about 
175®F. and passed Erectly through the centri¬ 
fuge at a rate of about 400 gallons per hour. 
The oil so obtained is ready for immediate 
storage. Further details of the industry 
are given by Hart (Biol. Board Canada 
Bull. No. 36, 1933), whilst Brocklesby and 
Bailey {ibid. No. 46, 1935) discuss methods of 
improving the quality of the product obtained. 
The losses of oil in effluent waters are considered 
by Beall {ibid. No. 85, 1933) and Hart, Marshall 
and Beall {ibid. No. 39, 1933). 

Herring Oil is produced in relatively small 
quantities from offal at canning factories, etc., 
and in larger amounts from whole fish in certain 
countries, such as Norway, Sweden, Iceland 
and Alaska. In Norway, for instance, the 
larger part of the annual catch of herring is 
converted into meal and oil, there being over 
sixty factories for this purpose. It is mainly 
the large winter catch which is thus used and 
between 300,000 and 400,000 tons are reduced 
annually. The oil tends to be of poorer quality 
than such oils as menhaden, sardine and 
pilchard, as the herring are often obtained in 
such large quantities that much material has 
to be stored for long periods (up to several 
months), preserved with salt and chloride of 
lime, before the plant can deal with it. This 
method has the advantage, however, of keeping 
the plant running over a large part of the year. 
As a result of this storage, the oil varies in 
colour from pale yellow to dark brown. The 
processes are very similar to those already 
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described, including cooking with live steam in 
continuous cookers, pressing in a continuous 
screw press dealing with the press liquors either 
by straining and centrifuging or by means of 
settling tanks. The cooker is usually of a design 
rather different from that already described, 
consisting of a long shallow trough rather than 
a cylinder. The time of cooking varies with 
the freshness of the material and if the fish are 
incorrectly cooked the press liquors form an 
unbreakable emulsion. Ludorff (Fette u. Seifen, 
1937, 44, 416), describing the industry in Ice¬ 
land, states that it is necessary to store all the 
herring used (with salt) for some 10-14 days 
before cooking if intractable emulsions are to be 
avoided. This salting is done in large “ bins ” 
and during the storage period a considerable 
amount of oil is freed and is collected through 
special channels in the bottom of the bins. 

Salmon Oil is made entirely from offal from 
the canning and curing industries, principally 
on the Pacific coasts of the U.S.A. and Canada. 
Only a very small fraction of the total waste is 
so utilised, due mainly to the isolated positions 
of many of the canneries, the shortness of the 
seasons (especially in Alaska and the far north) 
and the diflSculty of transport to a central 
reduction plant. The offal consists of heads, 
tails and fins, viscera including livers and 
gonads, and in the case of larger fish, a portion 
of the body and the nape bones. It usually 
amounts to about 33-35% of the total weight. 
The principal species used are the Alaska red 
salmon (sockeye), Oncorhynchus nerka ; the 
Pink (humpback) salmon, 0. gorhuacha ; the 
Coho (silver) salmon, 0. kiautch and the Chum 
(Keta) salmon, 0. keta. The oil produced at the 
different factories varies in appearance and 
properties according to the preponderating 
species being canned at that factory. The 
processes are substantially as already described, 
involving cooking with live steam (usually in 
batch cookers, rather than continuous appa¬ 
ratus), pressing or centrifuging the cooked 
mass and separation of the liquors either by 
settling tanks or by centrifugal means. The 
residue is usually converted into meal, as with 
menhaden, sardine, pilchard and herring. 
Further details can be obtained from Tressler 
(“ Marine Products of Commerce,” 1923, 436. 
The Chemical Catalog Co. Inc. New York) 
and Harrison, Anderson, Pottinger and Lee 
(U.S. Bur. Fisheries, Investig. Kept. No. 40, 
1939). 

Whale Oil has been produced for centuries 
and the history of its production forms a 
sequence of periods of prosperity and depression, 
corresponding to the discovery of new grounds, 
new catching methods, loss of markets through 
the competition of other oils, depletion of 
grounds, and so on. Prior to the commercial 
introduction of the harpoon gun in 1868 by 
the Norwegian whaler Svend Foyn, the oil 
was prepared mainly at sea aboard whale 
factory ships. Each ship was equipped with 
an open cooker (“ try pot ”), usually built of 
brick and heated by a fire fed with exhausted 
blubber, in which tne blubber was rendered by 
direct heat. The whales were caught by means 
of hand harpoona from rowing boats, and after 


being killed were made fast to the side of the 
factory ship. There the blubber was stripped 
off (this process is known as “ flensing ”) and 
after recovery of any other valuable material, 
such as whalebone, the carcase was discarded. 
At the time of introduction of the harpoon 
gun, the whaling industry was at a low ebb, 
due largely to the exhaustion of the stocks of 
those whales which could safely be hunted in 
small boats. With the aid of the gun, however, 
and the simultaneous introduction of larger 
steam-driven catching vessels, the still plentiful, 
more active species of whale, such as blue and fin 
whales, became available. 

The old-time factory ship accordingly dis¬ 
appeared and its place was taken by land 
factories, built at suitable sites. At these 
factories the whales were hauled up on to a slip 
and there flensed. The early blubber boilers 
consisted of open vessels, with open steam jets 
at the bottom. The blubber, c^t into pieces 
about the size of a hand, was cooked in these for 
about 10-12 hours. After a further 8-10 hours 
standing the separated oil was run and skimmed 
off. The yield was poor, due largely to the 
presence of large pieces of insufficiently dis¬ 
integrated tissue. Later, pressure cooking 
under 3-4 atm. was adopted and also the flesh 
and bones were worked up for oil by pressure 
cooking for long periods (12-20 hours). 

Following on the discovery of the presence of 
large numbers of whales in the Antarctic, land 
stations were established in such places as S. 
Georgia, the S. Shetlands, Falklands, etc. 
However, owing partly to the large expanses of 
water far removed from any convenient land, 
factory ships once again made their appearance 
(about 1923), and the modern industry might be 
said to have become established. 

The latest type of factory ship is a specially- 
built vessel of about 20,000 tons (sometimes 
much larger), complete with rendering appa¬ 
ratus, drying apparatus for making meal, oil 
purifying plant and large storage tanks. It is 
served by about 6 catching vessels. On the 
outward trip to the Antarctic (where practically 
all whaling is now carried out), these tanks will 
be partly filled with fuel oil. Supplies for land 
stations may also be taken, and oil from the 
land stations is brought back on the return 
trip. Tankers may also be used to bring back 
part of the oil. Owing to the threatened 
extinction of many species of whale, the 
industry is now' strictly regulated by an inter¬ 
national agreement (Treaty Series No. 37, 
1938, H.M. Stationery Office). Besides limiting 
grounds, species, size, etc., it is also laid down 
that the fullest possible use shall be made of all 
whales taken. This means, in effect, that all 
flesh and bones are now' w^orked up for oil and 
meal. 

The details of apparatus and procedure vary 
somewhat according to the age of the ship or 
land station, its nationality and any patents 
involved. In general, however, the principles 
are the same. The cooker usually consists of a 
horizontal cylinder inside which is a rotating 
perforated drum. The blubber, flesh or bones 
are fed into the drum through large feed-pipes 
which communicate with the deck above and 
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often incorporate a pre-heating chamber. The 
outer casing of the cooker is provided with steam 
jets and an outlet pipe. Steam is admitted 
under a pressure of 3-4 atm. and as the per¬ 
forated drum rotates, any disintegrated tissue 
falls through into the space below, along with 
oil and water. The period of cooking varies 
according to the material being treated, from 
about 1 hour for blubber to 3 or 4 hours for 
bones. The process is often semi-continuous, 
the outside of the perforated drum having a 
propelling worm which drives the collected 
oil and water towards the outlet, where it 
is expelled by the steam pressure in the 
cooker. It passes through a strainer to re¬ 
cover suspended solids, which are pressed and 
dried for meal, and then to a fat separator, 
which is reaUy a specially designed settling 
tank. From here the crude oil is pumped off to 
temporary storage. It is next washed with 
warm seawater and passed through centrifugal 
oil and water separators, after which it is 
pumped into the main storage tanks. It is so 
free from water and suspended protein matter 
that it w’ill not deteriorate during the months 
that may elapse before the ship returns to 
Europe. 

The principal species of whales caught to-day 
are the blue whale {Balaencyptera muaculua)^ fin 
whale {B. physolus)^ and humpback whale 
(Megaptera loops). The once highly important 
sperm whale {Physeter macrocephalus) is now 
caught only in relatively small numbers. The 
blue whale is the largest and a whale of 100 tons 
may yield 28-30 tons of oil. A fin whale gives 
about 8 tons of blubber oil and a humpback 
whale about 6*5 tons. These oils are normally 
mixed aboard the factory ships, but any sperm 
oil obtained is kept separate, in view of its 
entirely different composition (vide infra). An 
interesting feature of the sperm whale is that it 
contains a large quantity of oil in a special 
head cavity. This oil is liquid at the body 
temperature of the whale and is often obtained 
by simply baling it out through an opening 
made in the skull. 

The importance of the modem industry can 
be judged from the fact that in the 1937/38 
season, 46,039 whales were killed, yielding 
667,000 tons of oil. A modern factory ship 
can produce up to 600 tons of oil per day, of 
which the greater part is of grade 1 quality. 

Further details of the history and develop¬ 
ment of the whale-oil industry can be obtained 
from Mansbridge (J.S.C.I. 1917, 86, 362), Kauf- 
mann (Fette u. Seifen, 1938,45, 7), and l^mmer- 
meyer (ibid. 42). Descriptions of modem factory 
ship procedure and equipment are given bv the 
last author (l.c.), Schok (ibid. 36) and Ulrichs 
(ibid. 45). The whole of the January issue of 
Fette u. Seifen for 1938 is devoted to a sym¬ 
posium on whaling and whale oil. 

Cba[ABACTBBiSTios OF FisH OiLs.—^Almost all 
fish and marine animal oils are partly solid at 
ordinary temperatures, the amount of 
“ stearine ” varying with the species. The 
colour of oil made from fresh material varies 
from practically colourless to golden yellow or 
greenish yellow (e.g. pilchard oil) or even red 
(salmon oils). Oil made from staler material 
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is naturally much darker in colour. The 
percentage of free fatty acid in the crude oil 
depends almost entirely on the freshness of the 
original material from which it was made, and 
should be less than 2 for good quality oil. 
Salmon oil made from total viscera is often 
below this quality, however, in view of the 
extremely rapid autolysis in such material. 
Whale oil is graded into 4 grades on a basis oi 
free fatty acid content and colour (e.g. the new 
Norwegian specification for whale oils, N.S. 487 
(1939), gives the following limits : No. 1, 2% 
F.F.A. and 3 red Lovibond units (+36 yellow) 
in a 40 mm. cell; No. 2, 6% F.F.A. and 
10 red units; No. 3, 16% F.F.A. and 12 red 
units; No. 4 anything over these). 

Fish oils are normally subject to greater 
variation in composition than land animal or 
seed fats; due in part to the periods of intensive 
feeding and starvation which most species under¬ 
go in connection with spawning, winter food 
scarcity and low water-temperature, and so on. 
Thus the fish periodically build up fresh fat 
reserves and then later deplete them almost 
entirely. Herring, for instance, vary from 
about 1% of fat to over 30% and the composition 
of herring fat is also different at different seasons 
(Lovorn, Biochem. J. 1938, 32, 676). The 
marine mammals vary greatly in fat content 
during pregnancy and lactation and the fat 
composition varies as a result (Tveraaen and 
Klem, Hvalr&dets Skrifter, No. 11 , 1936). The 
composition also varies from depot to depot, 
and in the case of mixed oils made from various 
parts of an animal (e.g. salmon offal oils, whale 
oils, etc.) the composition will vary appreciably 
according to the relative preponderance of one 
or other portion of the animal. Some com¬ 
mercial oils are made from several related 
species, e.g. Jap fish oil, salmon oil and whale 
oil, and here again variations in composition 
must be expected, which in many cases are 
quite large (Harrison, Anderson, Pottinger and 
L«e, U.S. Bur. Fish. Investig. Kept. No. 40 , 
1939, give data for salmon oils, and Lund, 
Oil and Soap, 1936, 18 , 148, discusses whale 
offs). 

It will be clear, therefore, that the character¬ 
istics normally given for a particular fat 
(density, refractive index, saponification value, 
iodine value, and so on) do not have their usual 
significance as a means of defining any particular 
fish off. For instance, iodine values ranging 
from 140 to 193 have been observed with 
different samples of genuine menhaden oil and 
cod-liver oil shows similar variations (v. Vol. Ill, 
246a). At the same time, however, it is possible 
to give average values for various oils, and these 
may vary markedly from species to species. 
Such variations are important commercially, 
as they influence the value of the off for different 
pu]T)ose8 (vide infra). Actually the character¬ 
istic which shows the most variation is the 
iodine value. The density of most fish oils is 
about 0'90-0*93, the remactive index varies 
somewhat with the iodine value (usual limits 
1*46-1‘48), the % F.F.A. varies from <1 to 
very high values, depending entirely on the 
freshness of the raw material, and the un* 
saponifiable matter is usually <1*6% (except 
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iu the case of certain sharks and the toothed 
whales). The sap. val. does not vary greatly 
except in the case of certain sharks and the 
toothed whales, and normally lies between 
180 and 200, most commonly about 190. The 
usual iodine values of the commercially im¬ 
portant oils fall within the following limits: 
menhaden 160-180; sardine (Californian) about 
180; sardine (Jap.) 180-190; pilchard, 175- 
185; herring 120-140; salmon (Pacific) 130- 
160; whale (baleen) 110 - 120 ; sperm whale 
(head oil) 50-^0; sperm whale (blubber oil) 
86 . 

Chemistry of Fish Om. Fish and marine 
mammal oils differ from most land animal and 
seed fats in the great number of fatty acids 
which they contain. These normaUy include 
^ 14 * ^16 ^18 saturated acids, and C 14 , 

Cjfl, C 18 , C 20 and C 22 unsaturated acids. 
Certain oils contain additional acids in greater 
or smaller amount, such as or saturated 
acids, C 24 or higher unsaturated acids, and so 
on. The unsaturated acids contain members 
of varying degrees of unsaturation, ranging 
from mono- up to penta- and hexa-ethylenic 
acids. The structure of many of these acids is 
still uncertain, due in part to the difficulty of 
obtaining them in pure form and perhaps also 
to different workers using different species for 
the preparation of a particular acid. It is 
possible, even probable, that a Cjg acid with, 
say, 4 or 5 double bonds, will not have afi of 
these in the same positions in cod-liver oil as it 
has in whale oil, or sardine oil. For a descrip¬ 
tion of these acids in cod-liver oil [see Vol. Ill, 
247). Some additional interesting compounds 
include A*‘decenoic and A**dodecenoic acids 
from sperm head oil (Toyama and Tsuchiya, 
Bull. Chem. Soc. Japan, 1935, 10, 570; 1936, 
11 , 26; J. Chem. Soc. Japan, 1936, 56 , 1066); 
A ^'tetradecenoic acid in sperm blubber oil, 
sardine and pilot whale oils {idem, ibid. 56 , 
1060; J. Soc. Chem. Ind. Japan, 1935, 38, 
680B) and hexacosapentaenoic and hexacosa- 
hexaenoic acids in tunny-liver oil (Ueno and 
Yonese, Bull. Chem. Soc. Japan, 1936, 11 , 437). 
Toyama and Tsuchiya {ibid. 1936, 10,192, 232, 
241, 296, 301, 539, 647) give structural formulas 
for a number of highly unsaturated acids isolated 
from sardine oil, ranging from a acid with 
3 double bonds to a €34 acid with 6 double 
bonds. Farmer and Webb {see Annual Rep. 
Prog. Appl. Chem. 1936, 20, 419) postulate 
the presence of conjugated double bonds in 
certain sardine oil acids, but the work of Morrell 
and Davies (J. Soc. Chem. Ind. 1936, 55 , lOlT) 
showed an absence of conjugation in the C^q 
and Cgg polyethenoid acids of cod-liver od. 
Some idea of the uncertainty and contradictory 
data relating to the structure of certain acids is 
afforded by some of the reported work on 
clupanodonic acid, a highly unsaturated C 22 
acid with 5 or 6 double bonds {see Armstrong 
and Hilditch, J. Soc. Chem. Ind. 1925, 44, 
180T; Tsujimoto, Bull. Chem. Soc. Japan, 
1928, 8 , 299; Toyama and Tsuchiya, ibid. 
1935, 10 , 301; Inoue and Sahashi, Proo. Imp. 
Acad. Tokyo, 1934, 10 , 463; Kino, Sci. Papers 
Ins. Phys. Chem. Res. Tokyo, 1934, 24, 218; 
Farmer and Van den Heuvel, J. Chem. Soc. 


1938, 427). Further references to the acids 
occurring in fish oils can be found in the Annual 
Kept. Progress Appl. Chem. 

In the great majority of fish oils these acids 
are combined as mixed triglycerides. The 
number of possible combinations is obviously 
very great, and it is not surprising that no 
quantitative separation and estimation of 
individual glycerides has been found possible. 
Suzuki and co-workers (Proc. Imp. Acad. Tokyo, 
1927, 3, 631; 1928, 4. 166; 1931, 7, 9), by 
means of selective crystallisation of brominated 
oils, have established the presence of numerous 
mixed glycerides in various fish oils. Using an 
entirely different technique involving partial 
hydrogenation, Hilditch and his co-workers 
have reported on the glyceride structure of 
Antarctic whale-oil and a North Sea cod-liver 
oil (J. Soc. Chem. Ind. 1937, 56, 310T). In 
certain sharks much of the total fatty acids is 
combined with glyceryl ethers of higher ali¬ 
phatic alcohols {vide infra)^ whilst in the fats of 
the toothed whales much of the acids is present 
as wax esters of higher aliphatic alcohols, 
instead of as glycerides. Hilditch and I^ovem 
(J.S.C.I. 1929, 48, 359T) have reported on the 
general structure of sperm-head and blubber 
oils. Tsujimoto and his co-workers have em¬ 
ployed vacuum distillation of various toothed- 
whale oils as a means of separating the wax 
fractions from the less volatile triglycerides 
(J. Soc. Chem. Ind. Japan, 1937, 49, 191B, 
272B, 316B, 403B; 1938, 41, 41B). Lovem 
(Biochem. J. 1934, 28, 394) has given data on 
the structure of a porpoise-body fat. 

The methods available for the analytical 
examination of fish oils are in the main those 
applying to fats in general. With such a 
complex mixture of fatty acids it is not possible 
to effect a quantitative separation of all the 
acids and the usual way of reporting a fatty 
acid composition is by means of groups, as 
illustrated in Vol. Ill, 247 Table II. It is pos¬ 
sible, however, by means of lithium fatty-acid 
salt/acetone separation, bromination and similar 
means to separate the more highly-unsaturated 
members of a group from less unsaturated acids 
of the same number of carbon atoms, and this 
technique is sometimes adopted. Details of the 
usual procedure (involving lead salt/alcohol 
separation of the fatty acids, esterification, 
fractional distillation under reduced pressure, 
oxidation of certain fractions and calculation 
of the composition of each fraction from its 
iodine value and saponification equivalent) are 
given by Guha, Hilditch and Lovem (Biochem. 
J. 1930, 24, 266), Hilditch (Fette u. Seifen, 1936, 
43, 97), and Harper, Hilditch and Terleski 
(J. Soc. Chem. Ind. 1937, 56, 310T). Chamley 
(Contrib. Canad. Biol. Fish. 1934, 8 , 609) has 
discussed the calculations involved. 

A sufficient number of fish oils have now been 
analysed by this means to enable a number of 
generalisations to be made. The majority of 
species have fatty acid compositions not very 
different from those given for cod-liver oil {q.v.) 
and related oils. At the same time, however, 
there is a noteworthy tendency for the oils to 
fall into groups of even more closely similar 
compositions, and such groups are normally 
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composed of species related zoologically. 
Hilditch and Lovern (Nature, 1936, 187 , 478) 
have discussed the significance of this pheno¬ 
menon, which applies to the whole field of fats. 
Freshwater species, as a whole, have a character¬ 
istically higher content of C^g unsaturated 
acids and a lower content of Cjq and C 22 iin- 
saturated acids than marine species (Lovern, 
Biochem. J. 1937, 31 , 755). 

In contrast to this general type of fish oil 
(which includes the oils from baleen whales), 
certain species have fats differing sharply from 
such a type. The principal species involved are 
certain sharks and the toothed whales. The oils 
of many varieties of shark are fairly normal, but 
in others the fatty composition differs in that 
the acids tend to be considerably less un¬ 
saturated than usual and that unusually large 
amounts of C 24 acids are present (in most fish 
oils C 24 acids are either absent or present only 
in traces). Concurrently with this much of the 
glycerol of the oils is replaced by monoglyceryl 
ethers of hexadecyl, octadecyl and octadecenyl 
alcohols (chimyl, batyl and selachyl alcohols). 
In certain cases large amounts of the highly- 
unsaturated, branched chain hydrocarbon squa- 
lene are present (Tsujimoto, J.S.C.I. 1932, 61, 
317T; J, Soc. Chein. Ind. Japan, 1935, 88 , 
271B, 272B; 1936, 39 . 82B; 1937, 40 , 365B; 
Hilditch and Houlbrooke, Analyst, 1928, 53, 
246 ; T. P. Hilditch, “ Chemical Constitution of 
Natural Fats,” Chapman and Hall, London, 
1940). 

The depot fats of the toothed whales (sperm 
whale, bottlenose whale, dolphins, porpoises, 
etc.) are noteworthy for the relative saturation 
of their fatty acids, the presence of acids of 
lower molecular weights than usual and the 
replacement of much of the glycerol by higher 
aliphatic alcohols (both saturated and un- 
saturated). The porpoise and dolphin fats are 
unique in containing isovaleric acid, which is 
combined as an integral part of the fat (Lovern, 
Biochem. J. 1934, 28 , 394; Tsujimoto and 
Koyanagi, J. Soc. Chem. Ind. Japan, 1937, 40 , 
272B). The alcohols occurring in toothed- 
whale fats are mainly tetradecyl, hexadecyl, 
octadecyl, hexadecenyl, octadecenyl and eico- 
senyl alcohols. Hilditch and Lovern (J.S.C.I. 
1929, 48 , 365T; 1933, 62 , 90T) give the 
quantitative composition of the alcohol mix¬ 
tures occurring in sperm-head and blubber 
oils. In addition, however, traces of the 
following alcohols have been reported: octyl, 
decyl and dodecyl alcohols, unsaturated 
and Cji alcohols (Ueno and Koyama, J. Chem, 
Soc. Japan, 1936, 67 , 1; Bull. Chem. Soc. 
Japan, 1936, 11, 394); tetradecenol, eicosa- 
tetraenol and docosapentaenol (Toyama and 
Tsuchiya, Bull. Chem. Soc. Japan, 1936, 10 , 
572; Toyama and Akiyama, ibid, 579; 1936, 
11 , 29). 

Whilst these altohols and alcohol-ethers will 
appear in the unsaponifiable fraction of the fat, 
it should be remembered that they are really 
present as saponifiable esters and merely take 
the place of glycerin in a normal fat. Squalene 
(and other hydrocarbons present in some shark 
oils) is, however, true unsaponifiable matter. 

The above survey of the chemical composi¬ 


tion of aquatic animal fats has necessarily been 
brief and is far from being complete. It will 
serve, however, to give a general idea of the 
type of compounds occurring in such fats and 
illustrate the difference between them and the 
usual land animal and seed fats. For fuller 
information on the chemistry of fish oils, see 
the ” Oils, Fats and Waxes ” section of the 
Annual Rep. Prog. Appl. Chem.; Hilditch 
(Proc. 5th Pacific Sci. Congr. Victoria and 
Vancouver, B.C., Canada, 1933, 3647) and 
Lovern (Biochem. J. 1932, 26 , 1978, 1985; 
1934, 28 , 394, 1955, 1961; 1935, 29 , 1894; 
1936, 80 , 2023 ; 1937, 81 , 755; 1938, 82 , 1214). 

In Table I are given the fatty acid composi¬ 
tions of a few representative fish oils, including 
most of the commercially important species. 
The three shark oils have been selected to 
illustrate the fairly normal type, the relatively 
saturated type and an intermediate type. The 
toothed-whale fats illustrate not only the 
peculiar composition of such fats, but also the 
different compositions of fats from different 
depots in the same animal. This point is an 
important one, as the same is often true of 
many other species. As an example of the 
extreme differences that may be encountered 
it may be mentioned that the liver and organ 
fats of the sperm whale and porpoise closely 
resemble fats of the cod-liver oil typo and have 
no lower acids and no wax esters (Tsujimoto 
and Kimura, Chem. Umschau, 1928, 85 , 317; 
Lovern, Biochem. J. 1934, 28 , 394). It has 
already been mentioned that fish oil composi¬ 
tions are subject to considerable variation, but 
the data given in Table 1 will serve to give a 
general idea of the types of fatty-acid mixture 
occurring in these oils. 

Refining of Fish Oils. —It has been 
mentioned that raw fish-oils are normally 
partly solid at ordinary temperatures, and 
of varying colour from practically colourless 
to reddish yellow. Oils from somewhat stale 
material may be brown in colour and have a 
relatively high content of free fatty acid and a 
strong odour. The refining necessary before an 
oil is suitable for an industrial use depends 
mainly on the particular purpose to which it is 
to be put, for some purposes no refining at all 
being necessary. The following refining pro¬ 
cesses are in use: wintering, alkali-refining, 
decolorising and deodorising. 

Wintering consists in removal of stearin by 
cooling the oil, allowing the stearin to settle 
out and then removing it in a filter press. The 
purified oil will be quite liquid at ordinary 
temperatures and the process also removes any 
traces of water and mucilage in the crude oil. 
The temperature to which the oil is cooled will 
depend on the nature of the oil and the purpose 
to which it is to be put and the cooling should 
always be done graduaDy as the separation of 
stearin is a very slow process. 

Alkali-refining for the purpose of removing 
free fatty acid, is carried out just as for vegetable 
fats, etc., by stin^g the oil with the required 
amount of caustic soda solution. A certain 
amount of colouring matter is removed at the 
same time. The purified oil is run off from the 
settled “ foots.” 
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FISH 

Decolorising is usually carried out by agitating 
the heated oil with an adsorbent earth (fuller’s 
earthy etc.), or a mixture of earth and charcoal. 
About 6 % of earth is used and bleaching occupies 
about 16-30 minutes. The earth is then re¬ 
moved in a filter press. 

Deodorising can be accomplished by blowing 
with superheated steam in a vacuum, in the 
usual way. Care must be taken to use as low 
a temperature as possible to avoid polymerisa¬ 
tion of the more highly unsaturated glycerides. 

Uses of Fish Oils. —^For many purposes 
the various fish oils of commerce are inter¬ 
changeable, whilst for others certain oils are 
preferred, e.g. the more highly unsaturated 
oils for paint manufacture and the less highly 
unsaturated ones for margarine manufacture. 
The principal uses to which fish oils are put 
are dealt with only briefly here, as fuller 
information can be obtained under the appro¬ 
priate heading elsewhere in this Dictionary. 

Fish Oils as Sources of Vitamins A and D. 
—The best-known sources of these vitamins 
for both human and animal requirements are 
cod- and other fish-liver oils [v. Vol. HI, 
250). Several of the non-liver oils of com¬ 
merce, however, are being increasingly used as 
a vitamin supplement in animal nutrition. Oils 
made from whole fish of the herring family, 
such as herring, menhaden, sardine and pilchard 
are quite good sources of vitamin D, but in 
general have only a low vitamin A content. 
Salmon offal oils are good sources of both these 
vitamins. Morgan, Kimmel and Davison (Food 
Research, 1939, 4, 145) report that Pacific 
sardine oils contain from 36-96 U.S.P. units of 
vitamin D per gram, one sample having KM) 
U.S.P. units/g. The vitamin A content was 
usually low, but many of the oils were thus at 
least equal to the U.S.P. reference cod-liver oil 
(86 units/g.) in vitamin D content {see also 
Asmundson and Allardyce, Sci. Agric. 1933, 
18, 749; Biely and Palmer, ibid. 14, 136). 
Pilchard oil contains from 20 to 100 I.U./g. 
of vitamin D (varying seasonally) and sometimes 
appreciable amounts of vitamin A (Bailey, 
Biol. Board Canada Prog. Rep. Pacific, 1936, 
No. 28, 11; Brocklesby, ibid. No. 25, 13; 
Pugsley, Fish. Res. Board, Canada Prog. 
Rep. Pacific, 1939, No. 89, 3; Asmundson and 
Allardyce, l.c.; Biely and Palmer, l.c .; Biely 
and Chalmers, Proc. World’s Poultry Congr. 
6 th Congr. Berlin and Leipzig, 1936, Sect. 2 , 
228; MUne, Rudolph and McFarlane, Poultry 
Sci. 1937, 16, 383). Herring-body oil (Pugsley, 
Fish. Res. Board Canada Prog. Rep. Pacific, 
1938, No. 85, 7; No. 88 , 7; Lunde, Nord. 
Med. Tids. 1938, 16, 444; Angew. Chem. 1939, 
52, 621) and menhaden oil (Manning, Nelson 
and Tolle, U.S. Bur. Fish. Invest. Rep. 1931, 
No. 8 ; Halverson, Smith, Sherwood, and Dear- 
styne, N. Carolina Agric. Expt. Sta. Tech. Bull. 
67, 1938) are equal to cod liver oil in vitamin D. 
Morgan, Kimmel and Davison (l.c.) report that 
samples of commercial salmon-offal oils con¬ 
tained 68-142 units/g. of vitamin D and that 
some of them approached the minimum vitamin 
A standard of the U.S.P. cod-liver oil. Harri¬ 
son, Anderson, Holmes and Pigott (U.S. Bur. 
Fish. Invest. Rep. 1937, No. 86) also give 
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data for the vitamin content of salmon oils, 
showing wide variations from species to species 
(especially for vitamin A). Some oils were 
superior to good cod-liver oil as sources of 
vitamin A, others were superior in vitamin D. 
Sockeye and silver salmon oils are good sources 
of both (see also Harrison, Anderson, Pottinger 
and Lee, ibid. 1939, No. 40). 

All these oils seem to be especially used in 
poultry feeding and either the crade or 
“ wintered ” oils are employed. Oils intended 
for such purposes should be made by processes 
involving as little prolonged heating as possible, 
and centrifugal separation is, therefore, pre¬ 
ferable to a settling tank system (Harrison and 
Pottinger, ibid. 1931, No. 4; Brocklesby and 
Bailey, Biol. Board Canada Bull. 1936 No. 46,). 
Whale oils do not seem to be used as a vitamin 
supplement, but whale-liver oil is a valuable 
commercial source of vitamin A (Bomskov and 
Unger, Fette u. kSeifen, 1938, 45, 90). 

Fish Oils as Source of Edible Fats. —Any 
good quality fish oil, with the exception of oils 
from toothed whales and certain sharks, may 
be converted into an edible fat by suitable 
hydrogenation. The treatment involves alkali- 
refining if necessary (free fatty acid attacks the 
reaction vessel and the other impurities removed 
during alkali-refining, slimy matter, phospha- 
tides, etc., are catalyst poisons) and bleaching 
with fuller’s earth. The extent of the hydro¬ 
generation depends on the particular product 
being manufactured and on the composition and 
degree of unsaturation of the original oil. 
Oils of equal iodine value do not necessarily 
have the same melting-point and in fact fish 
oils, with their mixture of acids of various 
molecular weights, give a product which melts 
over a considerable range instead of sharply. 
This is a favourable quality in such a fat as 
margarine, for example, as it confers increased 
plasticity. The hydrogenated edible fats of 
commerce are usually blended products rather 
than entirely made from fish oils, and obviously 
the degree of hardening of the fish oil will also 
depend on the other fats with which it is to be 
mixed. The hydrogenation process is often 
controlled in such a manner as to produce the 
maximum content of ^so-acids (unsaturated 
acids in which a double bond has changed its 
position), which are especially valuable in 
connection with plasticity. This control can 
be exercised by using a somewhat dull catalyst 
and relatively high temperatures. For making 
solid fats, such as lard substitutes and margarine, 
a fish oil of relatively low iodine value is pre¬ 
ferable, as less hydrogen will be required. Such 
oils will include pre-eminently whale oil (I.V. 
about 120 ) and fish-oil stearins separated in the 
wintering of other oils. Incidentally, whale oil 
was the first fat to be hardened on a full factory 
scale for use as a foodstuff (in 1910). Oils for 
lard substitutes are not so fully hydrogenated as 
those for mai^arine. A certain amount of fish 
oil of high iodine value is slightly hydrogenated 
to furnish liquid cooking fats for frying purposes. 

The hydrogenated products have lost en¬ 
tirely all fishy flavour but acquire during the 
process a characteristic odour, which is removed 
by blowing with steam. 
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A historical account of the development of 
the hydrogenation of whale oil for margarine 
manufacture, with details of procedure, is given 
by Normann (Fette u. Seifen, 1938, 45, 73). 
Additional information can be obtained from 
Brocklesby and Denstedt (Biol. Board Canada 
Bull. No. 87 , 1933). 

Fish Oils in Soap and Detergent Manu¬ 
facture.— Untreated fish oils are rarely used in 
soap manufacture (except in certain soft soaps) 
since the product has an objectionable odour, 
is dark in colour and does not keep well owing 
to the rapid onset of rancidity. Partly hydro¬ 
genated oils, however, have excellent soap¬ 
making qualities and the wide range of acids is 
an advantage in that the resulting soap has 
suitable emulsifying and lathering properties 
over a considerable temperature-range. Careful 
control of the hydrogenation process is necessary 
to ensure a good soap-making fat. Another 
method of removing the highly-unsaturated 
acids, which are undesirable for soap manu¬ 
facture, is by heat polymerisation of the oil, 
and, in fact, this method was in use in the soap 
industry long before hydrogenation processes 
had been discovered. A combination of 
sulphonation and polymerisation, followed by 
saponification, gives a soap of unusual emulsi¬ 
fying power and solubility (even in brine), and 
such products made from fish oils are widely 
incorporated in household and other soaps. 

In the superfatting of certain soaps (especially 
toilet soaps) common superfatting agents include 
wax alcohols and spermaceti (Glenn, Soap, 1939, 
15, 21). Spermaceti is the solid fraction 
recovered by cold-pressing sperm-head (and to 
a lesser extent sperm-blubber) oils and sperm 
oils are also a valuable source of wax alcohols. 

Modem developments in the manufacture of 
soapless detergents commonly require wax 
alcohols as raw materials. These are sulphated 
and the acid sulphates converted into sodium 
salts, etc., giving products of great emulsifying 
power and high solubility. Sperm oils can 
readily be converted into wax alcohols by high 
pressure hydrogenation (about 200 atm.), and 
the yield is somewhat greater than with orinary 
glyceride oils, whilst the hydrogen consumption 
is less. 

Details of the use of fish oils in soap manu¬ 
facture are given by Lindner (Fette u. Seifen, 
1938, 45, 76) and Brocklesby (Biol. Board | 
Canada Bull. No. 87 , 1933). j 

Fish Oils in Paints, Linoleum, Water¬ 
proofing, ETC. —Fish oils, especially the more 
unsaturated ones, find considerable application 
as sources of drying oils, for use in the paint, 
varnish and allied trades. For the general 
treatment of this subject (see Drying Oils). 

Fish Oils in the Leather Trade. —^Fish 
oils find extensive use in the leather trade, both 
as tanning agents (in chamoising) and for 
impregnating leathers to confer, among others, 
such qualities as flexibility and impermeability 
to water. In addition sulphonated fish oils are 
widely used as emulsifying agents in such im¬ 
pregnation processes. In the chamoising pro¬ 
cess the exact mechanism of tanning is still 
uncertain, but an essential feature is the oxida¬ 
tion of the poly-unsaturated acids of the fish 


oil and the combination of the products with 
the protein of the sheep skins. The principal 
fish oil used in the leather trade is cod oil (low 
grade cod-Uver oil), but other fish oils, including 
whale oil, are also used, especially on the 
Continent. Stather (Fette u. Seifen, 1938, 45, 
86 ) discusses the uses of whale oil in this 
industry. 

Miscellaneous Uses of Fish Oils. —Among 
the minor industrial uses of fish oils must be 
included the manufacture of lubricants, cutting 
oils, candles, cosmetics and pharmaceutical 
products. In former days considerable quanti¬ 
ties of certain fish oils (notably whale oil and 
sperm-whale oil) were used as lubricants, but the 
gumming tendency of most of such oils (due to 
oxidation) is a great drawback. Hydrogenated 
fish oils and fish-oil stearins are used as in¬ 
gredients of greases and other solid lubricants, 
and sperm oil (the liquid fraction from the 
crude oil) is still used for certain purposes, 
notably for machine ails for light macliinery 
and clockwork. The head and jaw oils of 
porpoises and dolphins are claimed to be the 
ideal lubricant for delicate machinery, but the 
supply is very limited and uncertain and the 
price is high. 

Cutting oils are the oils used as lubricants in 
the machining of metal. They usually contain 
sulphonated or sulphurised fish-oil as an 
emulsifying agent. 

Candles nowadays consist largely of paraffin 
wax, but at one time tallow and spermaceti 
candles were in common use. The standard 
candle used as a measure of light intensity is a 
sperm candle. Even to-day many candles 
contain a proportion of spermaceti or fully 
hydrogenated fish-oil or the acids from such an 
oil. Von Krueger (Fette u. Seifen, 1938, 45, 
81) gives an account of the use of fish-oil products 
in candle manufacture and as illuminants in 
general. 

Spermaceti and higher aliphatic alcohols such 
as cetyl alcohol (often commercially derived 
from sperm-whale oil) are used in cosmetics 
especially as ingredients of face creams, salves, 
grease paints, lipstick and nail wax. Cetyl 
alcohol is often incorporated in shaving creams. 
A full account of such uses is given by Filmer 
(ibid. 105). Spermaceti and cetyl alcohol also 
find a use in pharmacy, principally in ointments 
(see Kaufmann, ibid, 94). 

Other minor industrial uses of fish oils, which 
in the aggregate furnish a considerable outlet 
for these products, include the manufacture of 
artificial leather, use as an adhesive in insecticide 
sprays, use in the compounding of rubber and 
rubber substitutes, printers’ ink, floor and 
furniture polishes and artificial resins. 

J. A. L. 

FISKE'S EXTRACTOR (v, Vol. IV, 686c). 

FLAGSTONE. A stratified rock which 
may be split along the planes of bedding into 
smooth-faced slabs, suitable for use as paving 
stones. If the stone is too absorbent, or finely 
laminated, the surface is apt to flake off by the 
action of frost. As hardness and durability are 
essential in a flagstone, sandstones are superior 
to c^careous or argillaceous rocks. The flaggy 
sandstones are generally micaceous; and their 
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iissility may be partly due to the presence of a distinction from the relatively feebly glowing 
mica along definite planes. The best English flame in which no solid particles are present, 
flagstones are derived from the lower &al- A flame may be produced when chemical 
Measures, the Millstone Grit and the Yoredale reaction occurs between gases or with the pro- 
rocks, Most of the flags used for paving the duction of gas provided that the liberation of 
streets of London are obtained from the York- energy is adequate. The liberation of heat 
shire coalfield. The Elland flagstone, which is accompanying flame is usually considerable, 
extensively worked, is a fine-grained micaceous Examples are the exothermic union of CO and 
sandstone from the low'er Coal-Measures, or oxygen to form COg or of hydrogen atoms to 
ganister series, extending with persistence form molecules, the exothermic decomposition 
through the coalfields of Yorkshire, Lancashire into gaseous constituents of explosives such as 
and Derbyshire. In Scotland, the lower Old guncotton, or of endothermic compounds such 
Red Sandstone yields paving slabs of very large as acetylene into its elements. In phospho- 
size, the best known being the dark-grey flag- rescent flames such as that of phosphorus, the 
stones of Caithness and the Arbroath pavement energy liberated per gram molecule is quite 
of Forfarshire. The celebrated Caithness flag- considerable. 

stone is one of the most important economic In recent years it has been found that “ cool 
products of the Old Red Sandstone. It is used flames ” may be propagated under certain con- 
locally as a building stone, and for use as stone ditions of temperature and pressure. The con- 
flooring and staircases it has been exported to ditions are low-pressure and defective propor- 
all parts of the world. The extensive w^orks for tions of oxygen at temperatures sufficing to 
Liebig’s meat-extract on the River Plate in initiate reaction but to permit the formation 
South America are floored throughout with of intermediate products of oxidation only. 
Caithness flags. The stone is finely laminated, The reaction is accompanied by characteristic 
tough and compact, and its cementing material blue or green glows, but in general no high tem- 
is siliceous, argillaceous, calcareous and bitu- perature unless, as in some cases, the “ cool 
minous. The last of these, derived from the vast flame” maybe transformed into an ordinary 
number of fossil fishes, renders the stone im- flame. {See Explosions, Gaseous, Vol. IV, 
pervious to moisture. Analysis of stone from pp. 419 et seq,) 

the Castle Hill quarries at Thurso, Caithness- It might be supposed that the chemistry of 
shire, gave: SiOo, 69*45; AljOj-f-FegOj, flames would be simple as the reactions often 
10*50; KjO+NagO, 2*20; CaCOs, 10*65; involve matter in its simplest form, and the 
organic matter, 5*79%. Weight per cubic foot, reactions themselves are often of the simplest 
167 lb. type. This appearance of simplicity is illusory. 

L. J. S. The reactions are so extremely rapid and intense 
FLAKE or PEARL WHITE (v. Vol. I, that the course of the transformation of chemical 
699</). into kinetic energy of the gaseous products is 

FLAM E. Although mankind has known the still largely conjectural, for it cannot be followed 
use of fire from very early times the precise by normal chemical analysis and the study 
definition of “ flame ” is a problem of some demands the newest and most searching efforts 
nicety. Davy who gave a rational basis to the of modem chemistry and physics, 
science of the subject described a flame as In the region of temperature below but not too 
“ gaseous matter heated to such a degree as to far below the ignition temperature where oxida- 
be luminous.” Generally speaking, however, tion proceeds at a moderate and controllable 
common gases will not glow as a result of simple rate it is possible to examine the progress of 
heating at any rate up to say 2,000°C. Iodine combustion by chemical methods. Thus Bone 
vapour glows at a red heat but this is ascribed accumulated evidence to show the gradual oxida¬ 
te dissociation of the molecules. In flame tion of hydrocarbons by stepwise hydroxylation 
production, chemical reaction causes heating (Bone and Townend, ” Flame and Combustion 
and luminosity, but hydrogen and air can burn in Gases,” Longmans Green, 1927). 
under conditions such that the flame is scarcely The subject has been developed by the appli- 
visible even in the dark. There is an emission cation of the theory of reaction chains. For an 
of radiation but outside the visible spectrum, account of the extensive literature, see Semenoff, 
For practical purposes a flame is glowing gas, Chemical Kinetics and Chain Reactions,” 
the glow being the accompaniment of chemical Oxford Press, 1936; Hinshelwood, ‘‘ Kinetics 
change. This definition includes phosphorescent of Chemical Change in Gaseous Systems,” 
flames which may be quite cool in comparison Oxford University Press, 1926 and 1940; Lewis 
with the normal hot flame, and also the so-called and von Elbe, ” Combustion, Flame and Ex- 
” cool flames.” plosions of Gases,” Cambridge University Press, 

The use of the word ” luminous ” as a cha- 1938, and Explosions, Gaseous, l.c. 
racteristic of flame needs qualification because Flames produced in the decomposition of 
in practice it is common to distinguish between single endothermic substances have a certain 
non-luminous and ” luminous flames ” whereas interest. In the case of acetylene, it is of 
all in some degree glow. The so-called “ luminous practical importance for, while at atmospheric 
flames” are characterised by the presence in pressure the process is feeble, at higher pressures, 
the flame of suspended particles. These hot e.g. over 2 atmospheres, the decomposition can be 
particles have an emissive power greatly ex- dangerously explosive. In practice, the im- 
ceeding that of the tenuous gaseous medium in portant flames are those produced by the 
which they are immersed and so greatly increase reaction of a combustible substance with 

thfi viflihlA rJi.f1tii.Hnn -frnm flaniA a.a iiiaf.ifcr nirvcrjun-iiaiiAlIv in a{r_^flnrl iinlAaa nf.liarariaA 
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stated will be the subject of discussion in 
this article. For flames in closed vessels and 
detonations, see Explosions, Gaseous, Vol. IV, 
434 et seq. 

Conditions Dkteemining Flame. —Before a 
flame can be produced, a so-called “ inflam¬ 
mable ” material and oxygen must be brought 
together within certain limits of proportion 
dependent on the nature of the material in 
question and the conditions obtaining. An 
inflammable substance does not inflame until 
it has become mixed with oxygen and ignited. 
In spite of the efforts of generations of experi¬ 
menters obscurity surrounds these phenomena 
and in particular the influence of water vapour 
which Dixon showed to be essential, even in 
extremely minute quantities, to the initiation of 
the combustion of carbon monoxide and oxygen. 

Open flames of carbon monoxide with air or 
oxygen are influenced by quite moderate 
degrees of drying. On the other hand no 
attainable degree of drying cyanogen and 
oxygen sufficed to prevent explosion. Bone and 
Weston (Proc. Roy. Soc. 1926, A. 110, 615) have 
shown that a carbon monoxide—oxygen mixture 
dried over PjOg for 2 years could be ignited by 
sufficiently powerful sparks. 

Limits of Inflammability. —Mixtures of two 
gases such as hydrogen and oxygen will not 
inflame if there be either too little hydrogen or 
too little oxygen present to produce on com¬ 
bustion sufficient heat to ignite the adjacent 
unburnt mixture. It is necessary therefore to 
distinguish between “ Lower ” and “ Upper ” 
limits of inflammability (referring to the per¬ 
centage of the so-called inflammable gas) be¬ 
tween which limits aU mixtures are capable of 
burning. These limits, however, are not precise 
numbers but depend on conditions. As the 
limit is dependent on the existence of a local 
Sufficiency of heat, anything w'hich serves to 
drain heat from the system will interfere with the 
propagation of flame, and may even extinguish 
a flame once started. If the mixture is confined 
in a small tube, the limits may depend on the 
diameter of the tube and the thermal conduc¬ 
tivity of the material. In an extreme case such 
as exhibited by small tubes of metal or metal 
gauze, propagation of the flame may be entirely 
suppressed—as exemplified by the miner’s safety 
lamp. When a mixture is confined in a tube, 
the limits may be wider if the gas is ignited at i 
the bottom than if ignited at the top. Again the 
fliethod of ignition has a considerable influence. 

For all these reasons the results given in the 
literature show considerable divergence. Where 
it is a question of safety and volumes are large, | 
the widest possible limit should be adopted. 
Coward estimated that the lowest limits for the 
three commonest fuel gases burning with air 
were: hydrogen 4-1%, methane 6*3%, carbon 
monoxide 12-6%. 

Very low concentrations of gases and vapours 
of iiigh calorific value will give inflammable mix¬ 
tures. Limits are often widened at higher tem¬ 
peratures and pressures. 

Le Chatelier propounded the rule that when 
2 limit mixtures (both upper or both lower) are 
mixed, the resulting complex mixture will itself 
be a limit mixture. 


A set of comparative figures for gas/air mix¬ 
tures burning upwards in tubes 7-5 cm. in dia¬ 
meter is as follows : 



Lower. 

Upper 

Limit. 


% 

% 

Hydrogen .... 

41 

76 

Carbon monoxide . 

12-8 

72 

Methane ..... 

5-35 

14-86 

Pentane .... 

1-42 

8-0 

Ethylene .... 

302 

3-40 

Acetylene .... 

2-60 

80-5 

Benzene .... 

1-41 

7-45 

Carbon disulphide . 

106 

60-0 


Coward and also White have confirmed the 
validity of this rule more particularly for 
“ lower ” limit mixtures as shown by the follow¬ 
ing figures : 



Lower. 

Upper. 


/o 

/o 

Coal gas .... 

5-36 

30-9 


(5-36 calc.) 

(28-8 calc.) 

Water gas, 60 CO/50 

6-05 

71-8 

H,. 

(6-2 calc.) 

(72-5 calc.) 


A comprehensive compilation of data of limits 
of inflammability is given in Bone and TowMiend, 
op. ciL 

Temperature of Ignition. 

The temperature of ignition may be defined 
as the temperature to which a gaseous mixture 
must be heated to produce a self-sustaining 
flame. As this depends on the rate of a chemical 
reaction, it is clear that ignition temperatures 
will be influenced by all the factors on which 
reaction velocities depend, and it is not sur¬ 
prising that the figures obtained by different 
observers vary widely according to the method 
used. Moreover, particular interest attaches to 
the phenomena observed when gaseous com¬ 
bustible mixtures are heated to temperatures 

The Ignition Temperatures of Gases. 



Ignition temperature, “ 

C. 


In oxygen. 

In air. 


Between. 

Mean. 

Between. 

Mean. 

Hydrogen . 
Carbon mon- 

580-590 

686 

680-690i 

585 

oxide (moist) 

637-658 

650 

644-658 

651 

Cyanogen 

803-818 

811 

860-862 

856 

Ethylene 

600-619 

610 

542-547 

543 

Acetylene 
Hydrogen sul¬ 

416-440 

428 

406-440 

429 

phide . 

220-236 

227 

346-379 

364 

Methane 

666-700 

— 

660-750 

— 

Ethane . 

520-630 

— 

620-630 

— 

Propane . 

490-670 


— 

— 

Ammonia 

700-800 


— 
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near but below those at which jflame propagation 
takes place, as set out in Explosions, Gaseous, 
Vol. IV, pp. 419 ei seq. 

The measurements of Dixon and Coward 
(J.C.S. 1909, 95, 614) indicate the comparative 
ignition temperatures of common fuel gases with 
air and oxygen. The gases were heated 
separately to the same temperature before 
meeting and the temperature when inflammation 
was observed was noted. 

When ignition is effected by contact with hot 
surfaces, their condition is of great importance 
as indicated by the diversity of figures recorded. 
An extreme example is given by the observation 
of W. Davies (Phil. Mag. 1935, 19 , 309) that an 
explosive mixture of CO and air is not ignited 
by contact with a platinum wire at 1,200°, 
although ignition occurs at higher and lower 
temperatures. Thus, finely divided platinum 
at air temperature may accelerate the union of 
oxygen and hydrogen to such an extent as to 
cause a mixture of coal gas and air at air tem> 
perature to ignite. This device is used com¬ 
mercially for the ignition of gas burners (L. W. 
Andrew, A. B. Densham and E. W. Voice, Trans. 
Inst. Gas Eng. 1937-38, 87 , Comm. No. 174,474). 

Similarly, spark ignition is influenced by the 
size and character of the spark. i 


Types of Flame. 


A stationary flame may be produced by 
igniting an inflammable mixture as it issues into 
a neutral atmosphere, or by allowing one of the 
combining gases to issue from an orifice into an 
atmosphere of the other, and igniting the self- 
made mixture at the orifice. A third method is 
to allow a mixture with one gas in excess to 
issue into an atmosphere containing the other. 



All these conditions are found in practice, and 
they merge into each other. A flame of carbon 
monoxide in air lends itself readily to experi¬ 
mental demonstration (Fig. 1). 

If undiluted carbon monoxide be delivered 
from a cylindrical tube under a gentle pressure 
into a still atmosphere of air, the flame which is 
formed appears to be a simple hollow blue cone 
resting upon the orifice of the tube (a). There 


is a perceptible gap of extinction between the 
end of the tube and the superimposed flame. A 
finite interval of time is necessary before the gas 
finds sufficient air to make an inflammable mix¬ 
ture and for this mixture to be ignited. 

The escaping gas makes its own mixture by 
interdiffusion with the surrounding air (“ secon¬ 
dary air ”) and so the stream is burnt through 
from the periphery to the central axis as the 
gas ascends. The central core of gas must rise 
some distance before reaching a supply of un- 
consumed air and consequently the shell of 
burning gas takes a pointed shape, described as 
a “ cone.” When the velocity of issue is in¬ 
creased, the stream becomes more turbulent 
and the shape of the flame increasingly dis¬ 
ordered. The combustion is determine by 
interdiffusion of ('arbon monoxide and air. 

The addition of a small quantity of air 
(“ primary air ”) to the carbon monoxide before 
it issues from the orifice produces a noticeable 
effect upon the flame. The cone diminishes in 
height and seems to have a lining of brighter 
blue (6). With a little more air, the lining is 
seen to be a second cone within the first and 
consequently with a gentler slope. The in¬ 
dividuality of this inner cone becomes apparent 
when the proportion of primary air mixed with 
the issuing gas is sufficient to bring the mixture 
well within the limits of “ inflammability ” (c). 
The mixture is, indeed, inflaming downwards, 
but as the rate of propagation does not exceed 
the upward velocity of the gas stream, the inner 
cone of flame cannot travel against the gas 
stream. With more air, however, a greater rate 
of inflammation ensues and eventually the inner 
cone, after becoming more and more squat, 
enters the tube and travels against the gas 
stream, first as a flat disc and then as a convex 
surface with the bulge dowmwards (d). Through¬ 
out all these changes, the second or outer cone 
is maintained at the orifice of the tube by the 
combustion, in the external air, of the carbon 
monoxide in excess of that which the primary 
air suffices to oxidise in the inner cone or 
disc. It loses in brilliance owing to its dilu¬ 
tion with the carbon dioxide and nitrogen which 
come from the inner cone. If the primary air 
supply be increased until it can complete the 
oxidation of the carbon monoxide, the outer 
cone will disappear altogether (e). This, how¬ 
ever, is not the end point, for an excess of 
primary air just like a defect diminishes the rate 
of inflammation, and consequently when the 
rate has been reduced below the velocity of 
the outflow of the gaseous mixture the single 
(inner) cone of flame will rise again to the 
orifice of the tube and remain there. It is to 
be noted that now the flame consists of only 
one film of burning gas. The film is still conical, 
but it has considerable thickness and its lower 
boundary is also a conical surface (/). The 
term “ solid ” has been used to distinguish a 
flame of gas which is burning continuously 
throughout the whole or nearly the whole space 
included by its external surface from one which 
is burning in thin films and whose external sur¬ 
face includes chiefly unbumed gas; but a ** solid ** 
carbon monoxide flame is obviously a contra¬ 
diction in terms, and the two types of flame 
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might be more suitably designated as ** volume 
and “ film ” flame respectively. 

The last stage to be describe in the develop¬ 
ment of the carbon monoxide/air flame is 
reached when the excess of primary air brings 
the mixture near to the limits of inflammability, 
or, precisely speaking, when the rate of in¬ 
flammation of the mixture is reduced below the 
velocity of the ascending gas mixture adjacent 
to the walls of the tube. The flame then gets 
detached from the orifice, rises and disappears. 

The various phases are shown diagram- 
matically in Fig. 1. 

In Fig. 1 (e) the inner cone, which has re¬ 
treated, is shown as being arrested at the orifice 
of the narrow tube through which the mixed 
gases are led into the wider one. The arrest is 
due to the fact that in the present example the 
velocity of efflux through the narrow tube ex¬ 
ceeds in all cases the velocity of inflammation of 
the mixture. The apparatus used by Smithells 
(Chem. Soc. Trans. 1892, 61, 204) known as the 
flame separator (Fig. 2), depends for its action 



Fio. 2. Fig. 3. 


on the principle just mentioned. It consists of 
two cylindrical tubes of different diameter, 
made preferably of fireproof glass, one of which 
slides within the other through an india-rubber 
collar. A guide attached to the inner tube 
keeps it coaxial with the outer tube. Mixtures 
of an inflammable gas and air can be admitted 
through the lower end of the narrow tube by 
attaching a T-piece, or more simply by attaching 
it to a Bunsen burner. A two-coned flame can 
be obtained, and if the proportion of the gases 
is suitably adjusted for a velocity of inflamma¬ 
tion intermediate between the upward velocity 
of the mixture in the wide tul^ and that in 
the narrow one, the inner cone will descend in 
the wide tube and come to rest at the orifice of 
the narrower one. If the outer cone be now slid 
down, a two-coned flame rests on the orifice of j 
the narrow tube. The practical value of the 
appliance depends on the fact that it permits 
separate chemical and physical examination of 
the inner and outer cones and of the interconal 
gases, and in this way it has been of assistance in 
the study of the progress of combustion in com¬ 
plex gases. 


The influence of aeration on the structure of 
flames of carbon monoxide—air mixtures may be 
taken as typical and this mixture was chosen for 
the simplicity of the chemical reactions involved. 
Nearly all combustible gases met with in practice 
are either hydrocarbons or mixtures containing 
hydrocarbons such as coal gas. The greater 
complexity of the gases introduces additional 
features. The flames without “ primary ” air 
are rendered luminous by the separation of 
carbon in the shell of burning gas. Closer 
examination shows that this shell really consists 
of three distinct parts. The most conspicuous is 
the bright yellow luminous area (Fig. 3 (a)). The 
lower part of the flame is surrounded by a bright 
blue sheath or “ calyx ” (b). In addition the whole 
flame is encased in a dimly burning mantle (c). 
The interior of the shell contains the, as yet, 
unburnt gas. The relative brightness of some 
I of these parts depend on the composition of the 
gas and the form of the orifice and conditions 
of burning. Luminosity varies with the com¬ 
position of the hydrocarbons. 

A high velocity of efflux reduces the luminosity 
of the flame. Examples of these influences may 
be seen in the form of non-aerated burners used 
for burning acetylene, and of batswing burners 
for coal gas. If the air ports of an ordinary 
Bunsen burner are gradually opened it is easy to 
follow the transition of the calyx into the inner 
cone and the luminous mantle into the outer 
cone which becomes non-luminous. 

These two cones can be separated by means 
of the Smithells Separator and the interconal 
gases sampled and analysed. It will be noticed 
that the inner cone is furnished with a faintly 
luminous glow which has been termed the 
“ aureole.” The interconal gases themselves 
consist essentially of the four gases CO, Hg, 
COg and HgO diluted with the nitrogen from the 
air. No more than traces of hydrocarbons are 
present and in a separated Bunsen flame of coal 
gas no oxygen can be detected with ordinary 
methods of gas analysis. A typical analysis due 
to Smithells and Ingle (J.C.S. 1892, 61, 209) of 
the interconal gases of a coal gas flame is: 
COg 4-20/^, HgO 16 0%, CO 8 8%, Hg 9-3% 
and Ng 62%. 

The four actual products of combustion are 
the components of the “ Water Gas Equilibrium 
System ” and the value of the equilbrium con- 

stant for the analysis given is 3*7 

ICOgJtngJ 

which corresponds to a temperature of about 
1,600°C. 

Haber and Richardt (Z. anorg. Chem. 1904, 
88 , 5 ) showed that figures so calculated agreed 
with those obtained by measurements with 
thermo-electric couples. The inference is drawn 
that in the passage of the air-gas mixture through 
the inner cone of a Bunsen flame, the reaction is 
carried to thermal equilibrium at the tempera¬ 
ture attained. The absence of oxygen is to be 
noted and this gives rise to the term “ reducing 
flame ” as applied to the inner part of a coal gas 
flame. 

In industry the term “ diffusion ” flame (v. 
supra) is applied to a type which is a variant of 
one mentioned above. If the emerging stream 
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of fuel gas is surrounded by a concentric stream 
of air under conditions such as to retard inter- 
diffusion, the combustion can be delayed. The 
velocities and densities of gas and air should 
approximate, if necessary by preheating the air. 
By this means so-called “ diffusion ” flames of 
great length and radiating area can be produced, 
and their properties have been studied by S. P. 
Burke and T. E.'Schumann (Ind. Eng. Chem. 
1928, 20, 998). Delayed aeration promotes 
liberation of incandescent particles over a large 
area. This is useful for the rapid and uniform 
heating of large furnaces. Such flames may be 
open, or formed in heat-resisting tubes which 
radiate upon the furnace charge. This device 
helps the control of furnace atmosphere. 

Flame Temperatures. 

The defining and measurement of the tem¬ 
perature of gases presents difficulties which do 
not arise when dealing with solids and liquids. 
If a thermometric instrument is immersed in a 
solid or liquid until equilibrium is reached then a 
tolerably precise indication of temperature can 
be obtained. When dealing with gases in general 
new features appear. Gases, according to the 
kinetic theory, consist of molecules in linear 
motion and therefore charged with kinetic energy 
of translation. This energy can be measured 
by the pressure exerted by a fixed quantity of 
gases on the walls of a confining vessel. This 
pressure is taken as a measure of the temperature 
of the gas, either by direct measurement or by 
some instrument calibrated against the pressure. 
Gases may be charged with energy in other forms, 
e.g. that associated with the quantised electronic, 
vibrational and rotational states of the con¬ 
stituent molecules. In a system in equilibrium, 
the total energy of the system will be distributed 
between these quantised states and the kinetic 
energy of the molecules according to the Max- 
well-Boltzmann law. If the equilibrium is 
disturbed, an appreciable time may elapse before 
the energy is redistributed in the normal manner. 
This is especially true of flame gases which are 
or have been in a state of intense chemical 
activity, and where chemical and physical 
equilibrium may not be established. In these 
circumstances the temperature indicated by a 
particular measuring instrument will depend 
on whether or not it is affected by energy of a 
particular form. As an example, a thermo¬ 
couple inserted in a stream of hydrogen con¬ 
taining free atoms would indicate a higher 
temperature than that corresponding to a trans¬ 
lational energy of the component molecules and 
atoms, since the catalytic recombination of the 
atoms on the surface of the wire would result 
in the release of the chemical energy of reaction. 
Similarly in a system in equilibrium, which is 
emitting radiation, one may determine the 
temperature from a spectroscopic examination 
of the radiation, e.g, by the distribution of 
intensity in the vibrational and rotational 
structure of a band spectrum. When equili¬ 
brium is not attained, the temperature deter¬ 
mined by this means may be different from that 
measured by the kinetic energy of the gas, but 
is none the less significant as the vibrational 


and rotational levels contribute to the total 
energy of the system. 

The temperature of the sodium vapour in 
electric discharge lamps appears to exceed 
2 ,000° judged by brightness and to be only 
one-tenth of this judged by direct measurement. 
Again the bright inner cone of the Bunsen flame 
judged from the intensity of its radiation is the 
hottest, whereas thermometric measurement 
shows it to be the coolest region of the flame. 
The inner cone is a region of intense chemical 
activity, the source of a visible radiation in ex¬ 
cess of that emitted by the adjacent gases which, 
judged by their translational kinetic energy, are 
at least as hot. 

For a fuller discussion of the meaning of gas 
temperatures, see J. G. Bennett and M. Pirani, 
J. Inst. Fuel, 1939, 12, 1-45, Special Issue, 
March 12. 

The term “ flame temperature ” is sometimes 
applied to a figure calculated on the assumption 
that the known heat of combustion of the com¬ 
bustible is distributed without loss among the 
theoretical products of combustion. These 
figures are always arbitrary because they depend 
on the nature and extent of the assumptions 
made—the specific heats of gases at high tem¬ 
perature, the degree of dissociation of the pro¬ 
ducts into simpler molecular radicals or atoms. 
Such calculations have a certain use in making 
estimates of comparative thermal intensity and 
usefulness of fuels. The use of these calculated 
“ theoretical flame temperatures ” is, however, 
limited because they vary little for a wide range 
of fuels. The combustion of carbon with air to 
form CO 2 with its associated nitrogen gives 
about 900 calories per litre of gaseous products. 
The combustion of hydrogen with air to form 
steam with its associated nitrogen gives almost 
exactly the same quantity of heat (net) per litre 
of products. As most fuels consist of C and H 
in various atomic combinations, and having 
only small heats of formation, the composition 
of a fuel consisting essentially of carbon and 
hydrogen has no large influence on the “ thermal 
intensity,” or ” flame temperature ” in this 
sense, of the products. Actually the usefulness 
of the fuel in practice will, in most cases, depend 
on other considerations. 

Most flames are composed of or bounded by 
thin films and their external surface encloses a 
quantity of unbumed or partly burned gas. It 
is not customary to speak of the temperature of 
such a flame as meaning the average thermal 
state of the burning films and the included gas. 
The temperature attainable by the combustion 
of gas usually means the temperature which 
would be indicated by a thermometric instru¬ 
ment wholly immersed and in thermal equili¬ 
brium with its surroundings in a specified region 
of combustion. Such a temperature is obviously 
lower than the “ theoretical flame temperature ** 
mentioned above. Combustion is not instan¬ 
taneous and energy is lost by radiation. It is 
difficult to make such measurements in thin fiJims 
of flame; but is more practicable in “ volume ’* 
flames, produced by burning ready-made mixtures 
of combustible gas and air. 

An extensive and critical account of the 
measurement of flame temperatures has been 
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given by G. Riband, Y. Laure and H. Gaudry 
(J. Inst. Fuel 1939, 12, S. 18), and B. Lewis and 
von Elbe {op. cit.) have reviewed the optical 
methods. 

The following is a summary of the methods 
used by different observers :— 

(1) Direct Measurements with Thermo-electric 
Couples .—This method is limited by the melting- 
points of platinum and its alloys, which are 
below the temperatures attainable by com¬ 
bustion of hydrocarbons with air. Moreover, 
allowance must be made for the loss of heat by 
radiation from the glowing wires. This is done 
by making measurements with couples of 
different diameter and extrapolation to zero 
diameter. In some cases a suction pyrometer 
can be used effectively. The flame gases are 
drawn at high speed over the junction of the 
couple so that the junction can attain or 
approach equilibrium with the gases. 

(2) Direct MeasuremerUs with Resistance 
Thermometers .—Resistance thermometers of very 
fine wires have been used for measuring the 
temperatures of flame produced in explosions. 
Resistance thermometers have also been used 
for measuring the temperatures of jet flames, 
provision being made for the loss of heat 
radiated from the glowing wire. These measure¬ 
ments are also limited to temperatures below 
the melting-point of platinum. The method 
used by E. Griffiths and J. H. Awbery at 
the National Physical Laboratory was of this 
type (Proc. Roy. Soc. 1929, A, 123, 401). 

(3) Brightness of Suspended Particles or 
Vapours .—The temperatures have been deduced 
from brightness of particles suspended in flames. 
Such measurements are based on the laws of 
radiation and are independent of the refractori¬ 
ness of solids. They enable measurements to be 
carried into the more important range of tem¬ 
peratures attained when fuels are burned both 
with air and with oxygen. 

This method was first applied by Kurlbaum 
to luminous flames where the radiating particles 
were free carbon. F4ry extended this method 
to non-luminous flames by colouring them with 
salt vapours and his method has been widely 
applied. F^ry observed the continuous spectrum 
emitted by a source, e.g. a carbon filament lamp 
when a flame coloured with salt vapour was inter¬ 
posed. When the brightness of the lamp was 
varied the D lines would either stand out more 
brightly or less brightly than adjacent parts of 
the spectrum. When the lines merged into the 
spectrum it was assumed that the temperature 
of the salt vapours equalled that of the source. 
The temperature of the source would be measured 
independently with an optical pyrometer. The 
radiation of the salt vapours is assumed to 
be purely thermal and their temperature equal 
to that of the flame gases. The assumptions 
underlying this method have been challenged, 
but the method has been very widely used and 
on it are based most of the measurements re¬ 
corded in current literature. 

(4) Colour Brightness .—^A more recent de¬ 
velopment of flame thermometry is the use of 
colour brightness pyrometers, l^e ratio of 
the brightness of the red and green bands of the 
radiation from the flame is dependent on the 

VoL. V.~16 


temperature of a source. If the relationship is 
known it may be used to measure the tempera¬ 
ture of luminous flame. Such measurements 
give higher results than those given by total 
brightness pyrometry. 

(6) Chemical Thermometer .—Temperatures of 
flames have been inferred from the composition 
of the gases within the flame which Haber called 
the “ chemical thermometer.” It is assumed 
that the flame gases are in chemical equilibrium 
and that the relation of this to temperature is 
known. The hot gases are withdrawn from the 
flame by a water-cooled capillary whereby they 
are sampled cold for analysis without, it is 
assumed, change of composition. The results 
depend on a number of assumptions, partly as to 
experimental method and also as to thermo- 
chemical data. The validity of these assump¬ 
tions is uncertain but, at least for temperatures 
below about 2,500°C., the results are in sub¬ 
stantial agreement with those obtained by other 
methods. 

(fl) Range of a Particles .—When a particles 
are projected through a layer of gas the range of 
the particles depends on {a) the intrinsic stop¬ 
ping power of the gas and {h) its absolute tem¬ 
perature. By measuring the capacity of non- 
luminous gases of a coal gas/air flame to stop 
particles, Shirodkar (1933) calculated the tem¬ 
perature of the flame gases as 1,845°C. 

Flame Tempeeatures. 

The following results are taken mostly from a 
table given by Lewis and von Elbe {op. cit.). 
They have been measured by sodium-line re¬ 
versal unless otherwise stated: 


Mixture. 

Per cent. 

com¬ 

bustible. 

Flame temp. 

®C. 

Hydrogen/air 

31-6 

2,045 

.. /o, . . 

67 

2,487 

Atomic hydrogen 

100 

2,515, method 3 

Carbon monoxide/air 

32 

(Griffiths and 
Awbery l.c.). 
2,100 

Carbon monoxide/Og 

60 

2,905 

Methane/air . 

10 

1,875 

Butane/air 

3-2 

1,895 

Acetylene/air 

90 

2,325 

Acetylene/Oj 

330 

3,007 

Ethylene/air 

70 

1,975 

Ammonia/air 

21 

1,700 

Natural gas/air . 

9-0 

1,930 

Coal gas/air . 

17-6 

1,918 

Carburetted water 
gas/air 

18-8 

1,930 

Coal gas/air . 

— 

1,883, methods 

Coal gas/air . 


(Griffiths and 
Awbery). 
1 ,886, method 2 

Coal gas/air . 

I 

(Griffiths and 
Awbery). 
1,845, method 6 


Radiation from Flames. 

The radiation emitted by flames has been 
studied extensively with two principal objects, 
the elucidation of the mechanism of combustion 






FLAME. 


242 

and the utilisation of the radiant energy in in- 
creasing the efficiency of heating processes. 
Although the problem of the origin of the radia¬ 
tion has attracted much attention, it is still un¬ 
certain whether the process is thermal or chemi¬ 
luminescent in character, or both, i.e. whether or 
not the energy states concerned in the emission 
are in thermal equilibrium with the remainder 
of the system according to the Maxwell-Boltz- 
raan distribution law. The conception of 
thermal equilibrium and the relation between 
the kinetic energy of the molecules and their 
electronic, vibrational and rotational energy is 
discussed in the preceding section on flame 
temperature. In general it is to be expected 
that in the flame front where chemical change is 
most active, particular species may be formed 


in an excited state, giving rise to emission which 
is characterised as chemiluminescent. In the 
outer regions of the flame the tendency will be 
for the establishment of thermal equilibrium 
consequent on the “ degradation ” of “ ordered ” 
energy of chemical reaction and the radiation 
emitted will be thermal in character. 

Experiments carried out to test this point are 
not entirely conclusive. Schmidt (Ann. Physik. 
1909, [iv], 29, 1027) made measurements of the 
spectral brightness in the infra-red region of 
a coal gas flame in a Meker burner. These 
measurements were made a short distance 
above the cone, and were considered to estab¬ 
lish the thermal nature of the infra-red radiation 
in this part of the flame. On the other hand, 
in “ cool ” flames, where visible light is emitted. 
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the temperature as determined thermometrically 
is of the order of 300°C., and hence it would 
appear certain that the radiation is chemi¬ 
luminescent. The whole question merits further 
study, with particular reference to modem con¬ 
ceptions of the significance of fiame temperature 
discussed on p. 240. 

The distribution of energy through the 
Bpectmm has been examined for many flames. 
An important fact is that the emission in the 
visible and ultra-violet regions represents only 
a very small part of the total energy emitted. 

Almost all the radiant energy of the hydrogen 
fiame is in the band at 2 * 8 /i emitted by the water 
molecule. Similarly, with the cLy carbon 
monoxide flame, most of the energy is associated 
with the band at 4*4/[t characteristic of COj|. 
When water vapour or hydrogen is present m 


this flame, the water band at 2 * 8/1 appears, but 
the total radiation is greatly diminished. In 
the case of hydrocarbon flames, as might be 
expected, both the CO, and H 2 O bands are 
observed in the “ non-luminous ” flames, while 
when the flames are “ luminous,” due to restric¬ 
tion of primary air, sensibly ** black body *’ 
emission from the incandesqent particles of 
carbon is observed, the position of the maximum 
emission being determined by the temperature 
of the flame according to the Wien displaoement 
law. 

The radiation from fiame is important in 
practice because it supplements the transfer 
of heat by convection while being free fix>m its 
limitations. It is particularly important in 
connection with the use of gaseous fuels and must 
be considered in relation to the structure and 




FLAME. 


243 


size of flames. In practice substantially all 
flames involve the same gaseous products as a 
hydrocarbon flame, and it is convenient therefore 
to take the Bunsen flame as typical. 

The quantity of energy radiated by a flame of 
coal gas depends on the degree of aeration of the 
gas mixture supplied to the burner. Fig. 4 taken 
from a paper by H. Hartley (Inst. Gas. Eng. 
1932-33, 82, Comm. No. 63, 4) shows the results 
obtained by Callendar for a Meker burner (C) 
and by Hartley for a Meker burner (A) and a 
Bunsen burner (B). The minimum radia¬ 
tion, about 10% efficiency, is emitted by fully 
aerated flames. As the aeration is reduced the 
size of the flame and the radiation emitted in¬ 
crease to a peak with 16-18% when about half 
the air is supplied before combustion. Further 
reduction of primary air causes a slight fall in 
the emission, but the output of radiation in¬ 
creases as the aeration falls to zero and the 
flame acquire^^ “ luminosity ” owing to the 
separation of carbon. The effect of this carbon 
from the coal-gas flames is less than might be 
expected. 

R. T. Haslam and others (Ind. Eng. Chem. 
1926, 17, 272; 1927, 19, 4) obtained results 
which can be harmonised with these figures. 
With acetylene, however, the radiation was 6*9% 
when the primary air supplied was 50% of 
theoretical. The emission rose to 28*2% from 
the luminous flame with no primary air, and is 
an extreme example of the influence of 
carbon particles in the flame. Acetylene, it 
must bo remembered, is an endothermic com¬ 
pound. 

Hartley (lx.) has examined the distribution 
of the radiant emission through the various 
parts of an aerated coal-gas flame (C.V. 600 
B.Th.U. per cu. ft.), in which the total radiation 
represent^ 13-5% of the calorific value of the 
gas burned. It was found that 86% of this 
energy was emitted by the outer cone and the 
surrounding heated products of combustion, 
while most of the remainder came from the 
inter-conal region. 

The effect of increasing thickness of the flame 
on the intensity of the emitted radiation has 
been studied extensively, owing to its obvious 
importance in industrial applications. It can 
be shown that the total radiation E=K{l^e~^) 
where K and k are constants and x is the thick¬ 
ness of the flame. In practice it is found that 
even luminous flames containing free carbon 
particles are relatively transparent to their own 
radiation, so that E is directly proportional to 
X for small values of x, while it is not until x 
is of the order of 100 cm. in the case of a coal- 
gas flame that further increase produces no 
frirther increase in E (Callendar, J. (las Lighting, 
1910, 111, 644). 

A. Shack (Z. tech. Phys. 1924, 5 , 267, and 
“ Industrial Heat Transfer,” 1933, Chapman 
and Hall) has considered the effect of pressure, 
temperature and thickness on the radiation 
received from unit surface of a layer of carbon 
dioxide and water vapour, and has published 
curves from which Hie intensity of such radia¬ 
tion may ^ calculated under particular con¬ 
ditions. His values show good agreement with 
experiment. 


The practical application of the radiation from 
flames in industrial heating processes has been 
the object of more attention recently. W. E. 
Gamer’s observation that the addition of 
hydrogen to a carbon monoxide flame decreases 
the total radiation provides an explanation for 
the fumaceman’s preference for the “ soaking ” 
heat of producer gas as opposed to the “ cutting ” 
heat of water gas, whilst the value of the presence 
of tarry particles in producer gas is well estab¬ 
lished. 

Experiments have been made on the addition 
of hydrocarbons to mixtures such as blast¬ 
furnace gas in order to increase the radiation. 
The application of large diffusion flames and 
luminous flames from rich hydrocarbon mix¬ 
tures has been studied by Williams and Cone 
(.1. Amer. Ceram. Soc. 1932,15, 501), Hepburn 
and Weller (Metal Progress Aug. 1936), Hottel 
and Broughton (Ind. Eng. Chem. (Anal.) 1932,4, 
166) and others. 

Emission in the Visible and Ultra-violet 
I Regions. —^The emission of band spectra in the 
visible and ultra-violet regions is the result of a 
change in the electronic energy state of the 
emitting molecule. In general, each transition 
from one electronic state to another gives rise to 
a system of bands, of which each individual 
member corresponds to a transition between 
particular vibrational states of the molecule. 
The individual lines of the band correspond to 
the transition between particular rotational 
energy states. The analysis of these spectra 
according to modem theory permits the deter¬ 
mination of the molecule responsible for the 
emission in the case of diatomic and some simple 
polyatomic molecules. In addition spectro¬ 
scopic data give information as to the absolute 
sizes, moments of inertia and heats of dissocia¬ 
tion of the molecules, while dissociation con¬ 
stants and specific heats of gases may be 
evaluated under some conditions. The mechan¬ 
ism of the emission of continuous spectra in the 
visible and ultra-violet regions, apart from the 
emission of thermal radiation by solid bodies, 
is less weU understood. In general, if a tran¬ 
sition occurs to an electronic state having a 
potential energy function of the “ repulsive ” 
type, dissociation of the molecule follows, ac¬ 
companied by the emission of continuous radia¬ 
tion. 

The emission of the hydrogen flame in these 
regions is almost entirely confined to the bands 
of the OH radical in the near ultra-violet at 
3,248, 3,122, 3,064, 2,875, 2,811 and 2,608 a. 
In addition there is a faint continuous emission 
of unknown origin. The flame of dry carbon 
monoxide shows a diffuse banded system super¬ 
posed on a continuous spectrum extenffing 
through the visible and near ultra-violet, which 
has been shown by Fowler and Gaydon (Proc. 
Roy. Soc. 1933, A, 142, 362) to be identical 
with that observed in the afterglow of carbon 
monoxide excited in a discharge tube. This 
spectrum is considered to be characteristic of the 
formation of excited carbon dioxide molecules 
by the direct interaction of carbon monoxide and 
oxygen. Weston (ibid. 1926, A, 109, 176) has 
shown that as water vapour or hydrogen is 
Add?d, the OH bands appear and increase in 
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intensity, while the CO- bands and the con¬ 
tinuous spectrum diminish. With most hydro¬ 
carbons bands of CH at 4,317, 3,888 and 3,140 a 
and of Cg, the Swan bands at 4,737, 5,165 and 
5,635 a, etc., are emitted, together with the 
above mentioned systems. In addition there 
occurs a complex and extensive system of bands 
in the near ultra-violet and visible region first 
noted by Vaidya (ibid. 1934, A, 147, 513) in 
the ethylene dame and hence known as the 
“ ethylene flame ” bands. The emitter of this 
system is uncertain; Vaidya considered it to be 
the radical CHO, but others have suggested 
CHjj (Bell, ibid. 1937, A, 168, 429) and HCHO 
(Kondrateev, Acta phys.-chim. U.S.S.R. 1936, 
4, 556; Smith, Proc. Boy. Soc. 1940, A, 174, 
110). The continuous emission from incan¬ 
descent carbon particles previously mentioned 
extends into the visible region to an extent 
depending on the flame temperature. 

The relative intensities of these bands vary in a 
somewhat complex manner with the nature of 
the combustible, degree of aeration and the zone 
of the flame examined. | 

The spectra of certain special forms of flame, 
e.g. the “ cool ” flame, and of the less usual com¬ 
bustible substances, have also been the object 
of considerable investigation. It is beyond the 
scope of the present article to deal with all these 
cases, but the list of references given in the 
next column, indicating the nature of the flame 
and of the emission bands observed, while by 
no means exhaustive, should serve as a guide 
to the literature of the subject. 

The conclusions which have been drawn from 
these observations are in many cases of doubtful 
value, as insufficient consideration has been 
given to the complexity of the mechanism of 
the emission of spectra in flames, and to the 
difficulty of interpreting the chemical processes 
from spectroscopic data. This matter is dis¬ 
cussed by E. C. W. Smith (Proc. Roy. Soc. 
1940, A, 174, 110). In spite of these limitations 
the observation of the spectrum is almost the 
unique source of information as to the part 
played by free radicals and similar reactive 
species in combustion processes. In general it 
would seem that the spectra indicate some de¬ 
gree of disruption of the combustible molecule 
followed by rearrangement to stable and semi¬ 
stable molecules, which is not in accord with 
most current theories of combustion. On the 
other hand, so little is known of the nature of 
the kinetic processes involved, that it is doubtful 
whether any of the theories, “ hydroxylation,” 

“ peroxidation,” ” chain theory ” do more than 
give a representation of the mechanism which is 
more or less useful for particular purposes. So 
little is known of the mode of transfer of the 
energy of chemical reaction that to attempt to 
prove that any particular theory represents the 
actual course of the molecular and atomic en¬ 
counters is quite useless. In particular, little 
is known of the part played by radiation in the 
transfer of energy from reacting to unreacted 
molecules, and it would probably be possible 
to account for all known data on the assump¬ 
tion that this energy is radiated in the far 
ultra-violet and absorbed by the surrounding 
molecules. 


Reference. 

Flame. 

Bands 

observed. 

Bell (Proc. Roy. 
Soc. 1937, A, 
168, 429). 

CH^ 1 

CHa-OH 
CHgCHO ) 
H CHO 

C„CH,OH, 
CO,, “ Et 
flame.” 

CO„ OH. 

Emeleus (J.C.S. 
1926, 2948). 

(C,H.),0 : 
Cool flame 

Normal 

flame 

Fluor escent 
bands of 

HCHO. 

Co,CH,OH, 

Et flame.” 

Fowler and Ba- 
dami (Proc. 

Roy. Soc. 1931, 
A, 133, 327). 

Hg in NgO 

NH, OH. 
NO,NH,(?) 

Fowler and Gre¬ 
gory (Phil. 

Trans. 1919, A, 
218,351). 

NH, 

NH, NH2(?) 
NO. 

Fowler and 

Vaidya (Proc. 
Roy. Soc. 1931, 
A, 132, 310). 

CSj 

H^S 

s„co,so„ 

cs. 

s„so,so„ 

OH. 

Kitagawa (Proc. 
Imp. Acad. 

Tokyo, 1935, 
11 , 262). 

Bpj in Ha- 

Br,. 

Rassweiler and 
Withrow (Ind. 
Eng. Chem. 
1932, 24, 528). 

Flame in 

cylinder 
head of 

petrol en¬ 
gine. 

C„CH,OH, 

” Et flame.” 

Vaidya (Proc. 
Indian Acad. 
Sci. 1935,2, A, 
352). 

Benzene 
Toluene 
Phenol 
Resorcinol 
Pyrogallol 
Benzalde- | 
hyde 

Benzoic acid 
Diphenyl 
oxide J 

Cj.CH.OH, 

” Et flame.” 


Aniline 'I 

Nitro- 1 

benzene [ 

Pyridine J 

Cg.CH.OH, 
Et flame,” 

CN, NO. 


Products of Combustion.^ 

When a fuel such as town gas bums in a 
flame with free access of air, combustion to 
CO 2 and HgO is remarkably complete. These 
major products of combustion are harmless, 
although in certain water-heating installations 
provision must be made for the disposal of con- 

* The chemistry of combustion and details of Its 
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densed water, amounting as it does to approxi¬ 
mately 1 gallon per 100,000 B.Th.U. generated. 

The products of combustion contain in addition 
minor constituents such as CO, oxides of sul¬ 
phur, and oxides of nitrogen which have im¬ 
portant influences upon the domestic and in¬ 
dustrial application of flames. In the case of 
imperfect combustion of gas a characteristic 
unple£U3ant odour is often observed. The precise 
nature of the compounds causing the odour has 
not been determined, although formaldehyde 
has been identified. The presence of acetylene 
has also been claimed. 

Because of its poisonous character, the con¬ 
ditions causing formation of CO and the extent 
of its production have received much attention, 
and standards have been laid down as to what 
constitutes good practice. The amount of CO 
in the products of combustion of flames burning 
freely in the open, whether of the luminous or 
Bunsen types is extraordinarily low. On the 
other hand, the proportion of CO may rise 
when attempts are' made to apply such flames. 
The conditions which favour incomplete com¬ 
bustion and therefore an increase in the CO 
in the products are: (1) inadequate access of 
air to the flame; (2) contamination of the air 
supply with products of combustion; (3) chilling 
of the flame ; and (4) in the case of Bunsen j 
flames, breaking of the inner cones. The im-1 
perfect supply of air and removal of products of 
combustion may be general or local, as a result | 
of distortion of the flame by a massive solid 
body, and the CO-production will be increased 
if the interfering body is cold. For these reasons 
the CO-output of an appliance usually increases 
rapidly when it is worked above a specified rate, 
and although perfectly satisfactory at the rate 
for which it was designed, may become dangerous 
if overloaded. 

Completeness of combustion is usually judged 
by the CO/COj ratio in the products of com¬ 
bustion, the small amount of CO being deter¬ 
mined by 12^ oxidation. For domestic appli¬ 
ances the CO/COg ratio should not exceed 
0 02 at 100% pressure overload. (British Stan¬ 
dard No. 717—1936.) 

The following figures for free-burning flames 
show how complete combustion may be : 

Parts of CO 

per 10,000 
of gas burned. 


Flat-flame and Argand Burners . 1 

Bunsen Burner, Meker Type . 1 

Bunsen Burner, well-aerated . 1 

Bunsen Burner, air-shutter closed 
to give luminous flame . . 2 


Since 1 cu. ft. of town gas produces about 
0*6 cu. ft. of CO2 and 4--4‘5 cu. ft. of air-free 
products of combustion, it will be seen that the 
actual concentration of CO in flue gases may 
be very low, even without the dilution with 
excess air which invariably occurs. 

For comparison it may be noted that town air 
contains about 6 parts of CO per million, rising 
to 20 parts in foggy weather, and that 80 parts 
per million has been recorded in streets with 
much motor traffic. Detailed studies of methods 
of determining CO and the CO-production of a 


variety of gas appliances have been made by 
Hartley and Davies (J.S.C.I. 1927, 46, 201T), by 
Masterman and co-workers (Trans. Inst. Gas. 
Eng. 1931-32, 81, 142-189; 1936-36, 86 , 95- 
166), and by J. W. Wood and G. B. Howarth 
for the Gas Investigation Committee of the 
Institution of Gas Engineers (16th, 17th, 19th, 
2l8t and 26th Reports, ibid. 1924-25, 1925-26, 
1926-27, 1927-28, 1929-30). 

Oxides of nitrogen in small quantity are found 
in the products of combustion of practically all 
fuels, probably due to reaction between the 
oxygen and nitrogen of the air at the high tem¬ 
peratures involved. In the case of town gas a 
further possible source is the combustion of 
traces of ammonia and cyanogen compounds 
remaining in the gas. The presence of NO in 
gas retort settings and the exit gases from power 
plants to the extent of 0*05 grains per cu. ft. 
has been established. The oxides of nitrogen 
exist chiefly as NO in the zone of combustion, 
but this is slowly converted to NOg and in the 
presence of water may play an important part 
in corrosion phenomena (see below). The con¬ 
centration of NOg rarely attains a sufficiently 
I high value to have troublesome physiological 
effects, but damage to artificial silk goods dyed 
i with certain dyes has been traced to oxides of 
nitrogen in the atmosphere. Oxides of nitrogen 
probably play a part also in the deterioration of 
leather goods, book-bindings and photographic 
goods, although this was formerly attributed 
almost wholly to sulphur compounds. The 
NO-production in the case of town ga^ amounts 
to about 1 part of NO per 10,000 volumes of gas 
burned (Inst. Gas Eng. Trans. 1931-32, 81, 
Comm. No. 36, 66). 

Nearly all the sulphur of solid fuels and all the 
sulphur of liquid and gaseous fuels burns to 
oxides of sulphur in the course of combustion, 
by far the greater part in the gaseous phase 
being in the form of SOg. Conversion to SO3 
is relatively slow, and commercial methods for 
the removal of the oxides of sulphur from waste 
gases usually depend upon fixing them as sul¬ 
phites and subsequent oxidation to sulphates. 

At the present time a typical value for the 
sulphur content of a town gas is 22 grains of 
sulphur per 100 cu. ft. This gives rise to 0*01% 
by volume of SO2 and SO 3 in the theoretical 
air-free products of combustion. These oxides 
are objectionable in a number of ways: (1) their 
pungent odour, especially that of SO 3 , restricts 
the development of flueless appLiancea ; (2) they 
lead to corrosion and eventual destruction of gas 
appliances; (3) in the industrial field the sulphur 
compounds may have an adverse effect upon 
non-ferrous materials, and appreciably increase 
the scaling losses when working steel; glass 
may acquire a “ bloom ” during working. 

These objections have led to a demand for 
sulphur removal and some gas companies are 
sending out gas with only 10 grains of sulphur 
per 100 cu. ft. It is probable that new methods 
of gas production and purification will result 
in even lower sulphur figures. This is the more 
likely since recent work has shown that while 
any sulphur removal would be beneficial, reduc¬ 
tion in corrosion troubles is not proportional to 
the reduction in the sulphur content of the gas, 
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and that reduction to below 5 grains per 100 cu. 
ft. is desirable. 

The commoner materials used in the construc¬ 
tion of gas appliances may be placed in descend¬ 
ing order of their resistance to corrosion by pro¬ 
ducts of combustion under conditions where the 
water vapour simultaneously formed is almost 
completely condensed, as follows: tin, solder, 
lead, aluminium, copper, brass, zinc and iron. In 
the case of zinc the sulphur acids are almost 
quantitatively taken up. Lead is peculiar in 
showing increased corrosion at low sulphur 
concentrations. This is presumably due to the 
action of the small amounts of nitric acid formed 
by the oxidation of the NO produced during 
combustion, and failure to form a protective 
coating of lead sulphate. 

Tests have also been made with the same 
materials under conditions of partial conden¬ 
sation and re-evaporation. The materials re¬ 
main in substantially the same order, but cor¬ 
rosion is aggravated by local attack and the 
formation of localised deposits, some of them 
voluminous, such as wi^uld choke flue-ways 
and interfere with combustion. As might be 
expected, the deposits consist largely of basic 
sulphates of the metals named. Apart from the 
question of sulphur it has been shown that great 
importance attaches to the composition of the 
furnace atmosphere in the heat treatment of 
metals, and that bright flnished work cannot 
be economically produced in a “ reducing ” 
atmosphere resulting from the indiscriminate 
admission of excess gas to the furnace. 

References .—Wood and Parrish, “ Corrosion 
by Products of Combustion,” I (Trans. Inst. Gas 
Eng. 1933-34, 83, Comm. 76, 73); II, Wood and 
Parrish {ibid. 1934-35, 84, Coram. 100, 246); 
III, Wood and Eastwood {ibid. 1935-36, 85, 
Comm. 121, 167); IV, W’ood and Eastwood 
{ibid. 1936-37, 86, Comm. 140, 68); Wood 
and Taylor {ibid. 1939, Comm, 224); Millett 
and Cobb, “ Scaling of Mild Steel in S-free and 
S-Containing Furnace Atmosphere ” {ibid. 1935- 
36, 85, Comm. 127, 609); Fells, “ Use of Town 
Gas in the Steel Industry” {ibid. 1933-34, 88, 
Comm. 87, 598). 

Combustion Characteristics. 

As fuels are used to generate heat, the principal 
property of a fuel gas is therefore its calorific 
value, or the number of B.Th.U. developed per 
cu. ft. of gas burned. It does not follow that the 
gases with the highest C.Vs. are the most suitable 
for a public supply, in fact, constancy of C.V. is 
in practice more important than the precise 
value adopted. 

Under the Gas Regulation Act, 1920, the 
initial selection of the calorific value of the gas 
to be supplied in any area in Great Britain was 
at the discretion of the local gas authority, with¬ 
out restriction as to composition so long as the 
“ declared calorific value ” is maintained. By 
far the greater part of the gas now supplied has 
a C.V. Mtween 470 and 500 B.Th.U. per cu. ft., 
and there is a tendency to reduce the variety of 
declared calorific values in use. 

It is found, however, that constancy of C.V. 
does not necessarily ensure uniformity of per¬ 


formance in gas appliances. The manner of 
combustion of the gas varies and these differences 
are loosely referred to as the “ combustion cha¬ 
racteristics ” of the gases. For some time the 
technicians of the gas industry have b^n 
seeking methods of defining and measuring 
“ combustion characteristics ” and expressing 
the property numerically. Wood and Eastwood 
have prepared a critical review of the literature 
of the subject, with an extensive bibliography, 
for the Joint Research Committee of the 
Institution of Gas Engineers and Leeds Uni- 
vereity (Trans. Inst. Gas. Eng. 1937-38, 86, 
Comm. 166). 

Chemical composition fails as a criterion of 
combustion characteristics, as there is no simple 
and recognisable relationship between com¬ 
position and behaviour on combustion ; further, 
changes in composition, e.g. in the heavy hydro¬ 
carbons, not detectable with certainty by 
ordinary methods of analysis, may cause sigmfi - 
cant differences in the manner of combustion. 
Small quantities of accelerators or retarders, too 
small to measure directly, may also be present. 
The “ C Function ” put forward by the American 
Gas Association is a criterion or combustion 
characteristic which can be calculated from the 
chemical composition of the gas {ibid.). 

Density or specific gravity is a most important 
physical property of a fuel gas, since variations 
in density affect both thermal delivery and the 
degree of primary aeration of atmospheric 
burners. Close regulation of both these proper¬ 
ties (C.V. and density), however, does not of 
itself guarantee uniformity of performance in 
gas appliances. For this reason the Wobbe 
fCalorific Value! 

Index, i.e. — V^p'^r' —popular on the 

Continent, is only of limited service as a com¬ 
bustion characteristic {see review by Wood and 
Eastwood, l.c. p. 60). 

The behaviour of a gas burner is closely related 
to the flame-speed curve of the gas {q.v.), but this 
curve does not give a single numerical value 
characteristic of the gas. The maximum flame 
speed is unsuitable for characterising the gas 
since atmospheric burners do not normally work 
at air-gas ratios corresponding with the maxi¬ 
mum flame speed of the gas used, but at a lower 
value where flame spe^ is very sensitive to 
changes in air-gas ratio. An interesting and 
useful derivative of the flame-speed curve, 
Minchin's “ D Function,” is described in the 
review mentioned, p. 66. 

In view of the defects of the criteria of com¬ 
bustion outlined above, the idea of observing 
the behaviour of gases in carefully standardised 
Bunsen burners has led to several attempts in 
this direction. The results are composite and 
empirical, and reproducibility depends upon 
the production of the test burners to very exact 
dimensions and their use under carefuUy stan¬ 
dardised conditions. 

Thus, Ott (Wood and Eastwood, Lc. p. 44) 
jopened the graduated air-shutter of his burner 
until the flame was either unsteady (FZ— 
Flackerzahl) or actually struck back (RZ— 
Riickschlagzahl) and the corresponding reading 
was recorded as the ” Ott Number ” of the gas 
and is extensively used on the Continent. Hawes 
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has devised an instrument giving a continuous 
record of the Ott Number of a gas {ibid, p. 49). 

In the Hofs&ss burner the air-Siutter was fixed 
and variation in the height of the inner cone was 
taken as a measure of the gas quality. An 
alternative method adopted by Czako and 
Schaack (Wood and Eastwood, l.c. p. 52) was 
to determine the air-shutter opening necessary 
to reproduce a standard height of iimer cone. A 
test burner known as the Aeration Test Burner 
(A.T.B.) working on these principles was also 
developed by the research staff of the Gas Light 
and Coke Company, London. It was critically 
examined by them and by Wood and Eastwood 
on behalf of the Institution of Gas Engineers 
{ibid., Comm. 166,55; Comm. 189,72; Comm. 
217). Two models “ A ” and “ B ” were pro¬ 
duced, the latter being a most carefully con¬ 
structed Bunsen burner with micrometer- 
controlled air-shutter. The quality of the gas 


is expressed on an empirical scale of “ A.T.B. 
Numbers ” corresponding with the opening of 
the air-shutter required to reproduce a standard 
cone-height. 

The indications of the burner are not affected 
to any significant extent by ordinary variations 
in atmospheric temperature and pressure, but a 
change in the humidity of the air from a water- 
content of 1 to 2% by volume causes an increase 
of 3 A.T.B. units for a gas with an A.T.B. 
Number of 80. The effect of contamination of 
the atmosphere around the burner by products 
of combustion is even more marked, and the 
COj-content of the air near the burner should 
not exceed 0*2%. The lengthening of the inner 
cone of a test burner has even been applied to 
the detection and rough estimation of the degree 
of atmospheric pollution. A.T.B. Numbers 
(and some Ott and Czako and Schaack Numbers) 
of typical town-gas mixtures are indicated in 
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^ Thermal Input to Burner 

Fig. 5. 

{Reproduced by permiseion of the Institution of Oas Enyineers .) 


the Inst. Gas. Eng. Communication mentioned, 
by Stewart {ibid.. Comm. 155,48) and by 
Haffner {ibid.. Comm. 202). 

It shoiild be made clear that the object of test 
burners is to find the permissible limits of varia¬ 
tion in gas quality for different types of gas¬ 
consuming appliances (lighting burners, cookers, 
gas-fires, etc.) and so to control the composition 
of the gas leaving the gasworks that troubles 
due to noisy operation, lighting-back, imperfect 
combustion, and blow-off may be avoided. For 
a typical town gas of C.V. 600 B.Th.U. per cu. 
ft. and an A.T.B. Number of approximately 76, 
a variation of ±15 A.T.B. units would appear 
to be tolerated in many appliances. 

A graphical method of presenting combustion 
characteristics devised at the American Bureau 
of Standards (Tech. Paper No. 193, 1921) has 
been revived and developed by Fuidge, Murch 
and Pleasance (Inst. Gas. Eng. Comm. 223). 
It displays veiy clearly the properties of the 
principal fuel gases and commercial mixtures 
of them, and emphasisea the almost inseparable 
parts played by the gas and burner respectively 
in effectively burning gas. The treatment is as 
follows: a standard burner is worked at a con¬ 
stant thermal input, and the behaviour of the 
fiame and inner-cone are observed as the air-gas 


ratio is increased by mechanical means. One 
thus travels along a line such as AE on Fig. 5. 
At B the flame loses its luminosity, the inner 
cone then shortens and becomes more marked, 
until back-fire takes place at C. With increasing 
air-gas ratio, however, the flame-speed becomes 
lower and it is possible to relight the gas at 
point D and continue until the flame blows off 
at E. When a certain thermal input is ex¬ 
ceeded as one moves towards the right of the 
diagram one no longer enters the back-fire area 
in passing from luminosity to blow-off. 

The usable combination of gas-rate and air-gas 
ratio giving stable aerated flames on the standard 
burner is therefore that represented by the area 
on the combustion diagram 13’^ing between the 
heavy lines representing the limits of luminosity 
and blow-off, but excluding the area marked as 
the zone of back-fire. 

Upon this combustion diagram an aeration 
diagram must be superimposed as shown by the 
light and dotted lines in Fig 6. These lines 
show the air-gas ratios which can be achieved 
when the standard burner is injecting air in the 
normal fashion with various combinations of 
gM pressure and size of orifice or jet for the gas. 
The composite diagram thus enables one to ascer¬ 
tain how much of the combustion diagram could 
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be covered by the standard burner working in 
the normal fashion for given conditions of gas 
supply. The three principal constituents of 
town gas, hydrogen, carbon monoxide and 
methane show a remarkable diversity in the 


shape and extent of the boundaries of their 
combustion and aeration diagrams, and on this 
basis the paper referred to indicates the reasons 
for the suitability and unsuitability of numerous 
mixtures proposed for town gas supplies. 



Thermal Input to Burner 
Fig. 6. 

(Reproduced by permission of the Institution of Gas Engineers.) 


Flame Speeds. —In burners of the Bunsen 
type the stream of gas issuing from the jet 
causes air to be drawn into the burner, and it is 
the character of the resulting air-gas mixture, 
particularly as regards rate of flame propagation, 
which determines the behaviour of the burner. 

Results are generally presented in the form of 
curves showing the relation between the rate of 
flame propagation and the composition of the 



Fig. 7. 

mixture. A series of curves for the principal 
fuel gases is given in Fig. 7. It will be noted 
that: 

(1) Each curve exhibits a pronounced maxi¬ 
mum. 


(2) There is a remarkable difference in the 

maximum rate of flame propagation for 
individual gases, that for hydrogen being 
approximately seven times that for 
methane. 

(3) For all curves the maximum rate of flame 

propagation is not attained when the air 
and gas are in the proportions theo¬ 
retically necessary for complete combus¬ 
tion, but when there is an excess of 
combustible gas. 

(4) The limits of composition of the air-gas 

mixture within which flame propagation 
will take place are very different for the 
individual gases {see “ Limits of In¬ 
flammability,” p. 237). 

(5) The curves do not reach the base line but 

indicate a finite rate of flame propagation 
for mixtures at the limits of inflam¬ 
mability. 

The curves shown in Fig. 7 were obtained by 
the ” Static ” method, i.e. by observing the rate 
of flame travel in a homogeneous stationary mix¬ 
ture confined in a horizontal glass tube 2-6 cm. 
diameter. There is an alternative “ Dynamic ” 
method of determining flame speeds due to 
Gouy which is perhaps of greater importance to 
burner designers, depending upon the measure¬ 
ment of the dimensions of the inner cone of a 
Bunsen flame fed with a homogeneous mixture 
of gas and air of known composition. The 
flame speed is given by: 


TrrVr^-fA* 

where V =flame speed in cm. per sec. 

Q —rate of mixture flow (air+gas) c.c. 
per sec. 

r =ra^u8 of burner mouth (internal) 
cm. 

h =height of inner cone in cm. 
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As the “ cone ” is not a true geometric cone, 
attempts have been made to obtain a more 
accurate estimate of the area of the actual 
envelope of the inner cone by using photo¬ 
graphic enlargements of its image. Smith and 
Pickering have also measured the angle of the 
cone at a point 0-707r from the axis of the burner, 
this being the point at which for streamline-flow 
the speed of the mixture is equal to the mean 
speed which can be obtained from Q and 
the area of cross-section of the burner. It may 
be here noted that the tip of the cone is always 
rounded, that the flame does not come right 
down on to the mouth of the burner, and that 
the base is generally slightly flared and over¬ 
hangs the burner. These facts create some un¬ 
certainty in deciding upon the values of r and h 
which should be used for the calculation of V. 

The speeds obtained by the static and 
dynamic methods (sometimes referred to as 
“ tube speeds ” and “ burner speeds ” respec¬ 
tively) however, differ from one another to a 
much larger extent than the experimental error 
revealed by comparing the results obtained by 
different workers using either of these methods, 
the “ tube speeds ” being approximately twice 
the “ burner speeds.” The work of Coward 
and HartweU (J.C.S. 1932, 2676-84) and of 
Roeder (Nat. Adv. Comm. Aeronaut. (U.S.A.), 
Rpt. 1935, 532) has done much to explain 
the discrepancy by distinguishing between 
‘‘ fundamental ” and ” apparent ” flame speeds. 
The burner speeds would appear to be the more 
suitable for use in calculations concerning the 
design of burners. 

It is clear that given the flame-speed of a 
mixture, the process can be reversed and the 
size of inner cone can be calculated for a burner 
of specified dimensions. In practice there are 
several limitations not evident from the formula: 
( 1 ) if the velocity of the air-gas mixture is suffi¬ 
ciently high to produce turbulent motion it 
behaves as though its effective flame-speed were | 
higher than the true value—up to twice the 
value normally obtained. (2) According to the j 
formula the cone could shrink to a flat disc 
across the mouth of the burner when A = 0 . 
Actually back-fire occurs if the cone height 
shrinks much below 1*4 diameters, although this 
quantity depends upon the dimensions of the 
burner and properties of the gas being used. 
(3) The formula indicates no upper limit to the 
height of the cone, but above a certain height 
the cone lifts away or ” blows off.” The 
phenomenon is chiefly observable with slow- 
burning mixtures and is less well defined than 
back-fire. (4) In ordinary burners, preheating 
of the mixture on its way to the burner head 
produces changes in velocity which are difficult 
to allow for exactly. 

It is important to note that no really satis¬ 
factory method has been devised for calculating 
the flame speed of a complex mixture like town 
gas from the flame-speed curves of its con¬ 
stituents, and actual determination is therefore 
essential in specific cases. Discussions of the 
dynamic method of determining flame speeds 
and of attempts to calculate flame speeds are 
given in Appendixes 1 and 2 to Trans. Inst. Gas. 
Eng. 1937-38, 86 , Comm. 166. 


Flame-speed curves for binary and ternary 
mixtures of Hj, CO and CH4, the principal 
constituents of town gas, have been riven by 
Bunte and Litterscheidt (Trans. Inst. G^as. Eng. 
1937-38, 86 , 19-21). The addition of “ inerts,” 
i.e. CO 2 and N 2 to a combustible gas lowers the 
flame speed of the mixture, CO 3 being more 
effective than Nj approximately in proportion 
to its higher specific heat. 

The effect of pressure upon rate of flame pro¬ 
pagation is fully treated in Explosions, 
Gaseous (Vol. IV, 426). 

The effect upon flame speed of preheating 
the mixture has been investigated by Passauer 
(Gas-u. Wasserfach, 1930, 73, 313-19, 343-51, 
369-72, 392-97). It causes an increase in the 
rate of flame propagation and also a slight dis¬ 
placement of the maximum towards the gas-rich 
side of the flame-speed diagram. If calculation 
is based upon the volume of gas and air mea¬ 
sured at ordinary temperatures the apparent 
linear flame-speed is approximately proportional 
to the temperature of preheat measured on the 
absolute scale. The gravimetric rate of reaction 
is also proportional to the absolute temperature 
of preheat. 

Aeration or Burners. —The section upon 
flame speed indicates the great importance of the 
composition of the air-gas mixture in the case 
of atmospheric or Bunsen burners. The amount 
of air entrained is governed by many factors, 
including the gas pressure, specific gravity of 
gas, type of gas jet, size of air-shutter, resistances 
to flow encountered at the burner intake, in the 
burner body, and at burner outlet, and velocity 
to be imparted to the air-gas mixture in order 
to maintain stable flames at the burner outlet. 

Air-injection has been examined by Pfoten- 
hauer, J. S. G. Thomas and E. V. Evans, the 
American Bureau of Standards, and by Wood 
and Howarth (see Bibliography, Trans. Inst. Gas. 
Eng. 1937-38, 86 , Comm. 166 already quoted), 
but up to the present time only a few empirical 
and approximate relationships have been 
established. 

Thus, for a given burner and gas injector 
working at a given pressure the quantity of air 
injected per hour is approximately constant. 
Since the gas delivery is inversely proportional 
to the square root of its specific gravity, the air- 
gas ratio is approximately proportional to the 
square root of the specific gravity. Increasii^ 
the pressure produces a fairly rapid increase in 
air-gas ratio in the initial stages, but when a 
certain figure is exceeded (which may lie between 
1 in. and 3 in. water-gauge for low-pressure 
burners) the further increase in air-gas ratio is 
slight and it may even fall. On the other hand, 
deUvery of the same quantity of gas through a 
smaller gas jet at higher pressure will lead to 
higher degrees of primary aeration. 

The American Bureau of Standards assumes 
that there is a constant ratio between the 
momentum of the injecting gas stream and that 
of the air-gas mixture produced. Empirical 
measurements with one gas, together with the 
dimensions of the burner, allow a constant, B, 
to be determined which can be used for cal¬ 
culating the aeration of thQ burner under any 
other conditions. 
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The formula used is: 

1,658-6 xVH“d 

"" Q(r+d)(H-l) 

where B —momentum ratio constant. 

X = cross-section of burner pipe in sq. ins. 
H «:gas pressure, ins. water gauge. 
d =sp. gr. of gas (air=l). 

Q =ga8 rate in cu. ft. per hour, 
r —primary air-gas ratio. 

In normal British practice with low-pressure 
burners a primary air-gas ratio of 2 to 2*6 is used, 
or somewhat less than half the theoretical air- 
requirement of the gas. With slow-burning 
gases such as natural gas a lower outlet velocity 
is required and air-gas ratios of 4:1 and 5:1 are 
easily achieved. 

It should be observed that in most cases the 
air-gas ratio of a burner falls as the burner 
becomes hot, reductions of 25% being common. 

Types of Flames and Burners.—Thenon- 
aerated or luminous type of flame is now rarely 
used for the sake of the light it emits, but the 
original rat-tail and flat-flame burners still find 
extensive application. The gas is caused to 
expose a large area in both cases, and the whole 
of the air required for combustion is supplied 
by diffusion as secondary air. It must be em¬ 
phasised that luminous flames of the type men¬ 
tioned develop precisely the same amount of 
heat per unit of gas burned as do those of the 
Bunsen type. They eannot, however, be used 
where flame-contact is likely to occur owing to 
deposition of soot. On the other hand, they can 
be turned very low without extinction or back¬ 
fire and thus possess considerable advantages 
over the aerated type of flame where thermo¬ 
static control of heating is employed, as in auto¬ 
matic water-heaters. Quite recently the luminous 
flame has been re-adapted to use in gas fires. 

Diffusion flames have already been referred to 
and find application almost exclusively in 
furnace practice. 

In surface combustion appliances a mixture 
of gas and air in practically theoretical propor¬ 
tions is produced mechanically—^usuaUy with 
the aid of a small fan for the air-supply—and is 
forced through a porous refractory diaphragm. 
The surface of the refiractory material attains a 
bright red heat and such devices have found 
widespread uses. Combustion is substantially 
complete when the air is some 6% in excess of 
that theoretically necessary for combustion, but 
the rate at which the combustible mixture can 
be supplied is subject to certain limitations. If 
fed too quickly the mixture bums on the exit 
face of the refractory slab which remains cold; 
and if fed too slowly the slab gradually becomes 
red-hot throughout and ignites the explosive 
mixture on the inlet side. According to measure¬ 
ments by Wood and Howarth using surface 
combustion grillers and water-heaters, the per¬ 
missible rate of heat development was of the 
order of 36,000 B.Th.U. per sq. ft. of combustor 
surface per hour for a town gas of 470 B.Th.U. 
per cu. ft. Surface combustion has been claimed 
to accelerate combustion in certain types of 
furnace where the air-gas mixture does not pass 
through a diaphragm but is caused to impinge 


violently upon a rough bed of refractory 
material. 

The forms taken by the aerated or Bunsen 
type of burner are too numerous to mention, their 
shapes and sizes being dictated by the purpose 
for which they are intended. To deal with gases 
of different qualities they are usually provided 
with adjustable gas nipples and air-shutters, 
although if gas quality is standardised and 
governors provided these means of adjustment 
may be dispensed with. 

As has been pointed out already the ordinary 
aerated burner takes in only about half the air 
necessary for the combustion of the gas as 
primary air, and attempts are continually being 
made to increase the air-gas ratio with a view 
to securing more compact and hotter flames. 
The principal means adopted are to use better 
finished and accurately-centred injectors, 
carefully shaped air-intakes and Venturi tubes 
for the burners, and the insistence upon a better 
degree of finish for the internal passages of the 
burners so that resistances to the flow of the 
air-gas mixture shall be reduced to a minimum. 
The laboratory Meker burner is an example of 
an improved low-pressure burner in which these 
principles are applied, the air-gas mixture 
making its exit through a deep metal grid in 
the head of the burner and the individual flames 
coalescing to form a compact, solid and very hot 
flame. The air-gas ratio is Wgher than that in 
the ordinary Bunsen burner, reaching 60% of 
the theoretical air-requirement of the gas, 
according to Wood and Howarth. 

In order to secure a higher flame temperature 
resort is sometimes had to preheating the air- 
gas mixture on its way to the burner head. 
Examples of this will be found in street-lighting 
burners and many industrial burners. If it is 
necessary to reach higher temperatures than are 
realisable in low-pressure burners, higher air- 
gas ratios can be achieved by the use of specially 
designed high-pressure gas burners, in which 
either the gas pressure is increased to about 72 in. 
water gauge, or air is supplied under pressure. 
The theoretical air-gas mixture may also be 
produced entirely by mechanical pre-mixture 
as in the Selas system. 

The temperature reached in the flame may also 
be increased by the use of oxygen or air enriched 
with oxygen, the limiting case being the well- 
known oxy-acetylene cutting and welding burners, 
where the endothermic character of the acetylene 
augments the effect still further (v. Vol. I, 112). 

Aerated flames have also been used in sub¬ 
merged ** burners for water-heating purposes, 
the direct contact between the water and the 
flames giving higher thermal eflSciencies than 
when the heat has to be transmitted through the 
wall of a container as in normal practice. 

In considering modem developments in the 
application of flames attention should be called 
to the exactness and ease with which heat can 
be supplied and controlled, and the cleanliness 
and compactness of the equipment. There is 
also a tendency to render the burners self-actlx^ 

1the provision of automatic thermostatic 
I control and of such conveniences as clock- 
controlled, catalytic, or electrical ignition. 

H. J. H., E. C. W. S. and J. W. W. 
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«FlAMM/rOR£ (v. Vol, IV, 656a). 

FLASH LIGHTS.— A term usually applied 
to combustible mixtures which burn with a 
brilliant Hght and a flash of greater or less 
rapidity, and which are employed specially for 
photographic purposes. Slower-burning mix¬ 
tures, which also yield a bright light on com¬ 
bustion, such as are used for signalling purposes, 
are known as flares {see Bengal Lights or Indian 
Fire). 

For photographic purposes, it is essential that 
the flash light should be (1) sufficiently bril¬ 
liant, (2) of the desired rapidity, and (3) specially 
rich in actinic light. Of aU the known available 
materials which, on combustion, yield a bright 
and highly actinic light, the metal magnesium 
stands pre-eminent; and the earliest and 
simplest methods of employing this substance 
consisted in projecting a definite quantity of 
the finely powdered metal into the flame of a 
spirit lamp. 

Various contrivances have been devised for 
this purpose; one simple plan is to place the 
charge of magnesium powder in the bowl of a 
clay tobacco pipe to the mouthpiece of which 
is attached a rubber ball. A wick of cotton¬ 
wool or tow fastened round the outside of the 
bowl is wetted with methylated spirit; the 
spirit is ignited and on the ball being suddenly 
squeezed, the magnesium is thrown into the flame. 

The next development consists in mixing the 
powdered magnesium with some highly oxy¬ 
genated salt, such as potassium chlorate, in such 
proportion that the mixture, when placed in a 
small heap upon a metal tray, could be ignited 
by a match or taper, and woidd bum with much 
the same rapidity as a similar small heap of gun¬ 
powder. The proportion of equal parts by 
weight of potassium chlorate and magnesium 
has been found to give the best results. 

A device much used for firing flash lights 
consists of a shallow trough fitted with a 
wooden handle and having at one end a trigger 
and hammer by means of which an “ amorce ” 
similar to those used in toy pistols, can be 
exploded to ignite the composition. The 
danger inherent in such mixtures was found to 
bo greatly reduced by substituting barium 
chlorate for the potassium salt; and since 
potassium perchlorate has become a common 
commercial article, it is now usually employed 
in preference to the chlorates. 

Mixtures of magnesium with certain nitrates of 
the rare earths have been made the subject of 
patents. One such consists of: 

Magnesium powder ... 10 parts 

Thorium nitrate .... 10 „ 

and a rather less quick mixture contains: 
Magnesium powder ... 10 parts 

Zirconium nitrate ... 5 „ 

The addition of a small proportion of metallic 
cadmium has been suggest^ as giving increased 
actinic value, but it is questionable whether the 
improvement is justified by the expense. 

One of the chief drawbacks to magnesium 
flash powders is the volume of white smoke of 
magnesium oxide which is produced on their 
combustion, and many efforts have been made i 
to obviate this nuisance. Borne of these are 


purely mechanical contrivances for withdrawing 
the smoke, but others are attempts to produce 
mixtures which shall emit httle or no smoke. 
The two following mixtures claim to 3deld 
smokeless magnesium flash powders: 

(1) Powdered magnesium, barium peroxide, 
with collodion. The charge of powder is blown 
by means of a pneumatic pump into a small iron 
crucible heated by a Bunsen burner. 

(2) One part of magnesium powder mixed with 
1 part of either silica (“ infusorial earth ”), 
barium sulphate, anhydrous calcium sulphate, 
kieserite {magnesium sulphate, MgS04yH20) 
or boric acid. It is further claimed for this mix¬ 
ture that if loaded into a cylindrical case with a 
constricted opening a non-instantaneous or 
“ time ” flash may be obtained. 

The disadvantages of flashlight powders have 
been obviated by the introduction of the 
bulb which produces a noiseless 
flash without smoke. As the flash takes place 
in the bulb, any danger of fire is eliminated, and 
for that reason it may be employed in positions 
where the use of ordinary flash powder would not 
be permissible. 

The bulb is similar in appearance to an 
ordinary electric light bulb and is fiUed with 
oxygen at a low pressure. A low voltage fila¬ 
ment is surrounded by finely beaten aluminium 
foil. When the current passes the foil is ignited, 
producing a flash of 1/76 of a second in duration. 
The current from a pocket torch-battery is 
sufficient for this purpose. A further advantage 
is that the electric ignition renders it independent 
of surrounding conditions, and it may be used 
under water, in wind, rain or snow. 

Since the pyrotechnic possibilities of finely 
powdered aluminium have become known, the 
magnesium in most flash powders is usually 
partly, or even whoUy, replaced by aluminium; 


one such mixture consists of: 


Aluminium powder . 

40 parts 

Potassium perchlorate . 

60 „ 

It is usual, however, to retain some of the 

magnesium in order to ensure the necessary high 
actinic quality of the light emitted. Thus a 

typical mixture consists of: 


Powdered magnesium . 

100 parts 

Powdered aluminium 

60 „ 

Ferric oxide. 

30 „ 

Copper carbonate . 

30 „ 

Magnesium sulphate (dry) . 

5 „ 


The following mixtures are claimed to be non- 
explosive and almost smokeless :— 


(1) Powdered magnesium and aluminium 
(the quantity of aluminium usually varying 
from i to J the amount of magnesium), mixed 
with peroxides of calcium, magnesium or 
manganese. 

(2) Powdered magnesium and aluminium 
mixed with perboric acid or tungstic acid or 
their salts. 

(3) Powdered magnesium and aluminium, 
with sulphate of cerium or thorium, or an alum. 
For example; 

Powdered magnesium.8 parts 

Powdered aluminium.2 „ 

Finely powdered, dry chrome alum . 10 „ 
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Many mixtures containing aluminium as an 
ingredient are rendered more rapid in their 
combustion by the addition of silica, while their 
rate of combustion may be retarded by the 
introduction of regulated quantities of car¬ 
bonates of alkalis or alkaline earths or oxides of 
the latter. Thus the above mixture may be 
converted into a slow-burning “ time mixture 
by the addition of 2 parts of an alkaline-earth 
oxide or carbonate. 

Flash powders are now frequently loaded 
into small cases or cartridges; ignition of the 
mixture being effected sometimes by an electric 
arrangement and sometimes by means of an 
inserted strip of magnesium ribbon. In the 
former case, the two electric wires are fixed into 
the cartridge, with either a short spark-gap or 
joined by a fine incandescing wire. 

One of the many patented cartridges has a 
case which is itself inflammable. It consists of 
a short celluloid cylinder closed at the bottom 
with a cork saturated with collodion, and at the 
top with a disc of cork saturated with an 
emulsion of magnesium. Through this there is 
inserted a short strip of magnesium ribbon 
which, on ignition, starts the combustion of the 
charge. 

A number of contrivances have been devised 
for producing a rapid succession of flash lights 
for purposes of cinematograph photography. 
These consist essentially of mechanical devices 
for the intermittent feeding of metallic mag¬ 
nesium against the two metal terminals of an 
electric circuit. 

A. St. H. B. 

FLAVANiLINE, 2 -p - aminophenyl - 4- 
methylquinoline 



is formed by the action of zinc chloride on 
acetanilide at 250-270° (Fisher and Rudolph, 
Ber. 1882,16, 1600; G.P. 19766); by the action 
of acetic anhydride on aniline salts at 180-200° 
(G.P. 27948); by heating aoetophenoneoxime at 
60° with P2OK (Goldschmidt, Chem.-Ztg. 1903, 
27 , 279); and by usual methods from quinoline 
derivatives. Flavaniline has m.p. 97°, is sparingly 
soluble in water but dissolves readily in acids to 


give yeUow-green 

FLAVANONI 


solutions. 


VONE, I, is produced when 2-hydroxychal- 
kone is digested at the boiling temperature 
with alcoholic mineral acid (v. Kostanecki and 
Szabrafiski, Ber. 1904, 87 , 2634), and this is the 
method generally adopted for the synthesis of 
flavanone derivatives. Flavanone is also readily 
obtained in 80% yield (Lowenbein, ibid, 1924, 
67 , [B], 1616) by adding excess of aqueous 
so^um hydroxide (l'-2%) to a warm alcoholic 
solution of o-hydroxychalkone. 

On hydrolysis, the flavanones yield chalkones, 
a reversal of the reaction given above. The 
reaction in these cases is not unidirectional, and 
the conversion of flavanone into ohalkone, or 
chalkone into flavanone, is never complete. 


Though as a rule a chalkone only is obtained 
by the interaction of a hydroxyacetophenone and 
a benzaldehyde derivative, in certain instances 
the corresponding flavanone is directly produced. 
Thus, condensation of gallacetophenone di¬ 
methyl ether with benzaldehyde in presence of 
sodium hydroxide yields 7:8-dimethoxyflava- 
none (Woker, von Kostanecki, and Tambor, 
Ber. 1903, 36, 4236). 




I. 

According to Shinoda and Sato (J. Pharm. 
Soc. Japan, 1928, 4«8, No. 668, 109) who em¬ 
ployed the method of Behn (Chem. Zentr. 
1898, I, 1223), condensation of derivatives of 
cinnamoyl chloride with resorcinol in nitro¬ 
benzene solution in presence of aluminium 
chloride gives chalkones, whereas with phloro- 
glucinol the main products are flavanone 
derivatives. For example, cinnamoyl chloride 
and resorcinol yield in this manner 2':4'-di- 
hydroxychalkone, whereas with phloroglucinol, 
5:7-dihydroxyflavanone and 2':4':6'-trihydroxy- 
chalkone are obtained. 

Flavanone crystallises in small colourless 
needles, m.p. 76-76°, and is reduced by alumi¬ 
nium amalgam in neutral alcoholic solution to 
fiavanol (4-hydroxyflavane), m.p. 119° (corr.) 
(Freudenberg and Orthner, Ber. 1922, 66, [B], 
1748). The pinacom: 

CHPh—CHj CHj-CHPh. 

—C(OH)-C(OH)~CeH4/ 

is formed as a by-product. The reduction of 
flavanone with titanous chloride (Karrer, Yen 
and Keichstein, Helv. Chim. Acta, 1930, 18, 
1308) is said to yield the isomeric flavanols 
melting at 148-149° (corr.) and 120-120*6° 
(corr.), respectively, the latter evidently being 
the flavanol obtained by Freudenberg and 
Orthner (Z.c.). A small amount of the corre¬ 
sponding pinacone is also obtained during this 
reaction. 

Flavanones, flavones and flavonols can be 
distinguished by their behaviour on reduction 
(Asahlna and Inubuse, Ber. 1928, 61 , [B], 1646). 
Thus, the hydroxyflavonols give red dyes only 
with magnesium and hydrochloric acid, the 
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hydroxyflavones only with sodium amalgam, 
whereas the hydroxyflavanones react with both 
acid and alkaline reducing agents. Flavanone 
derivatives are reduced by sodium amalgam to 
the corresponding anthocyanidins; thus, crio- 
dictyol (6;7:3':4'-tetrahydroxyflavanone) yields 
luteolinidin when treated in this manner 
(Asahina, Nakagome and Inubuse, ibid. 1929, 
62. [B], 3016). 

The existence of optically active flavanones 
has been observed by Fujise and Kubota (Ber. 
1934, 67, [B], 1905) and Fujise and Nagasaki 
{ibid. 1936, 69, [B], 1893). Matteucinol and 
demethoxymaUeucinoly isolated from Maiteucia 
orienialisy are the only known optically active 
natural flavanones; these substances are com¬ 
pletely racemised on short heating and yield 
compounds identical with synthetic 6:7-di- 
hydroxy-6:8-dimethyl-4'-methoxyflavanone and 
5:7-dihydroxy-6:8-dimethylflavanone, respec¬ 
tively. It is probable that many natural 
flavanones, hitherto obtained only in the dl- 
form, exist in the plant in optically active form 
and arc racemised in the process of their 
isolation. 

Ryan and Cruess-Callaghan (Proc. Roy. 
Irish Acad. 1929,39B, 124) prepared 3-arylidene- 
flavanonos by condensing flavanone and its 
derivatives with aromatic aldehydes in the 
presence of hydrogen chloride. 

Flavanones are converted into flavones and 
flavonols by methods described under Flavone 
and Flavonol. 

A. G. P. and E. J. C. 

FLAVANTHRENE {v. Vol. I, 399c). I 

FLAVANTHRONE, Indanthrene Yellow Gy 



is the yellow compound obtained by heating 
2-aminoanthraquinone with aluminium chloride 
or other catalysts of similar type, such as 
antimony haUdes, together with iodine (c/.U.S.P. 
2062450). Flavanthrone has also been prepared 
by the action of ammonia at 230® on 2:2'-di- 
bromo -1:1'- dianthraquinonyl (Schwenk and 
Waldmann, J. pr. Chem. 1931, ii, 180, 79; c/. 
B.P. 336983) and by the action of sodium 
aluminium cWoride at 235® on 2:2'-diphthalimi- 
dodiphenyl (Krepelka and Stefec, Coll. Czech. 
Chem. Comm. 1937, 9, 29). It is the parent of 
the important series of flavanthrone vat dye¬ 
stuffs (v. Anthraquinone Dybstubts, Vol. I, 
412d). 

FLAVASPIDIC ACID {v. Fnjx Mas, this 
Vol. p. 181c). 

FLAVELLAGIC ACID, Ci4He08, is oh- 

tained by oxidising a solution of gallic acid in 
dilute sulphuric acid with potassium persulphate 
at 60® (Perkin, J.C.S. 1906, 89, 261), or by 
electrolyse oxidation of gaUic acid in presence 


of sulphuric acid (A. G. Perkin and F. M. 
Perkin, ibid. 1908, 98, 1194), or by heating gallic 
acid at 110-120° with arsenic and sulphuric 
acids (Bleuler and Perkin, ibid. 1916, 109, 529). 

Flavellagic acid crystallises from pyridine in 
small yellow prismatic needles which contain 
pyridine and do not melt below 360°. It dis¬ 
solves in dilute alkalis with a yellowish-green 
coloration, and with nitric acid containing 
nitrous acid and subsequent dilution, it gives 
the blood-red coloration which is also produced 
by ellagic acid. 

When distilled with zinc dust, flavellagic acid 
yields fluorene, whereas with boiling 60% 
potassium hydroxide solution hexahydroxydi- 
phenylmethyiolid: 



HO OH 


is produced. Flavellagic acid is, therefore, 
hydroxyellagic acid (3:4:5:6:4':5':6'-hepta- 
hydroxydiphenyl-2:2'-dicarboxylic acid 2:6':2':6- 
dilactone): 



\co-~o-^ 


OH 

TA 

4)0 H 
OH 


(c/. Herzig and Tscheme, Monatsh, 1908, 29, 
281). 

The following derivatives of flavellagic acid 
have been prepared: Penta-acetyly colourless 
needles, m.p. 317-319°; pentabenzoyly prismatic 
needles, m.p. 287-289° (Perkin, l.c .); and the 
pentamethyl ethery m.p. 246° (von Bronneck, 
Monatsh. 1908, 29, 289). Oxidation of gallic acid 
3:4-dimethyl ether, or gallic acid trimethyl 
ether, by means of potassium persulphate and 
sulphuric acid at 46° (Herzig and Schmidinger, 
ibid. 1910, 31, 819), gives flavellagic acid 
^:5A':5'-tetram>ethyl ethery yellow needles, m.p. 
270-271°, the ^-acetyl derivative of which melts 
at 237-238°. 

Flavellagic acid dyes mordanted wooUen 
cloth shades somewhat resembling, but stronger 
than, those produced by ellagic acid : 

Chromium. Aluminium. Tin. Iron. 

Yellowish- Pale Pale Dark 

olive greenish- yellow. olive- 
yellow. brown. 

A. G. P. and E. J. C- 
FLAVENOL, 2 • p - hydroxyphenyl - 4 - 
methylquinoliney m.p. 238°, obtained from flav- 
aniline by the diazo-reaction. 

FLAVEOSIN {V. Vol. I, 133c). 

“ FLAVIAN 1C ACID.’* Name used by 
Kossel and Gross (Z. physiol. Chem. 1924, 185, 
168) for Naphthol Yellow S (l-naphthol-2:4- 
dinitro-7-sulphonic acid) {v. Vol. Ill, 417d). 

FLAVIN. An important commercial pre¬ 
paration of quercitron-bark; yeUow flavin con¬ 
sists essentially of quercitrin, while red flavin 
contains only quercitin. 
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FLAVINDULINE, 



the chloride is formed by heating phentra- 
quinone with o-aminodiphenylamine hydro¬ 
chloride (G.P. 79570). According to Hantzsch 
(Ber. 1900, 88, 291) the pseudo base must be 
formulated with hy^oxyl on carbon atom 3 as 
condensation with compounds containing reactive 
methylene groups gives products of the type 



Flavinduline salts themselves dye mordanted 
cotton yellow. 

FLAVINDULINE O (r. Vol. I, 5706, 
5726). 

FLAVINE (v. Vol. I, 1346). 

FLAVOGALLOLy is obtained 

by heating a solution of gallic acid in 80% sul¬ 
phuric acid with arsenic acid at 120® for 6 hours 
(Bleuler and Perkin, J.C.S. 1916, 109, 531). It 
forms hair-like yeUow needles which carbonise 
without melting and are sparingly soluble in the 
usual solvents but soluble in sodium hydroxide 
solution with an orange-yellow colour. 

By the action of sulphuric acid it yields the an- 
hydrosvlphate, orange-yellow 

prisms; the tnpotassium salt, CjiHgOyaK,, 
prepaid with alcoholic potassium acetate, forms 
an orange-coloured crystalline powder. With 
boiling aniline, flavogallol yields the anilide^ 
CjiHyOii-NH'CgHfi, yellow needles, m.p. 


above 345°. HexabenzoylflavogaUcl forms yellow 
prisms, m.p. 326-328°, and hexa-acetylflavogaUols 
small prismatic needles, melting at 278-280° 
(decomp.). 

When hexa-acetylflavogallol is hydrolysed by 
means of acid in presence of ethyl or methyl 
alcohol, ethyl flavogaUonatei Ca3Hi40ig, pale 
yellow ne^es, or methyl flavogcMonate, 
^22^i2^i8» respectively, is produced. By 
gentle treatment with 30% potassium hydroxide 
solution, flavogallol yields flavogallonic dcid^ 
^21^10^18» needles, m.p. above 300°, and this, 
when acetylated, is converted into acetyl- 
flavogaUol. 

The more energetic action of potassium 
hydroxide solution gives flavogaHone^ C2o^ioOii» 
minute needles, which with acetic anhydride 
forms the acetyl compound, C34H240ig, leaflets, 
m.p. 257-259°. 

When flavogallol is methylated with alkali 
and methyl sulphate and the product is digested 
with 5% potassium hydroxide solution, two 
apparently isomeric acids, C,iH, 0 .(OMe), 

0* 

(a) colourless prisms, m.p. 20^208°, and (6), 
m.p. 238-240°, are obtained, and these both appear 
to be produced by the addition of 3 mol. of water 
to flavogallol and subsequent methylation of 
10 hydroxyl groups. These acids give dimethyl 
esters of the formula: 

C29H320jj(C00Me)3 

(a) melting at 128-130°, and (6) at 86-87°. The 
acid, m.p. 206-208°, loses one methoxyl group 
by digestion with alcoholic potash at 175° 
forming the acid C28H8oOii(COOH)2, gbsten- 
ing leaflets, m.p. 183-184°. 

These reactions suggest the presence in 
flavogallol of an ellagic acid nucleus, and 
Bleuler and Perkin (f.c.) tentatively suggest the 
formula; 

OH OH 

Hol I- 

-- CO^ 

for this colouring matter. If this should prove 
correct, flavogallonic acid, flavogallone and the 
dicarboxylic acid, m.p. 206-208°, will possess 
structures (I), (II) and (III) respectively. 


HO 

HO 



OH 


OH 

iOH 


HO 

HO 



II. 


HO 

^Noh 

JoH 
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Flavogallol yields the following shades on 
mordanted woollen cloth: 


Chromium. Aluminium. 
Old Pale 

gold. brownish- 

yellow. 


Tin. Iron. 

Pale Brownish- 
greenish- grey, 
yellow. 


A. G. P. and E. J. C. 
FLAVOGALLONE v. Flavooallol. 
FLAVOGALLONIC ACID V . Flavogal¬ 
lol. 

FLAVOGLAUCIN V . Fermentation, 
Mould (this Vol., p. 54r). 

FLAVOLINE, 


.H. 



4-methyl-2-phenylquinoline (2-phenyllepidine), 
plates, m.p. 64-65°, b.p. 373-376°, is obtained by 
condensing acetophenone with o-aminoaceto- 
phenone in presence of alkali (Fischer, Ber. 
1886, 19, 1037). 

FLAVONE, 2-phenylchromone: 



is the mother substance of a large and important 
group of colouring matters which are found 
widespread in nature. 

Flavone and hydroxyflavones have been 
synthesised by the following methods; 

(1) By brominating o-acetoxybenzylidene- 
acetophenones (o-acetoxychalkones) and treat¬ 
ing the resulting o-acetoxyphenyl styryl ketone 
dibromides with alcoholic pot6i8h (Emilewicz and 
von Kostanecki, Ber. 1898, 81, 696): 




(2) Condensation of ethyl o-ethoxybenzoate 
with acetophenone, or o-ethyoxyacetophenone 
with ethyl benzoate, in presence of sodium 
yields o-ethoxybenzoylacetophenone; this com¬ 
pound, when digested with boiling hydriodic 
acid, gives flavone (von Kostanecki and Tambor, 
ibid. 1900, 33, 330): 



iOH HOCPh 



-► I. 


(3) o-Hydroxyacetophenone derivatives can 
be condensed with aromatic aldehydes with 
production of flavanones (dihydroflavones). 
These, with bromine, yield bromoflavanones 
which are converted into flavones with elimina¬ 
tion of hydrobromic acid by treatment with 
alkalis (von Kostanecki, Levi and Tambor, 
ibid. 1899, 32, 326), e.g .: 

\0H 

-f OCHPh 

EtO COCHo 



CHPh 


EtOi 



CO 

d-ethoxyflavanone. 



According to Auwers and Anschutz (ibid. 
1921, 54 [B], 1643), an o-hydroxyphenyl styryl 
ketone dibromide may be converted into a 
flavone or a coumaranone by a suitable variation 
of the experimental conditions. For example, 
when cold aqueous sodium hydroxide is added 
to a suspension of 2-hydroxy- (or acetoxy-) 
phenyl 4-methoxy8t3rryl ketone dibromide in 
alcohol, 4'-methoxyflavone is produced, whereas 
addition of alkali to the boiung solution gives 
4'-methoxybenzylidenecoumaranone: 


I 
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(4) Behydrogenation of fiavanone with phos* 
phorus pentachloride gives flavone (LSwenbein, 
ibid, 1924, 67 [B], 1616). This reaction has 
been applied by Hattori (Bull. Chem. Soc. 
Japan, 1927, 2, 171) to the synthesis of sub¬ 
stituted flavones. 

(6) For the S3mthe8i8 of flavones, Ruhemann 
(Ber. 1913, 46, 2188) employed the esters of 
^-hydroxyarylcinnamic acids prepared by the 
interaction of esters of phenylpropiolic acid 
with sodium phenolates : 

CcHfiCiCCOOR+NaOCeH^ 

= CeH5C(OCeHfi);CNaCOOR 

These esters are readily transformed into the 
free acids, the chlorides of which yield the cor¬ 
responding flavones when heated with aluminium 
chloride. Thus, flavone is produced in this 
manner from /3-phenoxycinnamic acid : 



Chloroflavones have been prepared in a 
similar manner (Ruhemann, ibid. 1921, 54 [B], 
912). 

(6) von Pechmann and Duisberg {ibid, 1883, 
16, 2119) found that condensation of phenols 
with )9-ketonic esters in presence of sulphuric acid 
yielded a-pyrone (coumarin) derivatives, e.g, 
the preparation of methylcoumarin from phenol 
and acetoacetic ester; 

OH EtOCO 

HOC*Me 

On the other hand, Simonis and co-workers 
{ibid. 1913, 46, 2014; 1914, 47, 692, 2229) 
obtained y-pyrone (chromone) derivatives by 
employing phosphorus pentoxide as condensing 
agent. Thus, condensation of phenol and 
benzoylacetic ester in this way yields flavone : 



The Simonis reaction has been examined by 
Robertson and co-workers (J.C.S. 1931, 1265, 
1877, 2426; 1932, 1180, 1681; Nature, 1931, 


128, 908) and Chakravarti (J. Indian Chem. 
Soc. 1931, 8, 129, 407, 619 ; 1932, 9, 25, 31, 389) 
who show that the reaction is not of general 
application. Chakra varti observes that only 
those phenols which react with difficulty or do 
not react at all with /5-ketonic esters in presence 
of sulphuric acid to form coumarins, yield 
chromones in presence of phosphorus pentoxide. 

Jacobson and Ghosh (J.C.S. 1915, 107, 424, 
959, 1051) and Ghosh {ibid. 1916, 109, 106) 
claimed to have prepared bonzo-y-pyrones by 
condensing phenols with )S-kotonic esters or 
nitriles in presence of condensing agents such as 
zinc chloride, sulphuric acid, or hydrogen 
chloride. These condensations, however, were 
shown by Baker and Robinson {ibid. 1925, 127, 
1981) and Baker {ibid. 2349) to lead to a-pyrone 
derivatives. 

Again, the substance obtained by Meyer (J. pr. 
Chem. 1903, [ii], 67, 342) by condensing benzo- 
acetodinitrile with resorcinol in presence of 
hydrogen chloride, and considered by him to be 
7-hydroxy flavone, was subsequently proved by 
Sonn (Ber. 1918, 51, 821) to be the isomeric 
7-hydroxy-4-phenylcoumarin. 

(7) Simonis and Danischewski {ibid, 1926, 59 
[B], 2914) synthesised chalkones, flavanones 
and flavones by an application of the Friedel- 
Crafts reaction. Thus, quinol dimethyl ether, 
phenylpropiolyl chloride and aluminium chloride 
in molecular proportions give 2:6-dimethoxy- 
phenyl jS-phenylethinyl ketone. This is con¬ 
verted by a further molecule of aluminium 
chloride into 2-hydroxy-6’methoxyphenyl /5- 
chlorostyryl ketone, transformed by sodium 
hydroxide into 6-mothoxyflavone: 



(8) Flavone and flavonol derivatives have 
been synthesised by Robinson and collaborators 
(J.C.S. 1924, 125, 2192 et aeq.) by aroylation 
of substituted o-hydroxyacetopflenones. Thus, 
a mixture of resaoetophenone, l^nzoic anhydride 
and sodium benzoate, when heated at 180-185^, 
gives a product from which 7-hydroxyflavone is 
obtained by hydrolysis. It is suggested by 
Baker {ibid. 1933, 1384) that the reaction pro¬ 
ceeds through the following stages: (a) esterifi¬ 
cation of the phenolic hydroxyl group, (6) closure 
to a 2-hydroxyflavanone (I), and (c) loss of a 
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molecule of water with produ<!tion of the 
flavone: 



(9) Baker (l.c,) has shown that o-aroyloxy- 
acetophenones, when heated with benzene or 
toluene and potassium carbonate, undergo intra¬ 
molecular rearrangement yielding o-hydroxy- 
dibenzoylmethanes. These are converted into 
flavones by ring closure which probably proceeds 
through a 2-hydroxyflavanone (I) as shown 
above; it is also possible that (I) may be an 
intermediate during the migration of the benzoyl 
group. o-Benzoyloxyacetophenone by this 
method gives o-hydroxydibenzoylmethane, from 
which flavone is obtained by treatment with con¬ 
centrated sulphuric acid; 



Migration of the benzoyl group also takes place 
in the presence of sodamide (Mahal and Venka- 
taraman, J.C.S. 1934, 1767). 

(10) o-Hydroxychalkones are converted into 
flavones by oxidation with selenium dioxide 
(Mahal, Rai and Venkataraman, ibid, 1935, 
866 ). 

Flavone crystallises from Hgroin in colourless 
needles, m.p. 97°, and is readily soluble in the 
usual organic solvents. Its solution in sulphuric 
acid is yellow and possesses a weak blue fluores¬ 
cence. The oxime melts at 237° (Gulati and 
Ray, Current Sci. 1936, 5, 76). 

Natural flavone occurs as thd characteristic 
dust, termed by gardeners “ meal ” or “ farina,’* 
which is present on the flower stalks, leaves 
and seed capsules of varieties of the primula, 
and is most pronounced on varieties obtained 
from China and Japan (Miiller, J.C.S., 1916, 
107, 872). 


VoL. V.—17 


Flavone and hydroxyflavones are hydrolysed 
by the action of alkalis; the first product of the 
reaction, owing to the disruption of the pyrone 
ring, is the jS-diketone (II) which then suffers 
further hydrolysis according to the scheme : 




PhCOOH 


The products of the hydrolysis of naturally 
occurring flavone colouring matters have been 
mainly instrumental in determining their con¬ 
stitutions. 

The absorption spectra of flavone and flavonol 
colouring matters have been studied by several 
workers. Shibata and Kimotsuki (Acta Phyto- 
chim. 1923,1, 91) observe that flavone colouring 
matters show two characteristic absorption 
curves in the ultra-violet, and since the position 
of these bands is affected by the number and 
orientation of the hydroxyl groups, the ultra¬ 
violet absorption spectra can be employed for 
identifying the different members of this series. 
Tasaki {ibid. 1925,2,119) shows that the replace¬ 
ment of the hydroxyl groups of flavones by 
methoxyl produces no marked alteration in the 
absorption spectra. Hattori {ibid. 1928, 4, 41, 
63; 1932, 6, 131) also concludes that methoxyl 
and ethoxyl groups are optically equivalent to 
the hydroxyl group, whereas the auxochromic 
influence of the latter is destroyed by acetyla¬ 
tion. With flavonols, methylation of the 
hydroxyl group produces a marked alteration 
in the absorption spectra (Tasaki, l.c.), and it is 
suggested that the bathochromic effect pro¬ 
duced by the introduction of the^yrone hydroxyl 
is due possibly to tautomerism, an a-diketono or 
Of<ko-quinonoid form being produced. Stabili¬ 
sation of this hydroxyl group by methylation 
reverses the effect. 

Tasaki {ibid. 1926, 2, 129) has employed the 
absorption spectra as a means of determining the 
probable position of the sugar nucleus in 
flavone and flavonol glycosides. Hattori (l.c.), 
again, shows that the glycosidoxyl group is 
spectrographically equivalent to the hydroxyl 
group, whereas an acetoxyl group completely 
extinguishes the effect of the hydroxyl. The 
position of the glycosidio linking in compounds 
of this tjrpe may thus be determined by acety- 
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lating the glycoside and comparing the absorp¬ 
tion curve of the product with those of the 
acetyl derivatives of the isomeric hydroxy- 
flavones. 

The position of the sugar group in flavone 
and flavonol glycosides may determined by 
hydrolysing the completelv methylated gly¬ 
coside; the point of attachment of the sugar 
nucleus is indicated by the position of free 
hydroxyl group in the product. Thus, methyla- 
tion of myrieitrin and hydrolysis of the product 
yields myricetin 6:7:3':4';5'-pentamethyl ether, 
indicating that the rhamnose residue in the 
glycoside is in the 3-position. 

According to Asahina and Inubuse (Ber. 1928, 

61 [B], 1646), flavones, fiavanoncs and flavonols 
can be distinguished by their behaviour on 
reduction. Thus, the hydroxyflavonols give 
red dyes only with magnesium and hydrochloric | 
acid, the hydroxyflavones only with sodium 
amalgam, whereas the hydroxyflavanones react 
with both acid and alkaline reducing agents. 
Shinoda (J. Pharm. Soc. Japan, 1928, 46, 35) 
describes the colour reactions of flavone, 
flavanone and flavonol derivatives on reduction 
with magnesium and hydrochloric acid in 
alcoholic solution. Reduction of flavone and 
flavanone derivatives with sodium amalgam 
gives the corresponding anthocyanidins, e.g. 
acacetin (5:7-dihydroxy-4'-methox3rflavone) is 
converted into acacetinidin in this manner 
(Asahina, Nakagome and Inubuse, Ber. 1929, 

62 [B], 3016). 

By reducing flavone with titanous chloride at 
the ordinary temperature, Karrer, Yen and 
Reic^tein (Helv. Chim. Acta, 1930, 18, 1308) 
obtained a small amount of the pinac<me t 

.CPh=CH HC==CPh\ 

o< I 1 yo 

C(OH)-C(OH)—C4H4 

Bogert and Marcus (J. Amer. Chem. Soc. 
1919, 41, 83) prepared 2'-, 3'- and 4'-amino- 
fiavones by nitrating flavone and reducing the 
mixed mononitro flavones. 

Diflavone. 

This substance was prepared by Ryan and 
O’Neill (Proc. Roy. Irish Acad. 1915, 82, B, 
48, 167) by interaction of benzaldehyde and di¬ 
ace toresorcinol. The resulting dichalkone (III, 
R = H) yields the tetrabromide on bromination. 



IV. 


and this is converted into dijUivom (IV) by 
treatment with alcoholic potassium hydroxide. 

The tetrabromide of 4:6-dibenzylidenediaceto- 
resorcinol dimethyl ether (III, R««Me), when 
boiled with methyl-alcoholic sodium methoxide 


followed by boiling hydrochloric acid, yields di- 
benzoylacetoresorcinol dimethyl ether (V) from 



which diflavone is obtained by the action of 
hydriodic acid (Algar and Han way, ibid, 1934, 
42, B, 9). Hydroxydiflavones are synthesised 
in a similar manner. 

Employing the Allen-Robinson method, Wittig 
(Ber. 1926, 59 [B], 116) prepared 3:3'-dimethyl- 
diflavone by benzoylation of 4:6-dipropionyl- 
resorcinol and treatment of the product with 
boiUng dilute sodium hydroxide solution. Bi- 
flavones have been 83 nithe 8 i 8 ed in a similar 
manner by Gulati and Venkataraman (J.C.S. 
1931, 2376) and Algar, McCarthy and Dick 
(Proc. Roy. Irish Acad. 1933, 41, B, 155). 

Diflavone, pale yellow needles, m.p. 289-281°, 
resembles flavone in its general properties, and 
dissolves in concentrated sulphuric acid forming 
a yellow solution which exhibits a brilliant blue 
fluorescence. Natural colouring matters of this 
group are at present unknown. 

A. G. P. and E. J. C. 

isoFLAVONE. Whilst derivatives of 
flavone (2-phenylchromone) are found wide¬ 
spread in nature, few derivatives of i«oflavone 
(3-phenylchromone): 




\6 

CO 




0 ' 5 ' 


have, as yet, been isolated from natural sources. 
Although Finnemore (Pharm. J. 1910 [iv], 81, 
604) had suggested an isoflavone structure for 
prunetol, obtained from a variety of Prunus 
bark, it was not until Baker and Robinson 
(J.C.S. 1926, 2713) synthesised methylgenistein 
(methylprunetol dimethyl ether) that conclusive 
proof was afforded that itfoflavone derivatives 
occur in nature. 

iaoFlavone derivatives have been synthesised 
by Baker and Robinson {l.c.; J.C.S. 1925, 127, 
1981 ; 1928, 3115 ; 1929,152) by the interaction, 
at 170-180°, of derivatives of 2-hydroxyphenyl 
benzyl ketone with a mixture of the anhydride 
and sodium salt of an appropriate carboxylic 
acid, subsequently hydrolysing the product. 
For example, 2;4:6-trihydroxyphenyl benzyl 
ketone (I), acetic anhydride, and sodium 
acetate yield ultimately 6;7-dihydroxy-2-methyl- 



HO, 


°\CCH, 



II. 
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i^fiavone (II). The production of t^flavones 
unsubstituted in the 2*p08ition ifi effected by 
employing cinnamic anhydride and eodium 
cinnamate in this reaction, or by condensing 
a 2-methylwoflavone with benzaldehyde (Baker, 
Robinson and Simpson, ibid. 1933, 274). The 
2-styrylwoflavone derivatives thus obtained 
are converted by oxidation into i«oflavone-2- 
carboxylic acids which are decarboxylated on 
heating with formation of woflavones. 

A method applicable to the synthesis of 
derivatives of 7-hydroxywoflavone is described 
by Baker, Pollard and Robinson {ibid. 1929, 
1468). tt)-w-Methoxyphenoxyacetophenone (re¬ 
sorcinol methyl phenacyl ether) (III) readily 
yields the cyanhydrin (IV), and this, when 
treated with zinc chloride and hydrogen chloride 
in ethereal solution, undergoes cyclisation to the 



III. 






CN OH 

IV. 




ketimine hydrochloride which on hydrolysis 
yields 3-hydroxy-7-methoxyi«>flavanone (V), 
and this forms 7-methoxytwflavone (VI) when 
dehydrated with cold concentrated sulphuric 
acid. This method, however, fails in certain 
cases either because the cyanohydrin cannot be 
obtained or because the ring closure in the second 
stage cannot be effected (Baker, Morgans and 
Robinson, ibid, 1933, 374). 

Spath and Lederer (Ber. 1930, 68 [B], 743) 
prepare iaoflavone derivatives by heating o- 
hydroxyphenyl benzyl ketones with ethyl 
formate and sodium at 100® in sealed tubes. 
The products, wken treated with alcohol and 
fuming hydrochloric acid and sublimed in a 
high vacuum, yield iaoflavones in small amount. 
Thus, 2:4-dihydroxyphenyl 3:4-inethylenedi- 


oxy benzyl ketone (^-baptigenitin) gives 7- 
hydroxy - 3':4' - methylen^oxywoflavone (^• 
baptigenin) when treated in this manner: 



According to Venkataraman and co-workers 
(J.C.S. 1934, 613, 1120, 1769), however, excellent 
yields may be obtained by the action of sodium 
on solutions of o-hydroxyphenyl benzyl ketones 
in ethyl formate at a low temperature. 

The following derivatives of wo6avone have 
been isolated from natural sources : 

Daidzein^ 7:4'-dihydroxy».?oflavone, present as 
daidzin (daidzein 7-gluco8ide) in the Soya bean 
{Soja hispida) (Walz, Annalen, 1931, 489, 118; 
Wessely, Komfcld and Lechner, Ber. 1933, 66 
[B], 686; Baker, Robinson and Simpson, l.c.; 
Mahal, Rai and Venkataraman, J.C.S. 1934, 
1769). 

Formononetin^ 7 - hydroxy - 4' - methoxyiso- 
6avone, from the glucoside ononin (probably 
daidzin methyl ether) found in the root of the 
spring rest-harrow, Ononis spinosa L. (Wessely 
and Lechner, Monatsh. 1931, 67, 395; Wessely, 
Komfeld and Lechner, l.c, ; Wessely, Lechner 
and Dinjaski, Monatsh. 1933, 68 , 201; Mahal, 
Rai and Venkataraman, l.c,; see also Baker, 
Robinson and Simpson, l,c.). 

Genistein {prunetol), 5:7:4' - trihydroxytso- 
flavone, which occurs with luteolin in Dyer’s 
Broom {q,v.), and as genistin (genistein 7- 
glucoside) in Soja hispida (Walz, l,c.) ; prunetin 
(genistein 7- or 4'-methyl ether) obtained from 
the glucoside prunitrin present in Prunus bark 
(Finnemore, l.c,; Baker and Robinson, l,c.), 

i/f-Baptigenin, 7-hydroxy-3':4'-methylenedioxy- 
tsoflavone, from \ft~baptisin, a 7-rhamnoglycoside, 
isolated from the root of Baptisia tinctoria 
(Gorter, Arch. Pharm. 1897, 285, 494; Spath and 
Schmidt, Monatsh. 1929, 53, 454; SpMh and 
Lederer, l.c.; Mahal, Rai and Venkataraman, 
l.c.; Baker, Robinson and Simpson, J.C.S. 
1937, 805). 

Tectorigenin, probably 5:7:4'-trihydroxy-6- 
methoxyisoflavone, present as the glycoside 
tectoridin in the rhizome of Iris tectorum 
Maxim (Shibata, J. Pharm. Soc. Japan, 1927, 
No. 643, 61; Asahina, Shibata and Ogawa, ibid. 
1928, 48, 160). 

Irigenin, 5:7:3'-trihydroxy-6:4':6'-trimethoxy- 
tsoflavone, from iridin (irigenin 7-glycoside) 
obtained from “ Florentine Orris Root *’ (Iris 
germanica. Iris pallida and Iris florentina) 
(Baker, J.C.S. 1928, 1022; Baker and Robinson, 
ibid, 1929, 152; Shinoda and Sato, J. Pharm. 
Soc. Japan, 1932, 52, 139). 

A. G. P. and E. J. C. 
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FLAVONOL. Derivatives of flavonol, 3 
hydroxyflavone: 


5y 


CO 


I 


OH 


form an important subdivision of the large group 
of yellow colours derived from flavone. 

For the synthesis of flavonol and its derivatives 
the following general methods have been 
employed: 

Treatment of flavanones with amyl nitrite 
and hydrochloric acid in alcoholic solution 
yields isonitrosoflavanoncs, and these are con¬ 
verted into flavonols with elimination of 
hydroxylamine by boiling with dilute acids 
(von Kostanecki and Szabrahski, Ber. 1904, 37, 
2819): 




^CH 


/CH, 



CO 



(galangin monomethyl ether) (II) is obtained by 
hydrolysis. 

L JcOCHa(OMe) 


HO, 



By treating o-hydroxyphenyl styryl ketones 
dissolved in hot alcoholic potassium hydroxide 
with hydrogen peroxide, Algar and Flynn 
(Proc. Koy. Irish Acad. 1934, 42B, 1) obtained 
flavonols in good yields. Thus, o-hydroxy- 
phenyl 4-methoxyBtyryl ketone (III) yields 4'- 
methoxyflavonol (IV) when treated in this 
manner. These authors suggest that the first 


OMe 




According to Auwers and Muller {ibid. 1908, 
41, 4233), flavonols are produced by heating 
the di bromides of benzyhdenecoumaranones 
with alcoholic potassium hydroxide. The re¬ 
action probably proceeds according to the 
scheme: 



Robinson and his co-workers (J.C.S. 1924, 125, 
2192; et aeq.) have synthesised flavonols by 
aroylation of substituted cu-methoxy- (or 
a>-benzoyloxy-) o-hydroxyacetophenones. For 
example, a mixture of w-methoxyphloraoeto- 
phenone (I), sodium benzoate and benzoic 
anhydride, when heated to 180°, yields a product 
from which 5:7-dihydroxy-3-methox3^avone i 



stage of the oxidation is possibly the formation 
of a transitory ethylene peroxide : 

OK O-O _ 

Leo— j:H—(!; h—^ 

which would probably yield the flavonol by ring 
closure. The reaction might also be explained 
by assuming the formation of a glycol as inter¬ 
mediate product. On the other hand, Oyamada 
(J. Chem. Soc. Japan, 1934, 66, 1266), who 
prepared flavonols in a similar manner, considers 
that the o-hydroxychalkone is first isomerised 
to the flavanone which is then oxidised to the 
flavonol: this conclusion is supported by the 
observation that o-hydroxychalkone yields 
flavanone with alkali ^one, and flavanone is 
converted into flavonol by means of alcoholic 
hydrogen peroxide. According to Murakami 
and Irie (ftoo. Imp. Acad. Tokyo, 1936, 11, 
229), o-hydroxychalkone in methyl alcohol is 
converted by alkali (2iV’-sodium hydroxide, 
triethylamine, or dilute aqueous ammonia) and 
hydrogen peroxide at room temperature into a 
mixture of flavonol and dihydroflavonol, the 
latter being the main product. Flavanone is 
oxidised by these reagents to flavonol* 

Whereas -Algar and Flynn (Ic,) obtained 
flavonols in very small yields by treating 3- 
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arylideneflavanones (flavindogenides) with alka¬ 
line hydrogen peroxide, Algar and Carey (Proc. 
Eoy. Irish Acad. 1937, 44B, 37) found that by 
oxidation with potassium permanganate in 
presence of sulphuric acid 3-hydroxy-3-aroyl- 
flavanones are produced, and these are converted 
into the corresponding flavonols by mild treat¬ 
ment with alcoholic potassium hydroxide, both 
hydrolysis and oxidation apparently taking 
place. Thus, 3-benzylideneflavanone (V) in this 
manner affords 3-hydroxy-3-benzoylflavanone 




(VI) from which flavonol and benzoic acid are 
obtained by the action of alcoholic potassium 
hydroxide. 

Flavonol ciystallises from alcohol in yellow 
needles, m.p. 169-170® (von Kostanecki and 
SzabraAski), m.p. 171-172® (Algar and Flynn), 
and dissolves in sulphuric acid forming a solu¬ 
tion which exhibits an intense violet fluorescence. 
It yields an acetyl derivative, colourless needles, 
m.p. 110-111® (von Kostanecki and Szabraflski), 
and a methyl ether, m.p. 114® (Oyamada). 

The hydrolysis of flavonol into o-hydroxy- 
benzoylcarbinol and benzoic acid may be ex¬ 
pressed by the following scheme; 




and this reaction, which is typical of the whole 
series of these compounds, has generally been 
employe^ to ascertain their stracture. It is 
best effected by digesting the fiilly methylated 


flavonols with boiling alcoholic potassium 
hydroxide for some hours, for owing to the 
occurrence of secondary reactions it cannot be 
satisfactorily carried out with the unmethylated 
compounds. 

The flavonols, with the exception of morin 
which curiously enough is colourless, are yellow 
crystaUino substances soluble in alkaline solu¬ 
tions with a yellow colour, and yield orange 
crystalline oxonium salts with ease in the 
presence of acetic acid. According to Perkin 
hydroxyflavones, as a rule, are not oxidised by 
air in alkaline solution and can be precipitated 
therefrom unchanged by acids, whilst flavonols, 
on the other hand, are readily decomposed in 
this manner with the formation of water-soluble 
products. 

The dyeing properties of the hydroxyflavonols 
appear to be due to the presence of the pyxone 
hydroxyl group, the effect of which is consider¬ 
ably strengthened by the presence of hydroxyls 
in other positions in the molecule, and this has 
received support from the observation of von 
Kostanecki and Szabraiiski that flavonol itself 
dyes on aluminium mordant a pale yellow shade. 
The effect of the pjrrone hydroxyl is also very 
evident on comparing quercetin (VIII) which 
gives a brown-orange shade on aluminium 
mordant with luteohn (IX) which yields in the 
same way only a bright yellow colour. 

HO 





IX. 


Though the presence of two hydroxyl groups 
in the o-position relatively to one another is not 
essential to the dyeing property of hydroxy¬ 
flavonols, their presence, at least in certain 
positions, has considerable influence, not only 
in deepening the tone, but also in reddening the 
shade. This is clear from a comparison of morin 
(VII) and quercetin (VIII) winch give yeUow 
and brown-orange shades, respectively, on 
aluminium mordant. 

The shade given by a hydroxyflavonol glyco¬ 
side is naturally dependent on the position of 
the sugar nucleus, and thus quercimeritrin 
(qu6roetin-7-glucoside) has quite distinct pro- 
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perties in this respect from quercitrin (quercetin- 
3>rhamno8ide). 

For an account of the absorption spectra of 
fiavonols and flavonol glycosides^ and of the 
method of determining the position of the sugar 
group in the latter, see Flavone. 

According to Asahina and Inubuse (Ber. 1928, 
61 [B], 1646), flavones, flavanones, and fiavonols 
can be distinguished by their behaviour on 
reduction (see Flavone). The reduction of a 
fiavonol to the corresponding anthocyanidin was 
first accomplished by Willst&tter and MaUison 
(Sitzungsber. Preuss. Akad. Wiss. Berlin, 1914, 
12,769) who obtained a very small yield of cyan- 
idin chloride by reducing quercetin in methyl- 
alcoholic hydrochloric acid with magnesium and 
mercury. Interesting also is the fact that 
Freudenberg and Kammuller (Annalen, 1927, 
451, 209) prepared di-epicatechin pentamethyl 
ether (see Catechu or Cutch) from quercetin 
pentamethyl ether by catalytic reduction. 


Diflavonol. 


Algar and Hurley (Proc. Roy. Irish Acad. 
1936, 48B, 83) were unsuccessful in their 
attempts to synthesise difiavonol by the 
methods employed by von Kostanec^ and 
Szabrafiski, Auwers and Muller, and Robinson, 
for the synthesis of fiavonols. Following the 
method of Algar and Flynn, however, dichal- 
kones of the type (X; R = CgH5, etc.) were con¬ 
verted into diflavonols (XI) by treating a sus¬ 
pension of the dichalkone in aqueous-alcoholic 
sodium hydroxide with hydrogen peroxide in 
the cold. 


HO^^OH 


RHC=HCOd 


ICOCH^CHR 


X. 



Diflavonol crystallises from boiling cyclo- 
hexanone in yellow prisms, m.p. 323°, and gives 
a brown coloration with alcoholic ferric chloride. 
Its yellow solution in concentrated sulphuric acid 
exhibits a green fiuorescence on standing. D»- 
aceiyldiflavonol forms colourless needles, m.p. 
262°. 

A. G. P. and E, J. C. 

FLAVOPHOSPHINE (v. Vol. I, 1336). 

FLAVOPURPURIN (v. Vol. I, 224c). 

FLAVORHODIN. Flavorhodin occurs in 
minute quantity, together with several other 
carotenoid pigments, in a species of purple 
bacteria. The sep^ation of pigments was 
effected by partition and chromatographic 
methods. Flavorhodin separates from alcohol 
in yellow crystals, m.p. 111-113°; it is epiphasic 
and exhibits absorption maxima at 6,030, 4,720 
and 4,410a (in carbon disulphide) (Karrer and 
Solmssen, Helv. Chim. Acta. 1936, 16, 1306; 
Karrer, Solmssen and Koenig, ibid, 1938, 21, 
464). 


FLAVOXANTHIN («ee Caeotbnoids). A 
xanthophyll, CaoHc^Og, obtained from the 
yellow sepals of the buttercup (Ranunculus acer) 
in which it occurs in admixture with other 
xanthophyUs and xanthophyll esters. Isolation 
of fiavoxanthin was effected by partition and 
chromatographic methods. It separates from 
methyl alcohol in golden prisms, m.p. 184° (vac.), 
190° (benzene). Fiavoxanthin was iden¬ 
tified as a trihydroxy-carotenoid by analysis, 
active hydrogen determination and by its light- 
absorption properties. In ethereal solution 
with 20% hydrochloric acid it gives a pale blue 
coloration (Schunck, Proc. Roy. Soc. 1903 72, 
165; Karrer and Notthafft, Helv. Chim. Acta, 
1935, 16, 1195; Kuhn and Brockmann, Z. 
physiol. Chem. 1932, 218, 192). 

I. M. H. and F. S. S. 

FLAX V. Fibres, Vegetable (this Vol., 
p. 159). 

FLAX WAX. Flax fibre is coated with a 
wax of which 2-6% (on the weight of fibre) can 
be recovered by extraction : 6-10% of wax can 
be obtained from the “ pouce ” or dust separated 
from fiax fibre in the combing or drawing pro¬ 
cesses (Gibson, Trans. Inst. Chem. Eng. 1931). 
The wax is dark green or brown; it has a higher 
melting-point (67-3-69*5°C.) and is harder than 
beeswax and takes a high polish. The wax 
contains phytoaterol and ceryl alcohol. It has 
0-963-0-985; saponif. value 78-4-83-7; 
iodine value 21’6-28-8; and acid value 17-6- 
23‘8 (Honneyman, Pharm. J. 1926,117, 157). 

FLEITMANN'S TEST (v. Vol. I, 4706). 

FLEM INGIN, CigHj^Oj. A yellow colour- 
ing matter present in waras, the resinous powder 
which covers the seed pods of Flemingia con- 
gesta Roxb., it is an orange-red crystalline 
powder, m.p. 171-172°, and on fusion with 
alkali yields salicylic and acetic acids (A. G. 
Perkin, J.C.S. 1898, 73, 660). 

FLINT. (Fr. Silex; Ger. Feuerstein.) A 
native form of silica, being a compact massive 
variety of the mineral quartz with some admixed 
hydrated silica (opal). It grades into chalce¬ 
dony, chert, hornstone or jasper, and may be 
banded and marked like agate; no sharp line 
of demarcation can be drawn between these 
several varieties of quartz. The term “ flint ” is 
commonly limited to the nodular masses found 
in, or derived from, the Chalk formation. This 
material is of organic origin, being derived from 
the siliceous (opaline) remains of marine 
organisms (sponges with siliceous spicules, 
radiolaria and diaiomacese) deposited on the 
sea-floor together with the calcareous remains 
of other organisms which gave rise to the chalk 
itself. After deposition, this disseminated sili¬ 
ceous material became segregated into nodules; 
being no doubt redeposited in the colloidal 
condition, and subsequently dehydrated and 
transformed into the crystalline condition. 
The fact that nodules of flint are usually arranged 
along the bedding planes in the chalk would 
suggest that these layers correspond to periods 
when siliceous organisms predominated, and 
that the solution and redeposition of the sUioa 
took place contem^raneously in the soft ooxe. 
On the other hand, the occurrence of flint in 


I. M. H. and F. 8. 8. 
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platy fonns filling vertical joints in the chalk» 
suggests that solution and redeposition may 
al^ have taken place subsequent to the con¬ 
solidation of the chalk. 

Flint is dull in colour and lustre, being 
yellowish, blackish, or more usually of a smoke- 
grey colour, and with a more or less waxy or 
greasy appearance. It breaks with a smooth 
conchoidal fracture, and under certain conditions 
with a conical fracture. Thin flakes are trans¬ 
lucent at the edges. Thin sections in polarized 
light show that a large part of the material is 
minutely crystalline (crypto-crystalline). Sp.gr. 
2'60-2‘63 (somewhat less than that of crystal¬ 
lised quartz). The material consists of nearly 
pure silica (about 98%) with 1-1-4% of water, 
and traces of iron, aluminium, calcium and 
oi^anic matter. It is much more readily 
soluble in a hot solution of caustic alkali than 
is crystallised quartz. The white patina or 
crust often seen on flints consists in some cases 
of adhering chalk mixed with silica (CaCOg 
50%); or more often it consists wholly of silica, 
and has been produced by the weathering of 
the material, the opal being dehydrated or j 
removed in solution and the crystalline particles 
liberated in a powdery condition. Analysis of | 
flint pebbles from Knockmill, Kent, reduced to a 
white powder shows 97-43% SiOj (G. W. 
Himus, Proc. Geol. Assoc. 1936, 47, 248). 

Flints occur principally in the Upper Chalk, 
which is of wide distribution in the south-east 
of England, around the Paris basin, in Denmark, 
the island of Riigen, Co. Antrim, etc. With the 
denudation of the rock the resistant flints 
accumulate in gravels and other secondary 
deposits. The material is obtained: (1) as 
irregular nodules coated with chalk as a by¬ 
product from chalk quarries worked for lime, 
cement, whitening, etc.; (2) iron-stained pebbles 
from gravel pits; (3) boulders and pebbles 
collected on the sea-shore. 

Flint was perhaps the very first mineral to 
be worked for practical uses, as witness the pre¬ 
historic palaeolithic implements and the highly 
finished flints of the neolithic period. Flints for 
tinder-boxes and gun-flints are still worked by 
the flint-knappers at Brandon in Suffolk (for 
an account of this industry, v. 8. B. J. SkerteWy, 
Mem. Geol. Survey, 1879). Apart from the 
local use of flint as a building stone (v. E. T. 
Baggallay, Trans. R. I. Brit. Arch. 1886) and 
for roaid making and concrete, the principal use 
of the material is in the ceramic industry. For 
this purpose large quantities are collected along 
the French coast between Havre and St. Valery 
at the mouth of the Somme. The material is 
burnt and thrown into cold water, when it can 
readily be finely ground to a snow-white powder; 
large quantities of flint pebbles are also ground 
between blocks of chert. For the manufacture 
of porcelain, as well as for glazing and enamel¬ 
ling, powdered flint is better than crystallised 
quartz, probably on account of the difference in 
texture of the material. Formerly it was also 
used in the manufacture of glass (hence the 
term flint-glass). Powdered flint bonded with a 
l^hJy plastic clay is used for making refractoiy 
silica-bricks for steel furnaces. Round nodules 
of flint are used in tube mills for grinding fslspar, 


cement-clinkers, ore, etc., the silica worn from 
them being a non-injurious contamination. The 
Danish flints are best suited for this purpose. 
As an inert material it is used as a filler in acid 
towers. Powdered flint is used for making 
sand-paper. Flint is also cut and polished for 
use as agate-mortars, polishers and burnishers. 
(v. W. Hill, Flint and Chert, Proc. €teol. Assoc. 
1911, 22, 61; J. W. Mellor and A. J. Campbell, 
Flint and Quartz, Trans. English Ceramic Soc. 
1916,16, 76; K. P. Oakley, Sci. Progress 1939, 
8*>277). L.J.S. 

FLOCONS V. Bleaching (Vol. II, 18a). 

FLORENCITE. Basic phosphate of alumi¬ 
nium and cerium (€6203, etc., 28%)— 

AIP04CeP04-AI(0H)3, 

crystallised in the rhombohedral system and 
isomorphous with the strontium salt hamlinite. 
Sp.gr. 3-686. It is found as small yellowish 
grains and crystals in diamond-bearing sands 
near Diamantina, Brazil, and in cinnabar¬ 
bearing sands and in mica-schist with topaz 
near Ouro Preto, Brazil. L J S 

FLORES CINAE, Santonica, wormseed. 
The dried unexpanded capitula of Artemisia 
cina Berg (fam. compositse). Contains 2-3-5% 
of santonin.. 

FLORIBUNDINE, FLORIPAVINE, 
FLORIPAVIDINE. Opium alkaloids from 
Papaver jloribundum. 

FLORICtNEOL ** (v. Vol. II, 4226). 

“ FLORIDEAN STARCH v. Algje 
(Vol. I, 200d). 

FLORIDITOL v. Aloje (Vol. I, 200d). 

FLORIDOSE r. AsjOM (Vol. 1, 200c). 

FLORIDOSIDE r. Alo^ (Vol. I, 200d). 

"FL0SAl»’(v. Vol. I, 363a). 

FLOS-FERRI v. Aeagonite. 

FLOTATION PROCESS. By the 
“flotation process” is now meant that froth 
flotation process for cleaning or washing metalli¬ 
ferous ores, non-metallic minerals and coal which 
employs aeration, agitation and generally less 
than one-tenth per cent, by weight of oils or 
other substances soluble or insoluble in water, as 
the case may be. 

In the treatment of a metalliferous ore, for 
example, some of these substances or reagents 
are added primarily to cause certain constituents 
of the crushed ore, generally the valuable 
mineral, to float in the froth produced by the 
aeration and agitation; these reagents are 
termed “ collectors,” or, less happily by many, 
“ promoters.” Other reagents termed “ de¬ 
pressants ” and “ gangue modifiers ” are added 
to make the remaining constituents sink. 
Reagents called “ frothers ” may be necessary 
to control the amount, stability and bubble size 
of the froth, whilst, if it is desired to refloat any 
of the depressed constituent minerals, reagents 
called ** activators ” are added subsequently. 

In practice the amount of a reagent us^ is 
expressed in decimals of a pound (avoidupois) 
per ton of ore treated, for example “ 0*1 lb. of 
xanthate per ton ” is equivalent to 0*005% by 
weight of th9 ore treat^ if the short ton of 
2,000 lb. be employed; if 4 tons of water were 
u^ per ton of ore the strength of the xanthate 
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solution employed would be approximately 
0 *001%, more exactly 1 part in 80,000 if the 
xanthate remained in solution. 

For research work it is sometimes more con¬ 
venient to compute the strength of reagents in 
terms of milligrams of reagent per litre of water 
for the given ore-water ratio, pulp ratio or pulp 
density used in the test, e.g. 12-5 mg. xanthate 
per litre in the above case. With some reagents 
as little as 2 mg. per litre, 1 part in 500,000 is 
used. 

From a consideration of these quantities it is 
apparent that the flotation process consists of 
floating off particles of mineral attracted to the 
surfaces of the bubbles, the air-water interfaces, 
of a froth and not to any buoyancy elFect of the 
reagents which attach themselves to the particles 
“ floated.” 

The Principles. 

Flotation depends fundamentally on the 
tendency of all dry insoluble freshly crushed 
minerals, metallic or non-metallic, to float when 
placed on the surface of water, i.e. to adhere to a 




gas-liquid interface. In the flotation process 
the surfaces of bubbles in water or in a froth 
provide a more adequate amount of gas-liquid 
interface for the collection of minerals than 
would the surface of a flowing stream of water. 
This tendency to float results from the fields of 
force, unbalanced attractions, which occur at the 
surfaces of liquids and solids in air, effects of 
surface tension and surface energy, more pre¬ 
cisely the tensions at the gas-liquid and gas-solid 
interfaces, but, as the solid particles are at least 
partly wetted, there is a third force, the tension 
at the liquid-solid interface to be considered. 
The existence of the interfacial tensions and 
their relative strengths is shown by the contact 
angle 6 made at the junction of the gaseous liquid 
and solid phases when drops of liquid are in 
equilibrium on a smooth horizontal solid surface 
in a gas (Pig. 1), or when a bubble of gas is in 
ecpiilibrium on a similar solid surface in a liquid. 

With air, water and a mineral the contact 
ai^le depends on the nature and state of the 
mineral surface and is a measure of the floata- 
bility of the mineral. 

If the solid-liquid interfacial tension is high 
the contact angle will be low, as the solid- 


I liquid interfacial tension is a measure of the 
tenacity of adhesion between the mineral and 
the water, the instability of the froth and the 
lack of floatability of the mineral in the flotation 
process. Conversely a high contact angle 
(Fig. 2) results from a low solid-liquid inter- 
facial tension and indicates tenacity of adhesion 
between mineral and air, floatability. In 
practice there is a certain range of contact 
angle, called the hysteresis of the contact angle, 
which results when a drop of water is dragged 
along a mineral surface or the surface is in¬ 
clined. This hysteresis is not the true measure 
of floatability. 

The froth-flotation separation process depends 
(1) on the enhancement of floatability in the case 
of minerals it is desired to float off in the air- 
water froth produced, and (2) on the reduction 
of floatability in the case of minerals it is desired 
to sink by rendering them more readily wetted, 
less air-avid and less water-repellant. The inter¬ 
facial tension between the mineral to be floated 
and the water has been increased as shown by 
the decreased contact angle. In an ore contain¬ 



ing several different sulphide minerals it is 
necessary to collect each mineral separately in as 
pure a state as possible because of the demands 
of the smelter. This separation requires an 
accurate control of the wettability or non¬ 
wettability of each mineral in the ore and is now 
generaUy obtained by the use of reagents which, 
on dissociation in dilute solutions, yield suitable 
polar or polar-non-polar ions which are selec¬ 
tively adsorbed to the surfaces of the minerals 
it is desired to float or sink. 

How considerable this control may be is 
I well illustrated by the flotation of coal high in 
; ash to remove the ash, and the subsequent sink- 
ing of the recovered coal to remove its pyritic 
content by flotation. 

The^ jiret necessary condition for successful 
flotation is that flocculation must not be allowed ’ 
to interfere with the selective attachment of the 
collected mineral to the air bubbles. Sometimes 
it is necessary to add deflocculating or dis¬ 
persing reagents to the “ pulp ” (mixture of 
water and crushed ore) to prevent such floccu¬ 
lation. 

Solid-solid adsorption of any gangue con¬ 
stituents to the sulphides it is desired to float 
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must also be prevented, otherwise they will be 
coated with a wettable non-floatable layer. 
Precautions against this are only necessary in 
certain cases where primary slime, e.g. of clay 
or haematite, occurs in the ore. These may have 
to be removed by preliminary washing instead 
of being dealt with by reagents. Adequate 
defloccmation is thus the first necessary con¬ 
dition after adequate grinding. 

The second necessary condition for successful 
flotation is that there should be adequate aera¬ 
tion of the pulp to give enough froth to supply 
a suflftcient area of air-water surface for the 
collection of all the valuable mineral present; 
the mineral must not be crowded out of the 
froth. The formation of such a froth is assisted 
by the addition of a frothing agent or “ frother,” 
generally a soluble substance which reduces the 
surface tension of the water but does not intro¬ 
duce reactive ions into the pulp; pine oil 
and cresylic acid are the most widely used. 

If the agitation is excessive the coarser 
particles may not be able to adhere sufficiently 
strongly to the bubbles to be collected; in rare 
cases where collection dej>end8 on a differential 
filming by a chemical compound, rather than 
by adsorption of ions, as in the differential flota¬ 
tion of an oxidised lead and zinc ore by sodium 
taurocholate, the coating may actually be 
rubbed off by too violent agitation although all 
the other conditions for flotation are correct. 
This can be avoided by reducing the speed of 
the impeller and thus the violence of the agita¬ 
tion. 

An excessive area for the collection of the 
froth may result in the froth being too weak 
because there is not enough mineral to armour 
the bubbles and thus render them strong enough 
not to break and drop their load before removal 
from the cell. 

Some managers have nearly closed down their 
mines by insisting on more agitation and bigger 
and bigger cells when recovery was poor, thus 
getting a weaker and weaker froth. If correctly 
chosen reagents are used, loss should be avoid¬ 
able by the use of crowding boards, to reduce the 
area of the cells. 

The third necessary condition for successful 
flotation is that the froth produced should be 
sufficiently stable (tough) to allow of its removal 
from the cell, or flotation machine, without 
undue loss of floated mineral by breakage of 
the bubbles. On the other hand the froth 
should break down quickly after removal from 
the cell so as to allow of the ready collection of 
the floated mineral or concentrate in a condition 
suitable for feeding to vacuum filters, which 
remove sufficient water from the wet slimy 
concentrate to allow it to be transferred for sale 
or further treatment as may be required. 

For this purpose “ froth—stabilising reagents 
may be necessary. These are distillation pro¬ 
ducts of coal, wood or oil which are insoluble in 
water and with sufficient agitation are adsorbed 
to the air-water interfaces. The use of such 
reagents is out of date. In modem practice the 
amount of frother and the pulp density, i.e, ratio 
of crushed ore to water, are generally so con¬ 
trolled as to give adequately stable froth. It is 
much easier to do this in the alkaline circuits 


used with organic reagents now general in flota¬ 
tion practice than in the acid circuits used with 
oils in the early days of flotation. 

The fourth necessary conation for successful 
flotation is that reagents be available to control 
the floatability of the different sulphides in the 
ore. These may be classed as “ collectors ” to 
collect the most readily floatable sulphides, the 
first to be separated and removed, “ depres¬ 
sants ” to keep the other sulphides present from 
floating by sinking or depressing them, and 
“ activators ’’ added to refloat or activate the 
depressed sulphides as and when required. 

The fifth necessary condition for successful 
flotation is that the gangue or unwanted portion 
of the ore, the tailings, must remain unfloated, 
i.e. must be sufficiently wetted not to be held in 
the froth. Sometimes the depressant used for 
the sulphides also depresses the gangue, some¬ 
times the gangue is sufficiently wetted during 
the operations involved, sometimes a “ gangue 
modifying ” or ** wetting agent ” must be added. 
Sodium silicate is widely used in alkaline circuits 
whilst sulphuric acid is cheap and effective in 
acid circuits. 

The sixth necessary condition for successful 
flotation is that the acidity or alkalinity, the jpg 
value of the pulp must be adjusted to suit the 
flotation reagents used, natural acidity of the 
ore and salts such as aluminium sulphate and 
ferric sulphate occurring naturally in the ore 
may cause “ toxic conditions ” of the pulp, 
conditions causing destruction or non-adsorption 
of the flotation reagents. When necessary the 
hydrogen ion concentration is controlled and 
toxic conditions of the pulp are prevented by 
preliminary washing of the ore or by the addition 
of pulp conditioners, t.e. conditioning reagents 
such as lime, sodium carbonate and caustic soda. 

The depressants used for a sulphide in a 
selective flotation circuit may also “ condition ” 
the pulp and depress or modify the gangue, thus, 
although six different conditions have been 
I specific as necessary for successful flotation, 
and different reagents mentioned in connection 
with each, one reagent may perform more than 
one function and the operation of the process 
simplified accordingly. Thus it is quite usual 
to employ one reagent as frother, froth stabilizer 
and collector. 

Reagents. 

Although over two thousand reagents have 
actually been patented and many more have 
been suggested, less than a hundred are at all 
widely used in the flotation process by which 
more than 50,000,000 tons of ore are treated 
annually. 

Pine oil and cresylic acid are the chief frothers, 
sulphuric acid, sodium silicate and the common 
alkalis are the chief gangue modifers and pulp 
conditioners. The common alkalis and a few 
simple metallic salts are used as depressants and 
activators. 

Oils, once the most important and almost the 
sole class of collectors, have since 1930 been 
replaced by various organic compounds which 
yield suitable adsorbable anions on solution. 
From 1930 to 1940 development has been in 
the direction of using fewer and better purified 
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reagents in smaller quantities. This has been 
made possible by the more accurate control of 
working conditions, particularly the hydrogen 
ion concentrations. Considerable developments 
are to be expected in the use of the newly 
introduced differential wetting agents which 
facilitate the differential flotation of non- 
metallic minerals, and also in the use of reagents 
with adsorbable polar cations. 

The choice of reagents in a particular case 
must often be modified by the consideration of 
patent royalties, stability under local climatic 
conditions, regularity and purity of supply and, 
of course, cost. On the other hand an ex¬ 
tremely expensive organic reagent suitable for 
some special purpose can sometimes be obtained 
at a very low price if required regularly in 
quantity. 

Inorganic Reagents. 

The inorganic reagents in general use are the 
common mineral acids and alkalis used for pulp 
conditioners and gangue modifiers. 

Sulphuric acid is the most commonly used 
gangue modifier in acid circuits, but these are 
seldom employed now for ores unless much fine 
slime has to be dealt with. Acid circuits are 
sometimes used for the flotation of blende from 
a bulk concentrate or of fine depressed p3rrite8 
from an end-product. 

Lime is used for pulp conditioning but also 
as a depressant for iron pyrites. Caustic soda 
counteracts previously added oils in differential 
flotation, depresses pyrites, helps sulphidising 
in the flotation of oxidised ores, may depress or 
float blende in different ores and assists in the 
emulsification of oils. Sodium carbonate and 
bicarbonate are used instead of lime with straight 
lead and zinc ores and with mixed sulphide ores 
if the sulphide content is high. They revive 
some pyrites. 

Certain salts of the common metals are em¬ 
ployed more particularly as depressants, acti¬ 
vators and gangue modifying or wetting agents. 
Thus copper sulphate is used in differential 
flotation for activating depressed zinc blende, 
pyrites and pyrrhotite, it also accelerates the 
flotation of blende in zinc ores. Ferrous sul¬ 
phate depresses pyrites in the presence of 
chalcopyrite. 

The polysulphides and sodium sulphide are 
used as sulphidising reagents in the treatment of 
oxidised ores of lesd and zinc. Sodium sulphide 
is also used to activate pyrites, to assist in the 
flotation of tarnished galena and blende and to 
act as a wetting agent with silicates and non- 
metallic minerals. 

Potassium dichromate is used for depressing 
galena, activating marmatite, a double sulphide 
of iron and zinc, and for activating some copper 
minerals. 

Sodium cyanide is used for depressing iron 
pyrites, as little as 1 part in a minion parts of 
water may be effective. It is also used for this 
purpose in conjunction with lime for copper 
ores and, in conjimction with zinc sulphate, for 
depressing blende. It may be used alone for 
reconditioning blende. Sodium or potassium 
permanganate are occasionally used for mis- 
pickel (FeA$8). 


Sodium phosphates are used as wetting agento, 
preferably the dihydrogen phosphate, and in 
the treatment of silicate ores and non-metallio 
minerals. 

Sodium oleate is used for the flotation of 
malachite and certain non-metallic minerals. 

Sodium silicate is the most widely used gangue 
modifier in alkaline circuits and has a de- 
flocculating effect on gangue. 

Sodium sulphite is used for depressing blende 
and pyrites, as is also sodium thiosulphate. 

Hyposulphurous acid itself is used in Central 
Europe. “ Ehof ” a German reagent advertised 
for this purpose contains polythionates. 

Zinc sulphate, often in conjunction with sodium 
cyanide, is widely used for depressing blende. 

These salts are thought to act as depressants 
by supplying inorganic anions which prevent 
the collector being adsorbed by some minerals 
but not by others. Their utility has to be deter¬ 
mined in practice by careful and systematic 
testing. 

Organic Reagents. 

These fall into three main classes : the frothers, 
the collectors and the differential wetting agents, 
the so-called “ anodic reagents.” 

Frothers .—By far the most widely used 
frothers for sulphide ores are cresol, cresylic 
acid {q.v.)f and pine oil. Pine oil is manufactured 
to various definite specifications for flotation 
purposes, it contains terpenes and camphors in 
various proportions. ” Flotoly' manufactured 
in Germany, is a terpene alcohol obtained as a 
by-product in the manufacture of camphor. 

Eucalyptus oil is also used as a frother 
generally when it can be obtained locally, it also 
has collecting properties. 

Free cresols are said to be present in “Aero- 
float 15,^' Aero float 25 ” and AeroflocU 31^ 
The reagents marketed by the largest and most 
influential manufacturers of flotation reagents 
in U.S.A. are now mostly sold under mystery 
numbers. This does much to frustrate scientific 
training and compels the practising metallurgist 
in flotation work to resort to the methods of the 
Dark Ages and employ “ rule of catalogue 
numbers ” for “ rule of thumb.” For oxidised 
ores and non-metallic minerals certain alcohols 
and alcohol derivatives, and compounds of the 
acids, are used. 

The essential requirement for frothers appears 
to be the possession of a polar and a non-polar 
part, a part which repels water and a part which 
hydrates, such as has already been noted in 
cresol. llie frothing properties of the alcohols 
increase with the length of the carbon chain 
up to about 7 or 8 carbon atoms but decrease 
thereafter. Generally speaking, in a homo- 
Ic^ous series the middle meml^rs are the best 
brothers, the higher members being less 
soluble. Sometimes this may be overcome by 
substituting the acid sulphate of the alcohol for 
the alcohol itself. The use of the many com¬ 
pounds which, according to these rules, can form 
good brothers, is restrict^ by the facts that many 
are not cheap enough and are not effective at 
suflflciently low concentrations. 

Oleic acid, one of the earliest brothers used 
experimentally is now only employed com- 
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mercially as a collector for certain non-sulphide 
minerals. 

Collector8 ,—Of the organic reagents used as col¬ 
lectors the two main classes are the thio-deriva* 
tives of carbamide or of sodium carbonate and 
the thio-derivatives of cresylic or phosphoric acid. 

Of the large class of mercapto compounds only 
one is used to any extent, namely, mercapto- 
benzthiazole, 

which is sold under the trade name ** Flotagen.*" 

All these organic compounds, like those used 
as frothers, are heteropolar, their molecules 
possess a polar and a polar-non-polar part, but 
with this difference the polar part must have a 
specific affinity for the surface of a specific 
mineral whilst the polar part of the molecule 
of a frother need only have an affinity for water. 
The affinity for a sulphide surface seems to be 
connected with the possession of a sulphur atom 
with an unsaturated bond (S = ). The adsorbed 
polar part of these collector molecules may be 
regarded as attached to the mineral suiface 
with its water-repellant or air-avid end orientated 
outwards so that the surface presented to the 
air bubble is non-polar, one in which the atoms 
are co-valent. This hypothesis is supported by 
the experimental facts that the contact angle 
of different minerals (Fig. 2) is the same if they 
have been treated with the same collector and 
is the contact angle characteristic of the col¬ 
lector used; conversely the same mineral will 
give different contact angles when treated with 
different collectors, the contact angle in each case 
being that characteristic of the collector. 

Examples of non-ionized collectors are known. 
At present, except for the dixarUhogene, e.g, di¬ 
ethyl thioformate disulphide, their use for the 
collection of sulphides is highly restricted and 
their mode of action not yet understood. 

With orientated adsorption one would expect 
that the longer the carbon chain in the non¬ 
polar part of the polar-non-polar anion the 
more effective would be the collector, because 
the increased thickness of the non-polar part 
would mask the polar part of the coating. 
This is strikingly iUustra^ in the case of the 
xanthates. Xanthic acid is related to carbonic 
acid thus: 


.OH 

0 = 0 '^ 

.SH 

\0H 

\0H 

Carbonic acid, 

Thiol-thion 

HjCOj. 

carbonic acid. 


8 H 

OCjHg 

Xanthic acid. 

Potassium xanthate may thus be also described 
as potassium ethyl dithiooarbonate. It is the 
most widely used and the cheapest of the 
xanthates. The substitution of the amyl, butyl 
or cetyl radicle gives us amyl, butyl and cetyl 
xanthates with increasing powers as collectors 
in certain oases, e.y. in &e treatment of some 
gold ores. 



An older type of this class of collectors was 
thiocarbanilide which contains two phenyl 
groups instead of an alcohol radicle, thus : 





o 

\nh, 

\nh. 

Urea or 

Thiocarbamide. 

carbamide. 

.nh-c.h. 


''NHC.H, 


Thiocarbanilide. 


This reagent is a weaker collector than the 
xanthates but it gives a better froth and, because 
it is slower in its action, is particularly useful 
in delicate differential work. 

The Aero float ” group of reagents marketed 
mainly under 12 numbers are related to phos¬ 
phoric acid, e.g. sodium diethyl dithiophos- 
phate and dicresyl dithiophosphate : 



.OH /OCaHg 

OH S^P—OCjHg 
OH ^SNa 

.OCeH^CHj 
= P^OCeH*CH3 . 
\SH 


Some members of this group are both collectors 
and frothers, all are collectors. 

The reagents mentioned have achieved great 
success with metallic sulphide ores, but have been 
of little commercial value for the differential 
flotation of non-metallic minerals and of oxidized 
ores. Oleic acid, fish-oil fatty acid and soaps of 
of these and other fatty acids and salts of the 
fatty acids, e.g. sodium lauryl sulphate and 
sodium lauryl phosphate, have given encouraging 
results as collectors using terpineol frother and 
other frothers. 

In 1938 a new type of reagent was investi¬ 
gated in which the cation instead of the anion 
was the polar non-polar part. One of these 
reagents, trimethyl cetyl ammonium bromide, 
N(CH3)3(C,eH83)Br, gave surprisingly satis¬ 
factory selective results on a laboratory scale. 
In 1940 a series of these reagents were put on the 
market under mystery numbers, one is said to 
be particularly usefid for depressing graphite 
in the flotation of gold ores. Their mode of 
action is not clear, the compound mentioned 
above does not appear to dissociate in solution, 
others of this group appear to be differential 
wetting agents rather than collectors. 

The “ Aerosol ” reagents are marketed 
definitely as wetting and deflocculating re¬ 
agents and are described as the sodium salts of: 
Dioctyl sulphosuccinic acid “OT.** 

Amyl methylamylsulphosuccinate “ MA.” 
Diamylsulphosuecinic acid “ AY.’* 
taoPropyl naphthalenesulphonate “ OS.” 


CHjCOOH 

c[h,cooh 


80,H 

CH,—C CO OCNa 

(!;hcooc,h„ 


Succinic acid. 


“MA.*’ 
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These reagents are soluble in both polar and 
non-polar solvents. They are specially recom¬ 
mended as gangue depressants in the flotation 
of oxidized ores. 

Although so much difficulty is met with in the 
treatment of most non-motallic minerals, coal 
is an exception. It can be floated very easily 
with light fuel oil, kerosene, or even coke oven 
liquor. Turpentine is a powerful collector and 
good frother for coal. Sodium cyanide is used 
to depress the contained iron pyrites. In the 
differential flotation of the coking and the non- 
c*oking constituents of a coal, tannin, starch, 
glue and also water-glass have been used as 
protective colloids. The low value of the fine 
product permits of the use of only the cheapest 
reagents for coal. 

Certain rather unexpected reagents have been 
found of use in particular cases, e.g. Rhodamine B, 
an aminophenol derivative, 

.CeHs-NEtj 

.. /i^C«H, NEt, 


^CO 

Rhodamine B. 

for the depression of talc in some ores; quinal- 
dine (2-methylquinoline, CgH^NMe) a nitrogen 
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ring compound, a collector of copper pyrites 
and a depressor of blende in certain ores, but 
the total number of reagents at all widely used 
for flotation work is only two or three dozen. 

Flotatiok Maobires. 

A flotation machine should be continuous in 
operation, easy to start up after a temporary 


stoppage and free from periodical breakdowns 
It should also provide : 

n Adequate and adjustable aeration and agita¬ 
tion of the pulp (water and ground ore), 
e Adequate sub-division or emulsification and 
-1 distribution (contact) of the reagents in the 
7 pulp. 

1 Adequate but not excessive area for the col- 
1 lection and removal of the mineral-laden 

1 froth. 

3 Any machine or appliance which fulfils these 
- conditions is satisfactory, hence locally designed 
, machines are often met with in practice. Three 
3 main types are favoured, namely: mechanical, 
3 pneumatic and cascade machines (Fig. 3). 
b 

Flotation Separation Tests. 

‘ In carrying out tests on ores it should always 
► be borne in mind that, whatever apparatus and 
set procedure are employed, reliable results are 
not obtainable in some cases, except after sys¬ 
tematic experimentation on a successively larger 
and larger scale. On the other hand with many 
ores the results obtained in small-scale tests can 
be duplicated in practice without any necessity 
for large-scale tests. Even in such cases the 
construction of a pilot plant should be regarded 
as a necessary preliminary to efficient mill 
design and operation. 

I The factors to be considered in carrying out 
flotation tests concern the character of the ore, 
the preparation of the ore for the test, and the 
conditions of the test itself thus : 

Character of the Ore. 

Presence of colloids or of primary slime. 

Presence of soluble salts or of natural acidity. 
Proportion of sulphides to gangue. 

Degree of dissemination of the sulphides. 
Relative hardness of gangue and the valuable 
minerals. 

Components and chemical nature of the consti¬ 
tuents of the gangue. 

Flocculating properties of the gangue. 

Relative floatability of the sulphides. 

Preparation of the Ore. 

History and reliability of the sample. 

Kind of crushers. 

Method of crushing. 

Degree of comminution attained. 

Conditions of the Test. 

Nature and composition of the water used. 
Proportion of water to ore. 

Proper pulp conditioning. 

Rate of feed and proportion of ore in circuit. 
Method and degree of classification employed. 
Addition of reagents before, during or after 
crushing. 

Consistency of rea^nts and time of contact. 
Chemical properties of the reagents used in 
relation to the nature of the circuit: acid, 
alkaline or neutral. 

Amount of aeration and agitation, bubble size. 
Duration of test. 

of machine used. 

Method of concentration, whether straight, bulk 
or selieotive. 

Skill and experience of the operator. 
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Common Rbao^nts Used for Tests. 

Mineral Acids and Alkalis. 

Sulphuric Acid. —(1) Gangue modifier in acid 
circuits ; (2) with sodium sulphite to sink 

blende; (3) flotation of blende from a bulk con¬ 
centrate ; (4) flotation of lime-depressed p3Tites ,* 
(5) used in sub-A machines if much fine slime. 

Lime. —(1) Pulp conditioning; (2) neutral¬ 
ising acidity; (3) depressing iron pyrites. 

Caustic Soda. —(1) Counteracts previously 
added oils; (2) depressant for pyrites; (3) helps 
sulphidising; (4) depresses or floats blende; 
(5) helps emulsification of oils. 

Sodium Carbonate or Bicarbonate. —(1) Sub¬ 
stitute for lime with straight lead and zinc ores; 
(2) carbonate used if the sulphide-content is 
high ; (3) revives some pyrites. 

Metallic Salts. 

Copper Sulphate. —(1) Activating and re¬ 
activating blende ; (2) activates pyrites to a less 
extent, also pyrrhotite. 

Sodium Polysulphide. —For sulphidising oxi¬ 
dised ores. I 

Potassium Dichromate. —Activates copper ores i 
and marraatite. 

Potassium PermangaruUe. —For arsenical ores, 
etc. 

Sodium Cyanide. —(1) In pine oil and xanthate 
circuits to depress blende and pyrites; (2) with 
lime for pyrites in copper ores; (3) for treating 
copper-activated blende. 

Sodium Silicate. —Gangue modifier in neutral 
and alkaline circuits. 

Sodium Sulphide. —(1) For tarnished galena 
and blende; (2) for activating pyrites and for 
sulphidising oxidised ores; (3) for wetting some 
minerals. 

Sodium Sulphite and Thiosulphate. —For de¬ 
pressing blende and pyrites. 

Tris^ium Phosphate. —Wetting agent with 
oxidised ores and some copper ores. 

Zinc Sulphate (use 3 parts Zn804,7HjO or 2 
parts ZnS04,2H20 for 1 part NaCN).— 
(1) Depresses blende, is sensitive, improved by 
sodium cyanide; (2) floats some blendes. 

Simple Derivatives of Benzene. 

Gresylic Acid .— Frother, 

Orth^luidine .— ^Frother and solvent, 

Thio- and Phospho-Derivatives. 

** Aerofloatf'* **Flotagen-S.'' 

Derivatives of Carbanilide. 

Thiocarbanilidet Potassium ethyl xanthale. 

Distillation Products. 

Pine Oily Turpentincy Wood Tar, Coal Tar, 
Wood Tar Creosote. 

Other Substances. 

Eucalyptus Oily Oleic Acid. 

Conclusion .— The two essential rules in testing 
ores by flotation are: 

(i) All the test conditions kept as similar as 

possible to those which wiU prevail in 
practice. 

(ii) Exhaustive experimentation in attacking 

a diffietdt problem. 


Amounts of Beagents Used .—The amounts 
required are generally within the limits given 
below: 


Frothers . 
Collectors 
Depressants . 
Activators . 


. 0-02-0’25 lb. per ton, 
. 0*05-2*5 lb. per ton. 

. 0*05-1*0 lb. per ton. 

. 0*01-2*0 lb. per ton. 


B. W. H. 

FLUAVIL. A yellow amorphous resin 
soluble in cold alcohol found in gutta (v. Vol. Ill, 
306). 


••FLUID GELATIN.*' Aluminium salts of 
higher fatty acids (v. Aluminium, Vol. 1, 293d). 

FL UOC ERITE . Fluoride of cerium (40%), 
lanthanum (30%), and yttrium (3%) earths, 
crystallised in the hexagonal system. It is 
reddish-yellow with resinous lustre, and massive, 
rarely as crystals. Sp.gr. 5*70, 5*93. It occurs 
in pegmatite veins with gadolinite, orthite, etc., 
at Osterby, Finbo and Broddbo in Sweden 
(P. Geijer, Geol. For. Forh. Stockholm, 1921, 43, 
19). 

L. J. S. 

FLUOCOLLOPHANITE r. Collopha- 


NiTE (Vol. Ill, 294a). 
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I was discovered independently by Fittig and 
Gebhard (Ber, 1877, 10, 2143; Ann. 1878, 198, 
142) in coal tar, and by Goldschmiedt in “ stupp,” 
a mixture of hydrocarbons obtained in distilling 
mercury ores at Idria (Ber. 1877, 10, 2022). It 
is obtained from the fraction of coal tar boiling 
higher than anthracene, by redistilling it. at 
250^^/60 mm. A mixture passes over of pyrene 
and fluoranthene, which may be separated by 
repeated crystallisation of their picrates from 
alcohol; fluoranthene picrate separates in orange 
needles, m.p. 184-185°. Fluoranthene has been 
isolated from the higher boiling fractions of 
“ acetylene tar,” produced by leafing acetylene, 
mixed with hydrogen, through a porcelain tube 
at 640-660°C. (Meyer and Taeger, ibid. 1920, 53 
[B], 1264); it is also found, together with 
other polycylic aromatic hydrocarbons, among 
the products of the reductive fission of bitu¬ 
minous- and lignin-containing substances (I.G. 
Farbenind. A.-G., B.P. 436264; F.P. 781643; 
Chem. Zentr. 1936, II, 3618). 

The hydrocarbon crystallises from alcohol in 
needles or monocHnic plates, melting at 110°. 
It has b.p. 250-26r/60 mm., 217°/30 mm. It 
is sparingly soluble in cold, readily soluble in 
boiling idcohol; soluble in ether, chloroform, 
carbon disulphide, benzene and glacial acetic acid. 
Warm concentrated sulphuric acid dissolves 
the hydrocarbon, giving a deep blue colour. 
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The discoverers of fluoranthene erroneously 
ascribed to it the formula and the 

constitution 

I ^ 

The true constitution was established by 
S 3 mthe 8 i 8 from j8*9-fluorenyl-propionic acid, 
which was cyclised to 4-keto-l:2:3:4-tetrahydro- 
fluoranthene. This was reduced to tetrahydro- 
fluoranthene, which yielded fluoranthene on 
distillation in carbon dioxide over red-hot 
litharge on pumice (von Braun, Anton and 
Wagner, Ber. 1929, 62 [Bl. 146). 

Reduction with sodium and amyl alcohol, 
or with hydrogen and a nickel catalyst in 
decalin under pressure at 230®, gives tetra- 
hydrofluoranthene, CigHi 4 , m.p. 74-75°, b.p. 
203-205°/2 mm. ; decahydrofluoranthene, 
CigHjo* b.p. 181-183°/12 mm. and perhydro- 
fluoranthrene, b.p. 168-170°/12 mm. 

(von Braun and Manz, ibid. 1930, 63 [B], 2608). 

Oxidation with chromic acid yields fluor- 
anthenequinone (3:4), m.p. 180°, and by further 
oxidation j(?tiorcnon€-l-car 6 oa:yttc act'd, m.p. 192°. 
The latter is converted by heating with lime to 
ftiLorenone, and by fusion with caustic potash to 
iBodiphenic acid (diphenyl-2:3'-dicarboxyh‘cacid). I 

Nitration of the hydrocarbon with fuming 
nitric acid yields a trinitroderivative; on 
nitration in glacial acetic acid there is formed, i 
in ca. 20% yield (purification being wasteful), I 
4-nitrofluoranthene, m.p. 169-160°. This may j 
be reduced to the amine, which is easily dia -1 
zotised. The diazonium compound couples with 
/3-naphthol to give a deep red azo-dye. j 

Sulphonation and bromination, under con¬ 
trolled conditions, yield similarly the 4-mono¬ 
derivatives (von Braun and Manz, Annalen, 1931, 
488, 111; von Braun and Anton, Ber. 1934, 67 
[B], 1061). 

On the other hand, acylation by the Friedel- 
Crafts method leads to derivatives with the 
substituent groups mainly in the 12 -position, 
and in the 4-position in the by-products. Thus 
with phthalic anhydride and aluminium chloride 
in carbon disulphide, fluoranthene yields 12 -o- 
carboxybenzoylfluoranthene, m.p. 212°, The 
acid chloride of this, heated in trichlorobenzene, 
cyclises to the quinones (I), m.p, 228°, red, giving 
a violet vat, and (II), m.p. 332°, yellow, giving a 
blue vat (von Braun, Manz and Kratz, Aknalen, 
1932, 496, 170). 



Fluoranthene and its derivatives have been 
suggested as intermediates for dyestufiFs. Its 
amino derivatives may be condensed with 1:4- 
quinones to give pigment dyes, or intermediates 
of oxazine or sulphur dyestuffs (I.G. Farbenind. 
A.-G., B.P. 408456; Amer. C!hem. Abstr. 1934, 
28, 5678; see also I.G. Farbenind. A.-G., G.P. 
675963; Amer. Chem. Abstr. 1933, 27, 4819; 
G.P. 696024; Amer. Chem. Abstr. 1934, 28, 
4069). 

FLUORANTHENEQUINONE v. Fluoe- 

ANTHENE. 

FLUORENE, o-Diphenyhnemethane, 



was discovered by Berthelot in coal tar (Compt.) 
rend. 1867, 65, 466; Ann. Chim. Phys. 1867, 
[iv], 12, 222). Obtained (1) by passing the 
vapour of diphenylmethane through a red-hot 
tube (Graobe, Annalen, 1874, 174, 194; Ber. 
1874, 7, 1624), (2) by heating diphenylmethane 
or dicycfohexylmethane with Pt-charcoal at 
300° (Zelinski, Titz and Gaverdovskaja, ibid. 
1926,69 [BJ, 2590), (3) by reduction of fluorenone 
by heating either with zinc dust (Fittig, ibid. 
1873, 6, 187) or with hydriodic acid and red 
phosphorus to 160-160° (Graebe, ibid. 1874, 7, 
1625), (4) by diazotising 2-amino-diphenyl- 
methane and heating the aqueous solution of 
the diazonium salt so obtained (Fischer and 
Schmidt, ibid. 1894, 28, 2787), ( 6 ) by heating the 
quinoline salt of fluorene-9-carboxylic acid to 
160-170° (Staudinger, ibid. 1906, 39, 3067, 
Note 1) or the free acid to 290° (Delacre, Bull. 
Soc. chim. 1902, [iii], 27, 877): the fluorene-9’ 
carboxylic acid may be prepared by condensing 
ethyl trichloroacetate with benzene in the 
presence of aluminium chloride (Delacre, l.c.). 
The high-boiling fractions of tar oil, after 
depositing naphthalene and anthracene, are 
distilled ; the fraction boiling between 296° and 
310° contains the greater portion of the fluorene, 
which, on fusion with caustic potash at 280°, is 
converted into a solid potassium compound 
(Weissgerber, Ber. 1901, 84, 1669), this was 
originally separated mechanically from the 
fused hydrocarbons and the fluorene regenerated 
by treatment with water (G.P. 124160). The 
sodium compound, also used in the separation, 
is obtained by fusing the mixture of hydro¬ 
carbons with sodium or sodamide at 110-260° 
(G.P. 203312). In the presence of aniline or 
other organic bases, the reaction proceeds more 
smoothly and at a lower temperature (G.P. 
209432). Recrystallisation from alcohol and 
glacial acetic acid and precipitation of the picric 
acid compound (m.p. 81°), may be used in the 
purification. Lustrous laminae, m.p. 116°, b.p. 
294-295°. Sparingly soluble in cold, readily in 
hot alcohol; readily soluble in ether, benzene 
and carbon disulphide. 

Isomeric diphenylenemethanes were described 
by Camelley (J.C.S. 1880,87,708), who obtained 
them by passing the mixed vapours of benzene 
and toluene through a red-hot tube. Stereoiso¬ 
merism in 9-amino derivatives of fluorene had 
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been described by Kuhn and Jacob (Ber. 192$, 
58 [B], 1432) and by Schlenk and Bergmann 
(Annalen, 1928, 468, 1, 98; 464, 1; Ber. 1929, 
62 [B], 745), but has not been confirmed by 
Kliegl and his collaborators (Ber. 1926, 59 [B], 
631; 1929, 62 [B], 1327; 1930, 68 [B], 1262). 
Measurements of the dipole moment of 2:7> 
dinitrofluorene (4*80 D units) indicate, however, 
that fluorene in solution exists as a flat 
molecule (Hughes et a/., Chem. and Ind. 1936, 
55, 545). 

The negative character of the methylene 
group, as shown by the formation of derivatives 
with sodium and potassium (v. supra) and lithium 
(by the action of lithium ethyl) resembles closely 
that found in cyclopentadiene. The decom¬ 
position of Grignard compounds by fluorene 
with the formation of fluorenyl magnesium 
halide and a paraffin hydrocarbon, condensation 
reactions with aldehydes, esters (Thiele, Ber. 
1900, 88, 85; Wislicenus, ibid. 1900, 88, 771) 
and with nitrobenzene (Hailwood and Robinson, 
J.C.S. 1932, 1292), emphasise this characteristic. 
A number of reactions have been described in¬ 
volving the conversion of substances having a 
phenanthrene skeleton to derivatives of fluorene 
and vice versa^ e.g. alkaline fusion of phen- 
anthrenequinone yields 9 - oxyfluorene - 9 - car¬ 
boxylic acid (Schmidt and Bauer, Ber. 1905, 38, 
3738) while phenanthrene is obtained during 
the pyrolysis of methylfluorene (Graebe, ibid. 
1904, 87, 4145). Oxidation with chromic acid 
yields fluorenone {q.v.) ; with potassium perman¬ 
ganate, o-phthalic acid; with fused caustic potash, 
o-phenyll^nzoio acid; while heating with sulphur 
or distillation over heated lead oxide yields bis- 
diphenylene-ethane and bisdiphenylene-ethylene 
(red needles, m.p. 188°). Vapour phase oxida¬ 
tion with air in the presence of steam at 300- 
600° over vanadium pentoxide as catalyst gives 
rise to fluorenone (U.S.P. 1892768). R^uction 
with hydriodic acid and red phosphorus yields a 
decah^rofluorene, C13H2Q (Schmidt, Ber. 1907, 
40, 4566; 1908, 41, 4228); dodecahydroflttorene, 
C13H28, was described by Spiegel (ibid. 1908, 41, 
886; 1909, 42, 919). The decahydride and 
dodecahydride are obtained together on heating 
fluorene with hydrogen in the presence of nickel 
oxide below 2^° and 120 atm. (Ipatiev, ibid. 
1909, 42, 2093). Hydrogenation at 300° and 
153 atm. over oxides of cerium and osmium gives 
93% dodecahydrofluorene; with nickel oxide 
action is slower and decahydrofluorene is formed 
(Sadikov and Michailov, ibid. 1928, 61 [BJ, 1792). 
With nitric acid (sp.gr. 1*4) in glacial acetic acid, 
2’niirofluorene (ne^es from 50% acetic acid, 
m.p. 166°) is formed (Diels, ibid. 1901, 84, 1769; 
Kuhn, Organic S^theses, 1933, XIII, 74). 
Fuming nitric acid in glacial acetic acid solution 
gives 2:1-dinitrofluorene (m.p. 334°) and also 
the 2:5-derivative, (m.p. 207°) separable by 
crystallisation from acetic acid (Morgan and 
Thomason, J.C.S. 1926, 2691; Courtot, Ann. 
Chim. Phys. 1930, [x], 14, 6), Nitration of 
9-sub8tituted derivatives proceeds similarly, 
but frequently oxidation occurs simultaneously 
with the formation of substituted fluorenones 
(Anantakrishnan and Hughes, J.C.S. 1935, 
1607 ; Langecker, J. pr. Chem. 1931, [ii], 182, 
145; Huntress and Qiff,^ J. Amer. Chem. Soo. 


1932, 54, 826). Z-Nitrofluorene has been ob¬ 
tain^ from 3-nitro-2-aminofluorene by treat¬ 
ment of the derived diazonium salt with 
cuprous oxide (Bardout, Anal. Asoc. Quim. 
Argentina, 1931, 19 117). Sulphuric acid in 
acetic anhydride solution (Wedekind and 
Stiisser, Ber. 1923, 56, [B], 1661) or chlor- 
sulphonic acid gives fltU)rene-2-8idphcmic acid 
(m.p. 154'6°); nirther sulphonation gives the 
2:l‘disulphonic acid (Courtot and Geoffroy, 
Compt. rend. 1924, 178, 2269; Schmidt, 
Retzlaff and Haid, Annalen, 1912, 890, 217). 
Chlorination in chloroform solution at 0° gives 
the 2-chloro- (m.p. 142°) and 2:7-dichloro- (m.p. 
164—165°) derivatives. These are difficult to 
separate but oxidation of the mixed chloro- 
compounds with sodium dichromate in acetic 
acid yields a separable mixture of the corre¬ 
sponding chloro-fluorenones. According to Buffie 
(Helv. Chim. Acta, 1932, 15, 1483), 2-chloro- 
fluorene is best prepared in benzene or acetic 
acid solution at 80-^° in the presence of iodine. 
Bromination in chloroform gives 2-bromo- 
fluorene (m.p. 110°), difficult to separate from the 
accompanying dibromo-derivative (Courtot and 
Vignati, Bull. Soc. chim. 1927, [iv], 41, 58). At 
113-116°, 2 mol. of bromine yield 2:7-dibromo- 
fluorenCf m.p. 166-167° (Graebe and von Mantz, 
Annalen, 1896, 290, 239). 2-Chlorofluorene and 
2-bromofluorene have been obtained from 2- 
aminofluorene by the Sandmeyer reaction. 9- 
Chloro- (m.p. 92°) and 9-bromo-fluorene (m.p. 
104°) are prepared from 9-fluorenol by the action 
of phosphorus halides. 2-Iodofluorene was pre¬ 
pared in 30% yield from 2-diazonium fluorene 
and Kl solution (Chanussot, Bull. Soc. chim. 
1927, [iv], 41, 1626), and also from fluorenyl- 
hydrazine hydrochloride and aqueous Kl and 
iodine (Korczyflski, Karlowska and Kierzek, 
ibid. 1927, 41, 65). 2-Fluorofluorene (m.p. 100°) 
was prepared from the 2-diazonium fluoborate 
(Bergmann, Hoffmann and Winter, Ber. 1933, 
66 [B], 46). The Friedel and Crafts reaction 
with acid chlorides gives mono- and di-acyl 
and aroyl derivatives which are convenient inter¬ 
mediates for the preparation of amines (by 
Beckmann rearrangement of the oximes) and 
carboxylic acids (oxidation with chromic acid), 
substitution occurring first in the 2-po8ition and 
then in the 7-po8ition (Dziewoflski et al.. Bull. 
Acad. Polonaise, 1932, A, 109, 293; Rocz. 
Chem. 1932, 12, 167 ; 1933, 18, 291; in French). 

Reduction of nitro-compounds with 2n or 
Sn and Hd yields the corresponding amines. 
2-Nitrofluorene on mild reduction with zinc and 
alcohol containing calcium chloride gives 2:2"'- 
azoxybisfluorene (m.p. 279° decomp.), which on 
further reduction with zinc and acetic acid in 
phenol yields 2 (or 2')-amino-l:2' (or 2:3')- 
difluorylamine (Cislak, Eastman and ^nior, J. 
Amer. Chem. Soc. 1927, 49, 2318). 2:7-Diamino^ 
fluorene, m.p. 164°, has been suggested as a 
reagent for the detection of Zn, Cd and Cu 
(Schmidt and Hinderer, Ber. 1931, 64 [B], 1793), 
nitrate ions (Eitel, Z. anal. Chem. 1934, 227) 

and blood, and has been used in the preparation 
of azo-dyes. The following carboxylic acids have 
been obtained by normal methods: 1-, m.p. 245- 
246°, ethyl eater, m.p. 63*6° (Fittig and liep- 
mann, Annalen, 1880,200,16), 2-, yellow crystals 
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subliming at 340®, methyl ester, m.p. 120® 
(Fortner, Monatsh. 1904, 25, 448); 4-, m.p. 176°, 
methyl ester, m.p. 64° (Graebe and Aubin, Aimalen, 
1888, 247, 283). Fluorene forms many addition 
compounds, e.g, with picric acid, m.p. 81®; with 
l:3:5-trinitrobenzene, m.p. 105°; with 2:4:6- 
trinitrotoluene, m.p. 86°, 

FLUORENONE, 

CO ^ 

_1 Jl 

This cyclic ketone was discovered by A. Schmitz 
who heated diphenic acid with its own weight 
of quicklime (Annalen, 1878, 193, 117; c/. 
Fittig and Ostermayer, Annalen, 1873, 166, 376; 
Kerp, Ber. 1896, 29, 228). It is also formed by 
the oxidation of fluorene with chromic acid. 
Graebe and Kateanu (Annalen, 1894, 279, 268) 
used sodium dichromate and acetic acid; Fanto 
recommended the addition of sulphuric acid 
(Monatsh. 1898, 19, 584; c/. J. Schmidt and 
B. Wagner, Ber. 1910, 43, 1797). It may be 
obtained in almost quantitative yields by heat¬ 
ing diphenic acid or anhydride or fluorenone-4- 
carboxylic acid at 360° (Huntress, Hershberg 
and Clipp, J. Amer. Chem. Soc. 1931, 68, 2720; 
Huntress and Chfif, ibid. 1933, 55, 2559). 

The diethyl acetal, 9:9-diethoxyfluorene from 
the corresponding dichloro-compound and 
alcoholic potash, is hydrolysed to fluorenone 
by acids (Smedley, J.C.S. 1906, 87, 1252). 

Fluorenone separates as yellow crystals from 
alcohol, m.p. 83-6-84®, b.p. 341-6°/760, it is 
slowly volatile in steam, insoluble in water and 
easily soluble in alcohol and ether. The solution 
in concentrated sulphuric acid is bright violet 
(Wislicenus and Waldmiiller, Ber. 1908, 41, 
3339, other authors say deep reddish-violet or 
purple-red), it is basic to strong acids (Stobbe 
and Seydel, Annalen, 1909, 870, 136), and the 
nitrate, perchlorate and addition products with 
metallic salts are known. 

Fluorenone can be destructively oxidised by 
chromic acid mixture, alkaline permanganate 
oxidises it very slowly to phthalic acid. Distil¬ 
lation with zinc dust gives fluorene; it is reduced 
to fluorenyl alcohol by sodium amalgam 
(Barbier, Ajm. Chim. Phys. 1876, [v], 7, 604); 
by zinc in glacial acetic acid (Kerp, Ber. 1896, 
29, 230); by zinc dust in alcoholic potash or 
ammonia (Werner and Grob, Ber. 1904, 87, 
2895); by aluminium amalgam in 80% alcohol 
(Cohen, Rec. trav. chim. 1919, 88, 119); and 
by aluminium isopropoxide (Lund, Ber. 1937, 
70 [B], 1620). With zinc dust and acetyl 
cliloride in ethereal solution, a)9-bi8-diphenylen- 
ethylene, o^-diacetoxy-bis-diphenylenethane 
(tetraphenylenepinacone diacetate) and, as chief 
product, tetraphenylenepinacolin are produced 
(Klinger and I^nnes, Ber. 1896, 29, 2154). 

Since phenanthreneqninone (and its deriva¬ 
tives) are converted into 9-hydroxyfluorene-9- 
carboxylic acid (and its derivatives) by warming 
with caustic potash solution (Baeyer, Ber. 1877, 
10, 126, Anschfltz and Schultz, Annalen, 1879, 
196, 60, and others), and the acids lose carbon 
dioxide and undergo oxidation on boiling with 


water in presence of air, substitution derivatives 
of fluorenone can be thus prepared (J. Schmidt 
and K. Bauer, Ber. 1906, 88, 3738; c/. Huntress 
and Cliff, Lc, ; MascareUi, Gazzetta, 1936, 66, 
843). 

Derivatives of fluorenone may also be ob¬ 
tained by diazotisation of substituted o-amino- 
benzophenones and subsequent boiling. 3- 
Methoxyfluorenone, m.p. 99°, is produced in 
good yield by this method (F. Ullmann and 
H. Bleier, Ber. 1902, 85, 4278). 

With bromine or nitric acid, substituent 
groups enter the 2-, 7- and 3- positions in succes¬ 
sion (Schmidt and Bauer, l.c., 3760). 1:8- 
Dinitrofluorenone can be obtained starting with 
9-acetaminofluorene whilst other substitution 
products can be made from the corresponding 
phenanthrenequinone derivatives. 

Fluorenone-oxime, [C 5 H 4 ] 2 -C: N O H, m.p. 195°, 
is obtained from fluorenone and hydroxylamine 
(Spiegler, Monatsh. 1884, 5,195; J. Schmidt and 
J. Soil, Ber. 1907, 40, 4258). Its potassium salt 
results from the action of amyl or ethyl nitrite 
on fluorene in presence of ethereal-alcoholic 
potassium hydroxide (Wislicenus and Wald- 
muUer, Ber. 1908, 41, 3335). The potassium 
salt of oci-9-nitrofluorene results when ethyl 
nitrate is employed. Reduction of the oxime 
gives the imine (Kliegl, Ber. 1910, 43, 2494). 

J. T. H. 

FLUORESCEIN, 



the dyestuff obtained by condensing phthalic 
anhydride with resorcinol (Baeyer, Ber. 1871, 4, 
668 ; cf, U.S.P. 1931049) preferably in presence 
of a condensing agent such as zinc chloride. It 
is of little value as a textile dye-stuff as dyeings 
on silk and wool are very fugitive; its highly 
fluorescent sodium salt is however marketed as 
Vranine. More important are its halogenated 
derivatives, particularly the eosines and eiy- 
throsines; some of these, such as dichloro- 
fluorescein, find application as adsorption 
indicators (Kolthoff, I^uer and Sunde, .1. Amer. 
Chem. Soc. 1929, 51, 3273 ; Bambach and Rider, 
Ind. Eng. Chem. [Anal.], 1935, 7, 165). Its 
formation is used as a test for resorcinol and for 
phthalic acid, its fluorescence being still visible 
at a dilution of 1:40 million. 

FLUORESCENT BLUE. Iris Blue, the 
ammonium salt of tetrabromo-hydroxy-di- 
phenoxazone. 
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FLUORINE. Sym. F. At. wt. 19 00. 
Ampere, in 1810, first pointed out the analogy 
between hydrochloric acid and the gas evolved 
from a mixture of fluorspar and sulphuric acid ; 
he assumed the existence of an element similar 
to chlorine, and further that the acid obtained 
from fluorspar was a hydrogen compound. 
Berzelius and Davy, a few years later, more 
fully established this view. 

The name fluorine was given to the supposed 
element on account of its being a constituent 
of fluorspar. Many attempts were made to 
isolate the element, but they failed, largely 
because of the great affinity of fluorine for other 
elements. It was not until 188(5 that Moissan 
developed a satisfactory electrolytic method of 
preparation {vide infra). 

Occurrence .—Fluorine occurs almost ex¬ 
clusively in the combined state. Very small 
amounts of the free element have, however, 
been detected in certain specimens of fluorspar. 
The chief fluorine minerals are calcium fluoride, 
CaFg fluorite or fluor-spar {q.v.) and sodium 
aluminium fluoride, 3NaF, AIF« cryolite 
which are the main raw materials for the pre¬ 
paration of fluorine and its compounds. 

Combined fluorine is found in many other 
minerals, among which the apatites and phos¬ 
phorites are of special note. Its presence in 
conjunction with silica in phosphate minerals 
used in the preparation of superphosphate gives 
rise to silicon tetrafluoride, which must be 
eliminated by special methods (Sisco, Trans. 
Electrochem. Soc. 1924, 46, 16). River and 
spring water may contain dissolved fluorides, 
varying in amount from a fraction of a milligram 
to 6 rag. per litre. Fluorine compounds have 
also been detected in volcanic gases. In the 
animal kingdom combined fluorine occurs as a 
normal constituent of the enamel of teeth, in 
bone, and in marine shells, while it has been 
shown to be present in the tissues in association 
with phosphorus. It is also found in varying 
small amounts in the vegetable kingdom, e.g. in 
certain grasses, in fossil woods, in grapes, and 
in malt extract. It is apparently of great 
importance in the animal economy and is also 
essential for the development of certain plants. 

Isolation of Fluorine.—^Attempts to isolate 
elementary fluorine which were made prior to 
Moissan’s successful application of the electro¬ 
lytic method in 1886 included the decomposition 
of metallic fluorides {e.g. CeF4,H20 or PbF4) 
by heat, the decomposition of metallic fluorides 
{e.g. AgF) by other halogens, and the action of 
oxidising agents on fluorine compounds. Some 
at least of these early attempts met with failure 
only on account of the special difficulties in¬ 
herent in the isolation of the new element. 

The isolation of fluorine was achieved for 
the first time by Moissan (Compt. rend. 1886, 
102,1643). It had been known since the time of 
Faraday that anhydrous hydrofluoric acid was a 
bad conductor of the electric current. Moissan 
discovered that it became conducting when it 
contaiped a small quantity of potassium 
hydrogen fluoride, KF.HF, and it was the 
electrolysis of the resulting solution which first 
yielded the element in the free state. The 
apparatus employed consisted of a platinum- 

VOT.. V_1ft 


iridium U-tube 9-6 cm. high and 1‘5 cm. dia¬ 
meter (Fig. 1), each limb of wliich was provided 
with a hollow cylinder screwed into it. These 
cylinders were closed by fluorspar plugs (F) 
through which the electrodes passed. The 
cathode was of platinum and the anode of an 
alloy of platinum with 10% of iridium. In the 
early experiments this apparatus was cooled in 
a bath of boiling methyl chloride (—23°), but 
in later work a mixture of acetone and carbon 
dioxide snow was used. Hydrogen was evolved 
at the cathode and fluorine at the anode, the 
rate of gas evolution being 1-5-2 0 litre per hour. 
Attack of the electrodes was considerable, the 
loss being about 1 g. of electrode material per 
ampere-hour. In 1899 Moissan improved his 
apparatus by substituting a copper IJ-tube for 
that of platinum. This contained 200 c.c. of 



anhydrous hydrogen fluoride and 50 g. of the 
acid fluoride. A current of 15-20 amperes at 
50 volts was used. Anhydrous hydrogen 
fluoride was prepared by treating a known 
volume of commercial hydrofluoric acid with 
sufficient potassium carbonate to neutralise 
about a fourth part, the mixture being then 
distilled in a leaden retort heated in an oil- 
bath at 120°. This distillation eliminates silica, 
which remains in the residue as potassium 
fluosilicate. The distillate was converted to 
the acid fluoride, KF,HF, by partial neutralisa¬ 
tion with potassium carbonate. This salt was 
dried completely, first on a water bath at 100° 
and then over fused potash in vacuum. The 
dried salt was then distilled in a copper vessel, 
the first portions of distillate being rejected as 
containing traces of water. A copper, silver or 
platinum receiver may be used. The anhydrous 
acid bods at 19-6°. 

Moissan also electrolysed the double fluoride 
itself, which fuses to a colourless liquid. The 
experiment was done, as before, in a U-tube of 
platinum, but the latter was strongly attacked. 
Modem methods of preparing fluorine are based 
on this experiment, the electrolytes most 
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commonly employed being either molten 
potassium hydrogen fluoride (m.p, 227°) or the 
molten compound KF,3HF (m.p. 65°). 

Various cells have been developed in recent 
years for the laboratory preparation of fluorine. 
Moiasan’s experiments with KF,3HF were fol¬ 
lowed up by Lebeau and Damiens (Compt.) 
rend. 1925, 181, 917), who employed a nickel 
anode and a cathode of either nickel or copper. 
Their method, modified in detail, is described by 
Cady and Henne in a recent publication 
(Inorganic Syntheses, Vol. I. Editor-in-Chief: 
H. S. Bootii. McGraw-Hill Publishing Com¬ 
pany, Ltd. 1939). The electrolyte is contained 
in a cylindrical pot of **Monel'' metal or steel, 
which serves as the cathode. The anode is a 
co-axial cylinder of nickel, supported inside a 
cylindrical copper diaphragm. The electrolyte 
is prepared by the addition of anhydrous 
hydrogen fluoride, which may be obtained in 
some localities as a technical product, to the 
acid fluoride KF,HF. The optimum operating 
temperature is 73-75°. 

E. I. Du Pont de Nemours and Co. (B.P. 
425979) have described a cell for the production 
of fluorine by the electrolysis of a nearly 
saturated solution of KF,HF in anhydrous 
hydrogen fluoride. The cell is constructed of 
an alloy steel, and a nickel anode is supported 
inside a perforated steel cylinder. Freden- 
hagen and Kreflft (Z. Elektrochem. 1929, 35, 
670) recommend the use of an electrolyte with 
1-8 g. molecule of hydrogen fluoride per gram- 
molecule of potassium fluoride. In a cell 
described by Mathers and Stroup (Trans. 
Electrochem. Soc. 1934, 66, 113) the electrolyte 
is the acid fluoride of caesium, CsF,2HF, 
which melts at 19°, the cell being constructed of 
magnesium. 

Ruff and Ascher (Z. anorg. Chem. 1929, 183, 
193) have drawn attention to the possible use 
of cobaltic fluoride, CoFg, as a source of fluorine. 
This substance, which must be produced from 
cobalt or cobaltous fluoride and fluorine, evolves 
fluorine when heated and might be found to 
afford a ready means of generating small 
amounts of the gas as required. 

Electrolysis of the acid fluoride KF,HF in 
the molten state has been described by a number 
of authors. Argo, Mathers, Humiston and 
Anderson (J. physical Chem. 1919, 23, 348) 
have used an apparatus constructed of copper, 
with a carbon anode surrounded by a perforated 
copper diaphragm. The electrolyte (KF,HF) 
is maintained in the molten condition at 
225-250° by an external winding of resistance 
wire. Meyer and Sandow (Ber. 1921, 54 [B], 
759) have developed this apparatus further, and 
make use of a pot of Acheson graphite as a 
container for the molten electrolyte. This also 
serves as a cathode, the anode being constructed, 
as before, of carbon. Predenhagen (Chem. 
Ind. 1929, 22, 197; G.P. 493873, 1928) also 
used the acid fluoride KF,HF as electrolyte, 
together with a graphite anode. The molten 
electrolyte may be held in an electrically heated 
pot of silver or copper, which served as the 
cathode. Jones (J. physical Chem. 1929, 33, 
801) employed a vessel of magnesium, together 
with a carbon anode, while Bchumb and Gamble 


(J. Amer. Chem. Soc. 1930, 52, 4302) used monel 
metal for the outer pot. In an apparatus de¬ 
scribed by Denbigh and Whytlaw-Gray copper 
was used (J.S.C.I. 1934, 53, 139T). Dennis, 
Veeder and Rochow (J. Amer. Chem. Soc. 1931, 
53, 3263) devised a V-shaped cell, constructed 
of heavy copper tubes, brazed at the junction, 
and carrying graphite electrodes held in bakelite 
plugs. Miller and Bigelow (J. Amer. Chem. Soc. 
1936, 58,1585) use a nickel U-tube as a container 
for the molten acid fluoride. This type of cell 
was used in studies on the fluorination of organic 
compounds. In a cell described by Bodenstein 
(Chem. Fabr. 1935, 8 , 283) the constructional 
material is electron metal with welded joints. 
The anode is of graphite and the cathode of 
silver. Electrolysis is carried out at 250°, and 
the electrodes are inserted through the bottom 
of the cell. 

There is little indication in the literature of 
the relative merits of the above cells. In all of 
them the use of carbon anodes leads to con¬ 
tamination of the fluorine by carbon fluorides. 
Swelling of the carbon anodes as a result of the 
formation of the interstitial compound, carbon 
monofluoride, is a further source of difficulty. 
It is also essential to operate with anhydrous 
materials. Booth {op. cit. Vol. I, p. 137) states 
that the high temperature method, using K F, H F 
as electrolyte, is to be recommended for ordinary 
laboratory purposes and for intermittent use. 
Full details for the construction and operation 
of a high-temperature copper cell are given by 
Booth {op. cAt.). A fluorinated rubber prepara¬ 
tion for producing a film which protects metal 
parts against fluorine has been described recently 
(I.G. Farbenind., G.P. 642883). 

Purification of Fluorine.—Fluorine as 
obtained in Moissan's apparatus contains small 
quantities of hydrogen fluoride, which may be 
removed by passage through a copper tube 
cooled to —80°, and then through two tubes 
packed with sodium fluoride, which is converted 
into the acid salt. It is essential to operate 
with an electrolyte which is anhydrous, as 
otherwise the gas evolved always contains the 
oxide FjO. When fluorine is prepared with 
carbon anodes the gas evolved may contain 
carbon fluorides, as well as ozone, oxygen and 
fluorine oxide, which can be separated only by 
a tedious process of fractionation. For many 
purposes such, for example, as the direct 
fluorination of organic compounds, purification 
of fluorine is not necessary. In determining 
physical properties of the element, however, 
it is essential. Passage of the gas through a 
tube cooled in a bath of liquid air rich in oxygen 
removes impurities other than oxygen, fluorine 
oxide and a trace of carbon tetrafluoride. T}ie 
first two of these impurities arise from the 
presence of moisture ifl the electrolyte or 
apparatus and are normally removed by 
oj^rating the cell for a considerable period 
(Cady and Hildebrand, J. Amer. Chem. Soc. 
1930, 52, 3839; see also Aoyama and Kanda, 
Bulk Chem, Soc. Japan, 1937,12, 409, 456, 458, 
463, 469, 473, 511, 522. The series of publica¬ 
tions by the last-mentioned authors gives 
considerable information on the manipulation 
of fluorine). 
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Atomic Weight of Fiuorine. —The atomic 
weight of fluorine was determined by Davy over 
seventy years before Moissan isolated the 
element, his method consisting of the trans¬ 
formation of calcium fluoride to calcium 
sulphate. The values obtained varied from 
18*82 to 19*03. Other early determinations were 
made among others by Berzelius, Dumas and 
Moissan. Aston’s mass spectrographic measure¬ 
ments showed that the element had no isotopes, 
and gave an atomic weight of 19*00 (Phil. 
Mag. 1920, 40, 628). Moles and his co-workers 
have carried out a series of precise determina¬ 
tions of the density of methyl fluoride, the most 
recent of which gave an atomic weight of 18*998 
(Gazzetta, 1926, 66, 916). Smith and van 
Haagen (Carnegie Inst. Washington, Publ. 
No. 267, 1918) found a value of 19*(K)2, based on 
the ratios 2 NaF/Na 2 B 407 and Na^SOJ NaF, 
while McAdam and Smith founci the value 
19*0133 from a study of the conversion of 
NaCI to NaF (J. Amer. Chem. Soc. 1912, 84, 
692). Determinations of the density of methyl 
fluoride by means of the buoyancy balance 
have given the value 18*996 (Cawood and 
Patterson, Phil. Trans. 1936, A, 236, 77). 
Moles and Toral (Z. anorg. Chem. 1938, 236, 
225) measured the density of silicon tetra- 
fluoride and, taking the atomic weight of silicon 
as 28* 104, found that of fluorine to be 
18*995i:0 001. 

Physical Properties. —Gaseous fluorine has 
a pale-yellow colour. Its absorption spectrum 
in the visible and near ultra-violet regions is 
continuous in character and shows a maximum 
absorption at about 2,800a. The index of re¬ 
fraction (A5890a) is 1*00195. Brockway (tJ. 
Amer. Chem. Soc. 1938, 60, 1348) determined 
the internuclear distance in the fluorine mole¬ 
cule by means of electron diffraction measure¬ 
ments as 1*45±0*05a, a value which is 14% 
greater than that to be expected for a normal 
single covalent linkage. The molecular dia¬ 
meter, derived from viscosity measurements 
with the gas, is 3 •02a (Kanda, Bull. Chem. Soc. 
Japan, 1937, 12, 463). The ionisation potential 
is about 17 volts (Dingle, Proc. Roy. Soc. 1926- 
27, A, 118, 323). 

Fluorine is diamagnetic. Its specific suscepti¬ 
bility and atomic susceptibility, deduced from 
measurements on fluorinated organic com¬ 
pounds, are —0*345x 10~* and —6*66 x 10“* 
respectively (Pascal, Bull. Soc. Chim. 1911, 
[iv], 9, 7; 1912, [iv], 11, 117, 204). The 

magnetic moment, measured by the molecular 
beam method, is 2*636i 0*014 nuclear magnetons 
(Rabi, Millman, Kusoh and Zacharias, Physical 
Rev. 1938, [ii], 58, 495). The dielectric constant 
of liquid fluorine varies from 1*566 at —183*6° 
to 1*487 at -186*5° (Kanda, Bull. Chem. Soc. 
Japan, 1937, 12,'473). The surface tension of 
liquid fluorine varies from 14*61 at -216*0 to 
9*86 at -188*2° (Kanda, ibid, 469). 

The boiling-point was determined as —188*2°, 
which agrees with a later value of —188° 
(Aoyama and Kanda, Bull. Chem. Soc. Japan, 
1937,12, 416). The melting point is —217*8°, 
and on cooling below this temperature the solid 
changes in colour from yellow to white at 
—253®. The heats of raporisation and of 


fusion are 1,436 and 340 g.-cal., respectively. 
Cady and Hildebrand {lx.) determined the 
critical temperature directly as —129°, corre¬ 
sponding to a critical pressure of 65 atm. 
The entropy of fluorine is 48*6 g.-cal. per degree 
at 26° and 1 atm. (Gamer and Yost, J. Amer. 
Chem. Soc. 1937, 59, 2738). The density of 
liquid fluorine is 1*14 at —200° and 1*108 at the 
boiling point. 

The vapour pressure of fluorine was measured 
by Cady and Hildebrand (J. Amer. Chem. Soc. 
1930, 52, 3839). The following are some of 
their values : 


Temperature 

(Abs.) 

72*63 

75*88 

78*96 

81*19 

84*13 

86*99 


Vapour Pressure 
(cm.) 

14*64 

23*83 

36*68 

49*32 

68*64 

86*60 


Liquid fluorine is not miscible with liquid 
air. A saturated solution of chlorine in liquid 
fluorine at —195° contains 1*04% of chlorine 
(Aoyama and Kanda, Bull. Chem. Soc. Japan, 
1937, 12, 465). 

Various values are given in the literature for 
the normal potential of the fluorine electrode. 
Neumann and Richter (Z. Elektrochem. 1925, 
81, 481) obtained values between 1*91 and 
1*93 volts from measurements on the fused 
fluorides of lithium, sodium, potassium, calcium, 
strontium, barium, magnesium and beryllium. 
Abegg {ibid. 1903, 9, 669) gives a value of 
1*96 volts, but Latimer (J. Amer. Chem. Soc. 
1926, 48, 2868) obtained the value 2 *85 ±0*04 
volts from thermal data. The mobility of the 
fluoride ion at 25° is 40*2 and 54*4 in methyl 
alcohol and water, respectively (Hartley and 
Raikes, Trans. Faraday Soc. 1927, 23, 393). 


Reactions of Fluorine. 

The great reactivity of elementary fluorine 
has resulted in the preparation of a large number 
of derivatives. Methods of fluorination other 
than those involving the direct action of the 
element are known, and will be described in 
some detail later (p. 278c). The reactions out¬ 
lined below are those of fluorine itself, and the 
properties of the reaction products are referred 
to in detail only in a few instances of special 
interest. A full account of the metallic and 
non-metallic fluorides is given under the general 
chemistry of the element in question. 

Fluorine and hydrogen were said by Moissan 
and Dewar to react explosively, even when solid 
fluorine was mixed with liquid hydrogen at 
—262°. V. Wartenberg and Fitzner, however (Z. 
anorg. Chem. 1926, 151, 313), o^erved con¬ 
siderable induction periods in the reaction of 
the two gases at approximately 20°. Bodenstein 
and Jockusch {ibid. 1937, 281, 24) also found 
that fluorine and hydrogen scarcely reacted at 
room temperature in a magnesium vessel. In 
platinum the reaction was explosive at room 
temperature but slow at —80°. These authors 
suggested that the reaction took place by a 
chain mechaiuam in which fluorine atoms played 
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a part. Aoyama and Kanda (Bull. Soc. Chem. 
Japan, 1937, 12, 521) confirmed that solid 
fluorine reacted explosively with liquid hydrogen, 
but found that such mixtures were stable in 
fine capillaries. Mixtures of the gases were 
stable in old glass vessels, and it was suggested 
that silicon tetrafluoride inhibited reaction. 

Amorphous boron inflames in fluorine without 
the application of external heat and forms the 
gaseous fluoride, BFg. Carbon will also bum in 
fluorine, and, in 1890, Moissan isolated the 
compound CF 4 in an impure state from the 
reaction products. Ruff and Keim (Z. anorg. 
Chem. 1930, 192, 249) prepared the pure 
tetrafluoride (b.p. -—130°) by the same reaction 
and showed that the fluorides CgFg, CgFg and 
probably other members of the series up to 
^ 6^14 formed simultaneously. It is note¬ 
worthy that the fully fluorinated ethylene 
derivativ^o C 2 F 4 (b.p. -76-3°) is not formed in 
this reaction, but has been obtained by burning 
a carbon arc in carbon tetrafluoride and 
fractionating the product. A solid carbon 
monofluoride (CF}^ is formed when ** Norit,"* an 
activated carbon, is heated at 280^ and 25 mm. 
pressure in a stream of fluorine. The swelling 
of carbon anodes used in the electrolytic prepara¬ 
tion of fluorine is duo to the formation of the j 
solid monofluoride. This compound, which has I 
an ionic lattice, decomposes when heated and 
forms a mixture of carbon fluorides, together 
with free carbon. 

Silicon bums to the tetrafluoride in a stream 
of fluorine. There is no direct reaction between 
fluorine and nitrogen, although nitrogen 
trifluoride, NFj (b.p. —119°) has been obtained 
by Ruff, Fischer and Luft {ibid. 1928, 172, 417) 
by the electrolysis of fused anhydrous acid 
ammonium fluoride, (N H 4 )H Fj, in an electrically 
heated copper cell at 125°. Unlike nitrogen 
trichloride this compound has a positive heat of 
formation and is comparatively stable. Thus, it 
is unchanged by dry glass, water or dilute 
alkalis. It explodes when mixed with hydrogen 
and sparked. 

Phosphorus and arsenic burn in gaseous 
fluorine, forming either the tri- or pentafluorides. 
Sulphur also bums in fluorine. Moissan and 
Lel^au isolated the hexafluoride SFg (v.p. 

1 atm. at 62°) from the products, and recently 
Denbigh and Whytlaw-Gray (J.C.S. 1934, 
1346) isolated a second fluoride of the com¬ 
position SjFjq from the less volatile fractions 
of the fluormation products from sulphur. It 
is believed that two other sulphur fluorides, 
SFj and SjFj, also exist, but they are not 
formed directly from the elements. Selenium 
and tellurium also react very readily with 
fluorine, the final products of reaction being 
the hexafluorides SeFg and TeFg. 

Reaction of Fluorine with Metallic 
Elements.—^The reaction of fluorine with the 
metallic elements is, as a rule, vigorous and 
yields the metallic fluorides. Sodium and 
potassium inflame if exposed to the gas at 
room temperature. Calcium and magnesium * 
are attacked at room temperature with great 
evolution of heat. Lead is attacked vigorously 
in the cold, but with metals such as mercury, 
aluminium, iron, chromium and manganese 


attack at room temperature is limited to the 
formation of a surface film, and a certain amount 
of external heat must be applied in order to 
obtain further reaction. Bismuth suffers only 
a superficial attack by fluorine, even at a red 
heat. Copper and gold are likewise attacked 
extensively only at a red heat. Silver is 
attacked slowly in the cold: at 100 ° the metal 
becomes covered with a yellow film of the 
anhydrous fluoride. At a dull red heat reaction 
occurs with incandescence. Osmium burns in 
fluorine when heated above 250°, but palladium, 
iridium and ruthenium are attacked only at a 
red heat. Platinum is strongly attacked at 
500-600°, reaction being accelerated by the 
presence of hydrogen fluoride. 

The majority of the metallic compounds of 
fluorine are easily fusible, and when ignited 
in a current of steam many of them are converted 
into the corresponding oxides, whilst hydro¬ 
fluoric acid is formed. The fluorides of silver 
and tin are easily soluble in water, whilst those 
of sodium, potassium and iron are only sparingly 
soluble. They are all decomposed when heated 
in sulphuric acid, with evolution of hydrofluoric 
acid. Solutions of the soluble fluorides corrode 
glass, and they give no precipitate with silver 
nitrate, as the fluoride of silver is soluble. Lead, 
barium, magnesium and calcium salts produce 
insoluble precipitates. Many metallic fluorides 
combine with hydrofluoric acid to form acid 
fluorides, the most familiar examples of which 
are the acid fluorides of potassium which are 
used in the electrolytic preparation of the 
element. 

Action of Fluorine on Various Inorganic 
Compounds. —^Moissan observed that fluorine 
displaces the other halogens from hydrogen 
chloride, bromide or iodide. Hydrogen sulphide 
was also decomposed with inflammation, 
sulphur fluorides and hydrogen fluoride being 
formed. Ammonia was found to burn in an 
atmosphere of fluorine to give free nitrogen and 
hydrogen fluoride (Moissan, Ann. Chim. Phys. 
1891, [vi], 24, 249). Thionyl chloride was 
converted by fluorine to thionyl fluoride, and 
phosphorus pentoxide was attacked at a dull 
red heat and formed a mixture of phosphorus 
trifluoride and oxyfluoride. Arsenious oxide 
was also violently attacked, but Moissan, to 
whom these observations are largely due, did 
not isolate the products. He reported that 
fluorine was without action on the oxides of 
carbon, but according to Humiston (J. physical 
Chem. 1919, 28, 572) carbon monoxide is 
decomposed in the presence of active carbon 
with formation of carbon fluorides. Phosgene 
reacts with fluorine and Humiston (l.c.) sug¬ 
gested that the product was carbonyl fluoride. 
This compound (b.p. —83°) has been prepared in 
a pure state by Ruff and Miltsohitzky (Z. anorg. 
Chem. 1934, 221, 164) by passing carbon 
monoxide over silver difluoride, AgFj. It was 
found by these authors that carbon monoxide 
and fluorine reacted explosively when sparked. 

Dry silica is not attacked by fluorine in the 
cold, nor is dry glass appreciably attacked, 
provided the gas is free from hydrogen fluoride. 
The reaction of fluorine with metallic oxides was 
studied by Moissan (l.c.); the product consists 
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of the metallic fluoride, mixed in some cases 
with the oxyfluoride. It was found to be 
necessary as a rule to heat the oxide more or 
less strongly in order to initiate reaction. 

Moissan’s studios on the reactions of gaseous 
fluorine included qualitative observations with 
a large number of inorganic compounds. 
Chlorides, bromides and iodides of a number of 
metals and non-metals were attacked with 
displacement of the halogen and the formation 
of a fluoride. Cyanogen was found to bum in 
fluorine, and cyanides, ferrocyanides and 
thiocyanates were completely decomposed, 
either in the cold or on warming gently. Potas¬ 
sium sulphate was decomposed at a red heat, 
but under the same conditions potassium nitrate 
was unattacked. Phosphates were more readily 
attacked than were sulphates, and the carbon¬ 
ates of sodium, calcium and lead became 
incandescent when exposed to a stream of the 
gas. Borates of the alkali metals were found to 
resist the action of fluorine, even at a dull red 
heat, but other borates were attached more 
readily. 

Interhalogen Compounds Containing 
Fluorine. —The formation of interhalogen 
compounds is most pronounced in the case of 
those members of this group which contain 
fluorine. Binary compounds of the composition 
CIF (b.p. —100°) and BrF (b.p. 20°) are 
known. Chlorine monofluoride, which is almost 
as reactive as fluorine itself, is formed when the 
elements are heated together at 250° (r/. Chem. 
Soc. Annual Kept, 1933, 30, 129). Bromine 
monofluoride is formed when bromine is 
saturated with fluorine at 10°. It is less 
stable than the chlorine compound, and readily 
disproportionates into bromine and bromine 
trifluoride. Treatment of chlorine or its mono¬ 
fluoride with excess of fluorine at 250° yields 
the trifluoride, CIFg (b.p. 13°), which, like the 
monofluoride, is an extremely reactive sub¬ 
stance. It is prepared and manipulated in 
apparatus constructed entirely of copper. 
Bromine trifluoride (b.p. 127°) is also formed 
from the elements. The pentafluorides of 
bromine and iodine have boiling points 40*5° 
and 97°, respectively. The first is formed from 
the elements at 200°. The iodine compound, 
was first prepared by Gore by heating 
iodine and silver fluoride (Phil. Mag. 1871, [iv], 
41,309). Moissan obtained it from the elements. 
The only other known compound of this type 
containing fluorine is the heptafluoride, IF^, 
which was prepared by Ruff and Keim by the 
fluorination of iodine pentafluoride (Z. anorg. 
Chem. 1930,198, 176). Ruff and his co-workers 
are responsible for most of the investigations in 
this field. 

Oxidising Properties of Fluorine.— 
Reaction of fluorine with water yields oxygen 
and hydrogen peroxide (Lebeau and Damiens, 
Compt. rend. 1927, 186, 662; 1929, 188, 1263). 
These authors claim that earlier reports of the 
formation of ozone in this reaction are attribut¬ 
able to the presence of fluorine monoxide in the 
fluorine. Tnese reactions will probably account 
for the marked oxidising action of fluorine on 
a variety of aqueous solutions. Fichter and 
his collaborators have carried out numerous 


investigations in this field. Thus, for example, 
they have observed the conversion of cobaltous 
salts to salts of tervalent cobalt (Helv. chim. 
Acta. 1926, 9, 1093). Manganese dioxide is 
precipitated from a solution of manganous 
sulphate by the action of fluorine, or, if a sufii- 
cient conce3ntration of sulphuric acid be j^resent, 
permanganic acid is formed. Addition of a 
fluoride or of free hydrofluoric acid to an elec¬ 
trolyte also facilitates anodic oxidation. Thus 
Skirrow (Z. anorg. Chem. 1902, S3, 25) obtained 
greater yields of chromic acid by electrolysing 
chromic sulphate in presence of hydrofluoric 
acid than in presence of sulphuric acid. In¬ 
creased yields are also obtained in the electrolytic 
preparation of porsulphates by the addition of a 
soluble fluoride (Miiller, Z. Elektrochem. 1904, 
10, 753, 776). 

Fluorine Oxides.—Fluorine forms two 
oxides, FgO and FgOg. The first of these 
compounds, fluorine monoxide^ was discovered 
in 1927 by Lebeau and Damiens (Compt. rend. 
1927, 185, 652). It was formed, together with 
fluorine and oxygen, in the electrolysis of the 
molten acid fluoride KF,2HF when the latter 
contained small amounts of water. An im¬ 
proved method developed by the same authors 
{ibid. 1929, 188, 1253) consists of bubbling 
fluorine through 2% aqueous sodium hydroxide 
solution. The reaction is :— 

2F2+2Na0H = 2NaF+F20+H20 

The monoxide may be obtained in a 70% yield, 
and is purified by fractional distillation. The 
boiUng point and melting point are —144*8° 
and -223*8°, respectively. The oxide is de¬ 
composed by solutions of alkalis with liberation 
of oxygen. It is a very reactive gas and is 
decomposed when heated with the majority 
of metals, forming a mixture of the metallic 
oxide and fluoride. It explodes when sparked 
with hydrogen or when heated with chlorine. 
One of the most striking facts about fluorine 
monoxide is that it is not itself explosive, as is 
chlorine monoxide. The heat of formation is 
variously given as —4,600 g.-cal.±2,000 g.-cal. 
(Ruff and Menzel, Z. anorg. Chem. 1930, 190, 
257) and —11,000 g.-cal.±2,000 g.-cal. (vonWar- 
tenberg and Klinkott, ibid. 1930, 193, 409). 
Fluorine monoxide has strong oxidising pro¬ 
perties; thus it will oxidise benzene to hydro- 
quinone and quinone. The gas is sflghtly 
soluble in water (6*8 c.c. per 100 c.c. at 0°), 
but the solution does not have the acidic 
properties to be expected in a solution of hypo- 
fluorous acid. Hypofluorites are not formed 
on treating solutions of alkalis with fluorine 
monoxide. The aqueous solutions have, 
however, strong oxidising properties (e.g, 
Cr-’-^CrO/). 

The fluorine oxide FgOg was first prepared by 
Ruff and Menzel {ibid. 1933, 211, 204) by 
pumping an equimolecular mixture of fluorine 
and oxygen at a pressure of 15-20 mm. through 
a quartz discharge tube cooled in liquid air. 
The oxide separates as a yellow solid which 
decomposes into its elements at temperatures 
above —100°. It was formerly thought that the 
decomposition yielded a new oxide, FO, but 
this conclusion is now known to be erroneous. 
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Oxyacids of Fluorine.—The two acids 
HFO and HFO3 are at present unknown, 
although there are certain indications that their 
salts exist. Thus, although it has already been 
seen that fluorine does not form an acid solu¬ 
tion in water, the action of fluorine on 50% 
potassium hydroxide solution at —50° gives a 
product which, even after evaporation and fusion 
of the residue, has marked oxidising properties, 
which are probably due to a hypofluorite or a 
fluorate (Dennis and Rochow, J. Amer. Chem. 
Soc. 1933, 66 , 2431). It has also been observed 
that when a molten mixture of potassium hy¬ 
droxide and potassium fluoride is electrolysed 
in a silver crucible, which serves as cathode, and 
with a graphite rod as anode, the product 
probably contains a certain amount of fluorate. 

Reaction of Fluorine with Organic 
Compounds.—The reaction of free fluorine 
with organic compounds is, in general, violent. 
Moissan’s observations (c/. “ Le Fluor,” 1900) 
showed that carbon tetrafluoride and carbon 
are common products. Various alcohols were 
shown to inflame at room temperature. Ethyl 
acetate was attacked, as were various halo- 
genated carbon derivatives. Paraffin was 
attacked when slightly warmed, and Humiston 
(J. physical Chem. 1919, 23, 572) showed that, 
with acetone, explosions were liable to occur 
even when the reactants were cooled to —80°. 
The same author attempted to moderate the 
action of fluorine by dilution with nitrogen, and 
this method appears to offer a means of using 
gaseous fluorine as a fluorinating agent. 

In recent years methods for the direct 
fluorination of organic compounds have been 
developed, although the use of one or other of 
the fluorinating agents described in the next 
section is more common. Thus, for example, 
Calfee and Bigelow (J. Amer. Chem. Soc. 1937, 
69, 2072) were successful in fluorinating ethane 
directly over a copper gauze catalyst by a 
continuous process. A good yield of hexa- 
fluoroethane was obtained, together with carbon 
tetrafluoride and a small amount of a product 
which was believed to be methyl fluoroform. 
Hexachloroethane and fluorine react under 
similar conditions and give a 20 % yield of 
tf-C 2 Cl 4 F 2 (Miller, Calfee and Bigelow, ibid. 
1937, 69, 198). This method of fluorination 
was suggested by Fredenhagen and Cadenbach 
(Ber. 1934, 67 [B], 928); they found that for 
fluorination in the gas phase dilution with at 
least 15 vols. of nitrogen was necessary if 
inflammation was to be avoided. Various 
liquids {er.g. toluene, cresol or hexane) were 
fluorlnated by allowing fluorine diluted with 
nitrogen to pf^ts over the liquid surface, while a- 
fluorlnated derivative of palmitic acid (2I%F.) 
was obtained by similar treatment of a carbon 
tetrachloride solution of the acid. An alterna¬ 
tive method is to dissolve the material to be 
fluorlnated in hydrogen fluoride, or a fluorlnated 
hydrocarbon, and to expose the liquid to the 
action of fluorine in presence of a catalyst such 
as antimony pentachloride. Benzene when 
fluorlnated in this way in hydrogen fluoride 
solution at —70° gave a product containing 
46 per cent, of fluorine (13. I. Du Pont de 
Nemours and Co., B.P. 429691). 


Fluorinating Agents.—The possibility of 
fluorinating organic compounds by the action 
of fluorides was realised in the last century by 
Swarts (Bull. Acad. roy. Belg., 1892, [iii]24, 309, 
474 ), who used antimony trifluoride in presence 
of antimony pentachloride or bromine for this 
purpose. This gave a ready means of replacing 
chlorine or bromine atoms in organic mole¬ 
cules by atoms of fluorine (see also Swarts, Bull. 
Soc. Chim. 1924, [iv], 36, 1557). This method 
has been applied recently in the preparation 
of a range of volatile compounds, some of which 
(e.g. CCIgF^ and CCI3F) have been applied in 
refrigeration plant. Thus, fluorine may be 
substituted for chlorine in carbon tetrachloride 
with great ease by treating the tetrachloride with 
antimony trifluoride in presence of antimony 
pentachloride and a yield of about 90% of 
CClgFg may be obtained. This difluoride, 

I which boils at —30° does not corrode metals 
and is non-inflammable and of low toxicity. 
It is utilised in refrigeration plant (Midgley 
and Henne, Ind. Eng. Chem. 1930, 22, 542). 
This substance and other partially fluorinated 
derivatives of CCI4 are also claimed as useful 
components of fire extinguishers. Midgley and 
Henne have obtained CgCljFg by passing 
carbon tetrachloride over calcium fluoride and 
antimony sulphate at 80°/56 lb. per sq. in., 
using a trace of antimony pentachloride as 
catalyst (U.S.P. 2013062, 1935). Henne has 
also described the use of chlorine as a catalyst 
for the fluorination of aliphatic halides (e.g. 
CCI4 or CgCle) (U.S.P. 1990692, 1935). 

Numerous applications of antimony trifluoride 
in this field have been described (« 6 c, for example, 
Henne et al., J. Amer. Chem. Soc. 1936, 68, 
402, 887; 1938, 60, 864, 2491). Antimony 

trifluoride has also been used as a fluorinating 
agent for halogenated inorganic compounds. 
Here, again, the reaction proceeds smoothly. 
From phosphorus trichloride, for example, a 
mixture of PFg, PFoCI and PFCIj was 
obtained (c/. Booth el at., J. Amer. Chem. Soc. 
1932, 64, 4750; 1933, 66, 3890; 1934, 66, 
1631; 1935, 67, 1333; 1936, 68, 63). 

A number of alternative fluorinating agents 
are available. These include the fluorides of 
mercury, silver, thallium, lead and zinc, and, 
in addition, hydrogen fluoride itself. Thus, 
to quote these examples, Henne and Renoll 
(ibid. 1938, 60, 1060) found that mercurous 
fluoride gives good yields of alkyl fluorides from 
the iodides or bromides. Schumb and Gamble 
used anhydrous zinc fluoride to prepare hexa- 
fluorodisilano from hexachlorodisilane. They 
note that this method is not satisfactory for 
the fluorination of hexachloroethane (ibid. 1932, 
54, 583). The fluorination of triphosphonitrile 
chloride, P 3 N 3 CI 2 , by means of plumbous 
fluoride was found to give a mixture of products, 
but this particular reagent was more suitable for 
the reaction than either zinc fluoride or silver 
fluoride. The use of hydrogen fluoride as a 
fluorinating agent is referred to in a later section. 

HYDROGEN FLUORIDE, HF 

Hydrogen fluoride is a liquid which boils 
at 19*6° and freezes at —83°. It forms a 



FLUORINE. 


279 


colourless gas with an irritating odour, and is 
freely soluble in water. The aqueous solution 
has acidic properties and is known as hydro- 
^uoric acid. The anhydrous material has no 
acidic properties. Concentrated solutions of the 
acid were first prepared in 1771 by Scheele by 
the action of concentrated sulphuric acid on 
fluorspar. Its corrosive action on glass was, 
however, known in the seventeenth century. 

Anhydrous hydrogen fluoride may be prepared 
from anhydrous potassium hydrogen fluoride, as 
already described (p. 273d). The preparation is 
rendered difficult by the great reactivity of the 
compound, by its hygroscopic nature and by 
the fact that it reacts chemically with de¬ 
hydrating agents such as phosphorus pentoxide 
and sulphuric acid. Fredenhagen and Caden- 
bach (Z. anorg. Chem. 1929, 178, 289) have 
published details of the preparation of the 
anhydrous fluoride for use in their studies on 
its solvent action. The last trace of water is 
given up by potassium hydrogen fluoride only 
after it has been heated to above 500°. Simons 
(J. Amer. Chem. Soc. 1924, 46, 2175) has shown, 
however, that water can be removed completely 
from the acid fluoride by electrolysis. For a 
convenient laboratory method of preparing 
anhydrous hydrogen fluoride, v. Booth, op. cit., 
p. 134. 

The technical production of the anhydrous 
fluoride represents a relatively new development 
in this industry. It is bound up with the 
production of the concentrated aqueous acid, 
which is based on the interaction of fluorspar 
and concentrated sulphuric acid. 

CaF 2 +HjS 04 -CaS 04 + 2 HF 
The decomposition is effected in a leaden retort, 
divided into two halves for convenience in 
cleaning. These fit together by an accurately 
grooved joint. The receiver is also of lead, 
and should be cooled in a freezing mixture. 
Ruff and Braun (Ber. 1914, 47, 646) recom¬ 
mend the use of 90% sulphuric acid. When 
97-100% acid is employed a 60% yield of acid 
of 95-96% strength is obtained. With sulphuric 
acid containing 50-60% of sulphur trioxide the 
product consists of fiuoroaulphonic a>cid (g.v.), 
which is a thin colourless liquid, fuming in 
moist air. 

CaFa-f H3804-|-2S03=CaS04+2HS03F 

The above process for preparing hydrofluoric 
acid has been adapted for continuous operation. 
Thus, for example, the use of a rotating 
cylindrical retort has been described (U.S.P. 
1842092; 5e€ also B.P. 462131, 1935). Acid 
containing between 95 and 99% of HF, which 
is a common product of the first distillation 
process, may be rendered anhydrous by distil¬ 
lation in a copper or iron vessel through a 
packed fractionating column at 15° (U.S.P. 
2018397). 

To prepare the aqueous solution on a large 
scale, a leaden retort, on the upper part of 
which a leaden head can be cemented, is used; 
the neck of the retort fits into the side of a 
leaden receiver or chamber, in which water is 
placed. The acid vapour is absorbed by the 
water, and air, with any excess of acid vapour, 
is passed into the atmosphere. 


A difficulty in the preparation of hydrofluoric 
acid arises from the presence of sihca in the 
fluorspar. This leads to contamination of the 
product with hydrofluosilicic acid, which is 
particularly undesirable if the acid is to be 
used in the manufacture of cryolite for the 
aluminium industry. Attempts have been 
made to separate silica by utilising the difference 
in densities (SiOg, d 2*65; CaFg, d 3*18). 
Alternatively, powdered fluorspar may be 
freed from silica by heating under pressure 
with caustic soda solution, when sodium silicate 
is formed (I’.P. 612142, 1925). When fluorspar 
is treated with increasing quantities of con¬ 
centrated sulphuric acid, silicon tctrafluoride 
is contained in the first distillate, and is 
dissolved in water and rejected (F.P. 540332, 
1921). 

The common impurities in the commercial 
acid are water, sulphurous, sulphuric and 
hydrofluosilicic acids and lead. Various methods 
of purification have been described. The 
impure acid may be purified by passing an 
excess of hydrogen sulphide through the liquid, 
neutralising the sulphuric and hydrofluosilicic 
acids present with potassium carbonate, then 
decanting and adding silver carbonate to 
remove excess of hydrogen sulphide. After 
filtering, the filtrate is distilled from a leaden 
retort with a platinum receiver and finally 
rectified. The anhydrous acid may be stored in 
copper vessels, which are, however, attacked by 
the aqueous acid. Platinum and lead vessels 
are also suitable. The dilute acid may be stored 
in lead or gutta percha, though the latter is 
slowly attacked (Maier, Chem.-Ztg. 1935, 59, 
1025). Ceresin bottles are now very commonly 
employed for storing the acid solutions. 

Hydrofluoric acid prepared by the action of 
sulphuric acid on cryolite has the advantage 
that the starting materials may be obtained 
free from silica. Other methods of preparing 
hydrogen fluoride or its aqueous solution— 
which are, however, of little practical interest— 
are: by the direct union of the elements, by 
the action of hydrogen on the fluorides of lead 
or silver, and by the action of water on certain 
non-metallic fluorides. 

Physical Properties of Anhydrous 
Hydrogen Fluoride. —Gaseous hydrogen 
fluoride is colourless. Its ultra-violet absorption 
spectrum consists of a series of bands, with a 
maximum absorption at A2,800 a (Siga and 
Plumley, Physical Rev. 1935, [ii], 48, 105). 
The molecular refraction for the D line is 1*90 
(Fajans and Joos, J. physical Chem. 1924, 23, 1). 
The nuclear separation in the molecule is 
0*864 A., the dipole moment of unassociated 
HF being 1*58 Debye units {Cl»,rk, Physikal. 
Z. 1934, 35, 622). The dielectric constant is 
174-8 at -73^ 134-2 at -42° and 83-6 at 0° 
(Fredenhagen and Dahmlos, Z. anorg. Chem. 
1928, 178, 272). 

The vapour density of anhydrous hydrogen 
fluoride was measured by Thorpe and Hambly 
(J.C.S. 1889, 55, 163). Their results for 

temperatures between 26-4° and 88-1° are 
tabulated below. The derived values of the 
molecular weight show a continuous change. 
The theoretical densities corresponding to the 
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formulffi HF, HjFj and H 3 F 3 are 0-6908, 
1-3816 and 2-0724, respectively. 


Tempera¬ 
ture °C. 

Pressure 

mm. 

V.D. 

Alr»l. 

Mol. 

weight. 

26-4 

745 

1-773 

61-18 

27-8 

746 

1-712 

49-42 

29-2 

750 

1-678 

45-64 

32-0 

743 

1-377 

39-74 

33-1 

760 

1-321 

38-12 

33-8 

758 

1-270 

36-66 

36-3 

739 

M15 

32-20 

38-7 

751 

1-021 

29-46 

39-2 

743 

1-002 

28-94 

42-8 

741 

0-910 

26-26 

47-3 

745 

0-823 

23-76 

57-5 

760 

0-737 

21-28 

69-4 

746 

0-726 

20-96 

88-1 

741 

0-713 

20-58 


Gaseous hydrogen fluoride is evidently 
associated, but there is no decisive evidence as 
to the molecular species present. It is commonly 
supposed that HgFg is present, but the density 
can exceed considerably the value corresponding 
to this formula. Simons and Hildebrand (J. 
Amer. Chem. Soc. 1924, 46, 2179) consider that 
the vapour is composed of an equilibrium 
mixture of HF and H 3 F 3 . Fredenhagen (Z. 
anorg. Chera. 1934, 218, 161) showed that the 
vapour density of hydrogen fluoride at the 
boiling point corresponded with the formula 
(HF) 3 . 5 . This association factor was found to 
be 4-27 at —34® (Fredenhagen, ibid. 1933, 210, 
210 ). 

The vapour pressure curve of hydrogen 
fluoride was examined by Gore (J.C.S. 1869, 
22, 368). Recently Claussen and Hildebrand 
(J. Amer. Chem. Soc. 1934, 66 , 1820) have 
represented the vapour pressures of HF and 
of its deuterium analogue in the pressure range 
5-76 cm. by the following relationships : 

HF: logi3p(cm.)=6-3739-1316-79/T 
DF; logiol?(cm.)=6-2026-1261-16/T 

The boiling point is 19-5° and the melting point 
—83® (Simons and Hildebrand, J. Amer. Chem. 
Soc. 1924, 46, 2179). The molecular elevation 
of the boiling-point is 1-90 (Fredenhagen and 
Cadenbach, Z. physikal. Chem. 1933, A, 164, 
201). The latent heat of vaporisation is 97-5 g.- 
cal./g. (Simons and Bouknight, J. Amer. Chem. 
Soc. 1933, 55, 1468). 

The critical temperature of hydrogen fluoride 
is 230-2° (Bond and Williams, ibid. 1931, 53, 
34). The densities and surface tensions of the 
liquid in the ranges —76° to + 6 ° and —80° to 
-f 19°, respectively are given by the relationships 
below, due to Simons and Bouknight {ibid. 
1932, 54, 129). 

d-:1 0020-0 0022626<+0-000003126i’* 

y=40.7[l-T/jo,.,]>’» 

Measurements of the specific heat of the solid 
and liquid have been carried out by Dahmlos 
and Jung for the temperature range —176° to 0° 
(Z. physikal. Chem. 1933, B, 21, 317). For 


measurements with gaseous HF, see Clusius, 
ibid. 1930, B, 8 , 427. 

The heat of formation of hydrogen fluoride is 
given by Wartenberg and Schiitza (Z. anorg. 
Chem. 1932, 206 66 ) as 64-45 kg*.cal. Ruff and 
Menzel {ibid. 1931, 198, 375) give 64-0 kg.-cal. 
The heat of dissolution at a dilution of 1 mol. 
of HF in 400 mol. of HjO is 11,560 g.-cal. 
(Wartenberg and Fitzner, ibid. 1926, 151, 
313). 

Aqueous Hydrofluoric Acid —Anhydrous 
liquid hydrogen fluoride is miscible in all 
proportions with water. Densities of the 
resulting solutions are tabulated below (Do- 
mange, Compt. rend. 1934, 198, 469). 


Weight % 


5-06 . . 

. . 1-017 

10-1 . . 

. . 1-035 

20-25 . . 

. . 1-072 

29-8 . . 

. . 1-108 

39-9 . . 

. . 1-149 

63-8 . . 

. . 1-205 


Cady and Hildebrand have studied the freezing 
points of these aqueous solutions (J. Amer. Chem. 
Soc. 1930, 52, 3843), and have shown that the 
hydrates HF,H 20 , 2 HF,H 20 and 4 HF,H 20 
are formed. A constant boiling mixture is 
formed with water, which boils at 110 - 8 ° under 
a pressure of 732 mm., and contains 38-18% of 
of HF (Muehlberger, J. physical Chem. 1928, 
32, 1888). Pranschke and Schwiete have 

recorded the specific heats of these solutions 
(Z. anorg. Chem. 1936, 223, 225). Fredenhagen 
and Wcllmann (Z. physikal. Chem. 1932, 162, 
454) measured the conductivity of aqueous 
solutions at dilutions of 0-5-10,000 litres, and 
found that the dilution law was not valid even 
at the highest dilution. 

Anhydrous Hydrogen Fluoride as a 
Solvent. —Although anhydrous hydrogen 
fluoride has a low specific conductivity 
(1-4 X Id"* mho.) it is capable of dissolving 
numerous inorganic and organic compounds 
and the resulting solutions are in many instances 
good conductors. H. Fredenhagen (Z. anorg. 
Chem. 1939, 242, 23) has shown that in addition 
to metallic fluorides, which dissolve with 
dissociation into metallic and fluoride ions, 
alkali-metal iodates and perchlorates also 
dissolve in anhydrous hydrogen fluoride 
without decomposition. By means of these 
solutions it was possible to precipitate thallous 
perchlorate from a solution of thallous fluoride 
in anhydrous hydrogen fluoride. Other per¬ 
chlorates were also soluble, as was sodium 
sulphate. The latter could be used to pre¬ 
cipitate silver sulphate from a solution of silver 
fluoride in hydrogen fluoride. Such ionic 
reactions are, however, limited to a few instances, 
and the majority of inorganic compounds 
are decomposed by anhydrous hydrogen 
fluoride. 

Certain organic compounds also yield con¬ 
ducting solutions in hydrogen fluoride. These 
include substances such as alcohols, ethers, 
ketones, and organic acids, and it is thought 
that the ions in such conducting solutions are 
the fluoride anion and a complex cation formed 
by a combination of the organic molecule with 
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the hydrogen ion. This mode of ionisation is 
illustrated by the examples below. 

+HF^[(C2H5),0'Hr +F' 
CHgOH +HF^[CH30HH]* -fF' 

CH3C0aH+HF?=i[CH8C02HHr+F' 

Evidence for this mode of ionisation is derived 
from measurements of the molecular con¬ 
ductivity and the molecular elevation of boiling 
point of the solutions. The alkyl fluorides do 
not give conducting solutions in anhydrous 
hydrogen fluorides while a number of organic 
compounds, among which are the saturated 
hydrocarbons, are practically insoluble (Klatt, 
Z. anorg. Chem. 1937, 234, 189). 

Chemical Properties of Hydrogen 
Fluoride. —^Anhydrous hydrogen fluoride at¬ 
tacks the alkali and alkaline earth metals. 
Aluminium is attacked at 100°, and zinc, 
cadmium, iron, chromium and copper at a red 
heat. Platinum and gold are attacked at 
1,000°. Aqueous hydrofluoric acid attacks all 
the metals with the exception of lead, gold and 
the platinum metals. 

Other reactions of hydrogen fluoride have 
been somewhat incompletely studied, probably 
owing to manipulative difficulties. Sulphur 
trioxide is converted to fluorosulphonic acid 
(Thorpe and Kirmann, J.C.S. 1892, 61, 921). 
Moissan found that phosphorus pentoxide and 
HF yield the oxyfluoride, POF 3 (Bull. Soc. 
Chim. 1891, [iii], 6, 458). The anhydrous 
fluoride is said to attack finely divided, pre¬ 
cipitated silica, but not quartz or sand. Schwarz 
(Z. anorg. Chem. 1912, 76, 422) states that the 
different varieties of silica are attacked at 
different rates by the aqueous acid. Thus 5% 
acid gives 96-6% attack for amorphous silica, 
76*3% for tridymite, 74-3% for cristobalite 
and 30*1% for quartz. The attack of the 
vapour of hydrofluoric acid “ frosts ” glass, 
while the aqueous acid produces a transparent 
etching effect {vide infra). It is claimed that 
glass is unattacked by rigorously dried hydrogen 
fluoride. Most of the metallic oxides are 
attacked by aqueous hydrogen fluoride, reaction 
being more marked when the fluoride of the 
metal in question is soluble in water. Von 
Haagen and Smith (J. Amer. Soc. Chem. 1911, 
88, 1504) have examined the action of gaseous 
hydrogen fluoride on certain metallic oxides (AI, 
rare earths, Ti, Zr, Th, Ta) and have found 
that fluorides are formed. A number of metallic 
and non-metallic halides are converted by 
hydrogen fluoride to the corresponding fluorides. 

The action of hydrogen fluoride on organic 
compounds is as a rule violent. It is, however, 
finding applications as a fluorinating agent. 
Grosse and Linn, for example, have studied the 
direct addition of H F to olefinic compounds, and 
find such a reaction to be possible in a number 
of instances: thus ethylene, when it is heated 
to 90° under pressure with anhydrous H F 
will give an 80% yield of ethyl fluoride. Simons 
and Lewis {ibid. 1938, 60, 492) obtained 75- 
yields of benzotrifluoride from benzotri- 
chloride and gaseous hydrogen fluoride. Again, 
hydrogen fluoride in presence of a catalyst has 
b^n used to obtain fiuoroparaffins from other 


j halogenoparaffins (U.S.P. 2062743, 1936). 

j Simons and Archer (J. Amer. Soc. Chem. 1938, 
60, 986) have also used hydrogen fluoride as a 
condensing agent; thus, in presence of HF at 
0°, CgHg with CgHg gives PhPr^. 

Use of Hydrofluoric Acid. —The oldest use 
of this compound is in etching glass. In making 
the graduations on a thermometer the tube is 
first coated with engravers’ etching varnish; 
the divisions are then accurately traced with 
a fine-pointed instrument through the varnish. 
The tube is then plunged for a short time into a 
long tube containing dilute hydrofluoric acid, 
when, after cleaning the thermometer tube, it 
will be found to be permanently engraved. If 
the engraving is done by the vapour of hydro¬ 
fluoric acid, the tracings are white and opaque, 
whereas, if the liquid acid be employed, the 
lines are transparent. 

There are three processes in use for the 
preparation of opaque etchings on glass; 
viz. the application of (a) solutions of an acid 
fluoride of the alkalis ; {b) a mixture of fluorspar 
with sulphuric acid; and (c) hydrogen fluoride 
gas. The following recipes illustrate the com¬ 
position of five etching baths of type {a): 


Water .... 
Acid potassium 

1,000 

100 

1,000 

1,000 

1,000 

fluoride . 

250 

— 

— 

— 

— 

Sodium fluoride 

— 

— 

40 

250 

— 

Ammonium fluoride 

— 

— 

— 

— 

1,000 

Alkali fluoride . 

— 

8 

— 

— 

— 

Hydrochloric acid . 

250 


, — 

160-175 

— 

SiDphurlc acid . 

— 

1 

— 

— 

250 

Olacial acetic acid. 

— 

— 

1 50 

— 

— 

PotaHslum sulphate 

140 

1 — 


200 


Ammonium sulphate 


i “ i 



100 


(The quantities are expressed in grams) 


In practice an acetic acid solution of sodium 
fluoride is much used, and is prepared by 
dissolving 26 parts of sodium carbonate crystals 
in 5 parts of fuming hydrofluoric acid, and 
adding to 1 litre of this solution, after clarifying, 
1 litre of glacial acetic acid. For light shades of 
etching, a single application of the acid is 
sufficient, but for deeper shades repeated 
applications are necessary, as is the case in 
etching landscapes, etc., on glass. An etched 
glass surface viewed by the microscope has the 
appearance of an aggregation of crystals. 
Smaller crystals are formed from concentrated 
solutions, and the smaller the crystals the more 
delicate is the etching. The strength of an 
etching solution must be varied according to the 
compound used, and regard must also be paid 
to the kind of glass to be operated upon. The 
application of gaseous hydrofluoric acid does 
not produce a uniform opacity, and is, therefore, 
not suitable for the production of opaque plates. 

Reference has already been made to the 
application of hydrofluoric acid in the manu¬ 
facture of synthetic cryolite for the aluminium 
industry. A further use which is likely to 
develop is to be found in the manufacture of 
fluorinated organic compounds, the production 
of which has already been described. The 
ultimate source of the fluorine for the prepara¬ 
tion of fluorinating agents other than fluorine 
itself is either fluorspar or cryolite. 
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Antiseptic Properties of Fluorine Com¬ 
pounds. —W. Thompson found that the com¬ 
pounds of fluorine, such as hydrofluoric acid, 
the acid and neutral fluorides of sodium, 
potassium and ammonium, are effective as 
antiseptics. Free hydrofluoric acid retards the 
activity of yeast, 6-6 mg. per 100 c.c. of 
sucrose solution arresting fermentation. Potas¬ 
sium fluoride, up to the same strength, however, 
augments it (Effi*ont, Bull. Soc. chim. 1891, [iii], 
6 , 476). The free acid promotes the activity 
of diastase by retarding lactic and butyric 
fermentations (Effront, ibid, 1891, [iii], 4, 337, 
627; 1892, [iii], 6 , 786), and its application 
in brewing has been suggested (Just, J.S.C.I. 
1902, 21, 131). Acid ammonium fluoride is 
used for disinfecting rubber hose-pipes in 
breweries, as it is a powerful antiseptic and does 
not attack the rubber. Fluorides have also been 
used as preservatives for sweet wines and beer, 
but are now illegal {v. Food Preservatives). 

Physiological Action of Fluorine and 
Hydrofluoric Acid.—Gaseous fluorine has an 
irritant action on the membranes of the eyes, 
nose and respiratory system. Its action on the 
skin is said by Ruff to resemble that of hydro¬ 
fluoric acid (v. infra), while the effect of volatile 
fluorides is also said to be similar. Gaseous or 
aqueous hydrogen fluoride produces painful 
and slow-healing wounds on contact with the 
skin. The action of liquid anhydrous hydrogen 
fluoride is similar, but more vigorous. Bums 
produced by hydrofluoric acid vapour may be 
treated (as a first-aid measure) by the frequent 
application of dressings moistened with sodium 
bicarbonate solution. Fredenhagen and Well- 
mann (Angew. Chem. 1932, 45, 637) recommend 
the application of a paste of magnesium oxide 
and glycerol, or, in severe cases, the sub¬ 
cutaneous injection of 20 % aqueous magnesium 
sulphate. Inhalation of hydrofluoric acid vapour 
was found to be slightly irritant at concentrations 
as low as 0*016 mg. per litre (Machle and Kitz- 
miller, J. Ind, Hyg. 1936,17, 223), 

Hydrofluosilicic Acid, HjSIF^.—Aqueous 
solutions of this acid are prepared by heating 
a mixture of sulphuric acid and fluorspar, sand 
or glass, and passing the evolved silicon tetra- 
fluoride into water. The reaction taking place is : 

3SIF4+4H,0=2H,8iFe+Si(0H)4 

Blockage of the silicon tetrafluoride inlet tube 
by gelatinous silica is avoided by placing its 
end under a layer of mercury and allowing the 
gas to escape into the water from the mercury 
surface. Tlie water should be at 60-70®. The 
gelatinous solution is filtered, and concentrated 
by evaporation at a temperature below 40®. 
Above this temperature the acid itself vaporises 
with the water vapour. The acid may also be 
prepared by the action of aqueous hydrofluoric 
acid on silica, or by the decomposition of 
calcium fluosilicate with sulphuric acid. 

Pure hydrofluosilicic acid cannot be obtained. 
In its aqueous solutions the equilibria H.SiF. 
^ 8 IF 4 + 2 HF and 8 IF 4 + 2 H, 0 ^ 4 HF^- 8 I 0 ^ 
are established. Dissociation of the acid, 
according to the first of these equations, takes 
place when attempts are made to conoentmte the 
acid beyond a certain point, A solution con¬ 


taining 13*3% of the free acid may be distilled 
unchanged. Density measurements with solu¬ 
tions containing up to 34% of the acid have 
been made by Stolba (J. pr. Chem. 1864, [i], 
90, 193). The density of a 34% solution is 
1*3162. 

Bauer and Glaesner (Ber. 1903, 86 , 4209) 
have studied the distillation of aqueous solutions 
of the acid. Those containing more than 13*3% 
of acid, on evaporation, lose silicon tetrafluoride 
more rapidly than they lose hydrogen fluoride, 
and hydrolysis of the former produces silicic 
acid in the distillate. The distillate from a 
weaker acid contains free hydrogen fluoride. 
The dilute aqueous solutions of the acid are 
strongly hydrolysed. Strong aqueous solutions 
of the acid fume strongly, though the acid itself 
does not attack glass. 

The salts of hydrofluosilicic acid (the fiuo- 
silicates or silicofluorides) may be obtained by 
the action of the aqueous acid on metallic 
oxides or carbonates, or by the action of silicon 
tetrafluoride on metallic fluorides {see, for 
example, B.P. 367922, 1931). They are soluble 
in water, except the salts of sodium, potassium 
and barium, which are very sparingly soluble 
(BaSijF-, 1 part in 3,802 of H.O). For 
details of solubilities and methods of analysis, 
see Worthington and Haring, Ind. Eng. Chem. 
[Anal.], 1931, 8 , 7. 

Fluosilicates are isomorphous with titani- 
fluorides and stannifluorides. They evolve 
silicon tetrafluoride when heated, and when 
treated with concentrated sulphuric acid the 
free acid is liberated and dissociates into silicon 
tetrafluoride and hydrogen fluoride. Fluo¬ 
silicates are decomposed by alkali into a silicate 
and a fluoride. 

Fluosilicates have been employed in hardening 
calcareous stone surfaces. They are also applied 
as insecticides and for the preservation of 
timber (c/. Daric, Chim. et Ind. 1934, 81, 1016; 
Pflug, Angew. Chem. 1932, 46, 697). The 
fluosilicates possess more powerful antiseptic 
properties than do the fluorides. Both fluorides 
and fluosilicates are toxic and chronic poisioning 
may result from the presence of fluorides in 
drinking water. The solutions have only a very 
slight alkaline taste. The use of silicofluorides 
for food preservation is illegal. 

For qualitative and quantitative methods of 
analysing fluorides and fluosilicates, v, Chemical 
Analysis, Vol. II, pp. 671o, 676a, 695a, 607c, 
666d. 

H J E 

FLUOROCYCLENE, A hydro^ 

carbon obtained in 30% yield by heating ace- 
naphthene with PbOj at 200 ®. Crystallises in 
orange-yellow rhombohedra with violet-blue 
fluorescence, m.p. 396-397°. From its reactions 
with bromine and consideration of its absorp¬ 
tion spectra the following formula has been 
proposed (Dziewofiski and Suszko, Ber. 1926, 
58 [B], 723). 

H,CiopH*CH*CioH, 

C C 

H«C,o*CH CH C^He 
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FLUOROFORM, CHFg, is obtained to¬ 
gether with CHIFj and CHIjF by heating at 
80° a mixture o f HgF, CHI 3 and CaFj 
(33-4:20:40) and fractionating the product at 
- 30° to —40° at which temperature pure 
fluoroform is separated from the other two pro¬ 
ducts, in yield about 45% of the theoretical (Ruff 
et cU.f Ber. 1936, 69 [B], 299). Henne obtained 
a yield of 80% by warming a mixture of CHBr^ 
with Br and excess SbFj at 4 atm. and treating 
the resulting CHBrFj, after purification, with 
HgF, at about 60° under 12 atm. (J. Amer. 
Chem. Soc. 1937, 69, 1200). Fluoroform has 
b.p. —84-4/760 mm. and m.p. —160°; it is 
almost completely chemically and physiologically 
inert. 

FLUOR-SPAR. Fluor, or Fluorite. (Ger. 
Flussspat; Fr. Fluorine.) A common mineral 
composed of calcium fluoride (CaFj), crystal¬ 
lising in the cubic system. It is frequently 
found as well-developed crystals, usually cubes, 
but occasionally as octahedra ; interpenetrating 
twinned cubes are common. An important 
character is the possession of perfect cleavages 
parallel to the faces of the octahedron. Sp.gr. 
3-18; hardness 4 (the mineral can be scratched 
with a knife). The crystals have a bright 
vitreous lustre, and are frequently transparent; 
they may be colourless or various shades of 
purple, green, yellow, pink, etc., the mineral 
displaying a very extensive range of colour. 
Dull cleavage masses and massive material, 
sometimes quite compact or earthy, are of 
abundant occurrence. 

The cause of the colour of fluor-spar has long 
been a subject of discussion, and although not 
yet definitely determined, it may, in some cases 
at least, be ascribed to the presence of traces 
of organic matter. Some crystals undergo a 
change in colour when exposed to sunlight; for 
example, certain greens are changed to purple. 
Changes in colour are also effected when the 
crystals are exposed to the cathode rays, or to 
the rays emitted by radium salts. Many 
crystals are decolorised when heated to a 
temj^rature ranging from 220° to 300°. The 
heating of the mineral is usually accompanied 
by a bright phosphorescence (thermo-lumines¬ 
cence), violent decrepitation, and the liberation 
of water and gases (carbon dioxide, carbon 
monoxide, hydrogen, nitrogen, argon and 
oxygen). The water which distils off is some¬ 
times brown, and has a strong “ empyreumatic ” 
odour; and it is on this account, together with 
the fact that the mineral is decolorised at a 
low temperature, that the colour has been 
ascribed to organic matter. It must, however, 
be remarked that the water and gases, and 
possibly also any organic matter present, are 
contained in the fluor-spar in vast numbers of 
cavities, usually of microscopic dimensions, but 
sometimes large enough to show a moving 
bubble when a crystal is turned about in the 
hand. A remarkable phenomenon, sometimes 
associated with the colour of fluor-spar, is that 
of fluorescence; this is best displayed by 
certain purple or green crystals from Weardale, 
Co. Durham. A crystal, which by transmitted 
light is pinkish or greenish, exhibits when viewed 
in reflected light a rich plum-blue colour with a 


velvety softness which has the appearance of 
being diffused immediately beneath the surface 
of the crystal. This effect is destroyed when 
the crystals are heated to 220 or 300°. 

Fluor-spar occurs under a variety of con¬ 
ditions : in cavities in granite rocks, in veins of 
tin-ore, occasionally as a cementing material in 
sandstone, and most abundantly as an associate 
of lead-ore in veins traversing limestone. Some 
of the veins in limestone, consisting almost en¬ 
tirely of pure massive fluor-spar, have a thick¬ 
ness of 20 feet. The whole of the production 
in England, amounting at the present time to 
about 40,000 tons per annum, is from north 
Derbyshire, and Weardale in Co. Durham, where 
it is obtained chiefly as a by-product in lead¬ 
mining. Formerly, when there was little or no 
demand for fluor-spar, this mineral was thrown 
out on the waste heaps; and now that the 
material is of value, these extensive waste heaps 
are being worked over. A considerable amount, 
some 60,000 tons per annum, is mined in the 
United States, principally in southern Illinois 
and western Kentucky. Curiously, however, a 
I large portion of the English fluor-spar is ex¬ 
ported to America. Smaller quantities are 
obtained in Bavaria, Saxony, France and Spain. 

The name fluor, from the Latin jiuOt to flow, 
was used in the form fiuores lapidea by G. 
Agricola in 1529, and has reference to the use of 
this mineral as a flux in metallurgical operations. 
Within recent years, its application in this 
direction has been very considerably extended, 
and now large amounts are used in the manu¬ 
facture of iron and steel, chiefly in the basic 
open-hearth process, and of ferrosilicon and 
ferromanganese. If not contaminated with too 
much silica (not over 3 or 4%), it acts better 
than limestone for fluxing; but it corrodes the 
furnace-linings, and the resulting slag contains 
less soluble phosphates than normally available 
for fertilisers. To some extent, fluor-spar is also 
used in iron and brass foundry-work, as it pro¬ 
duces a greater fluidity in the metal; in the 
smelting of lead-, copper-, silver- and gold-ores; 
in the electrolytic refining of antimony and lead; 
and in extracting aluminium from bauxite. 
Other applications are in the glass and enamel¬ 
ling industries, and in the manufacture of 
opaline glass. In the form of sand, the mineral 
is used as a binding material in emery-wheels 
and carbon-electrodes, and for mixing with 
mortar and cement. 

Owing to its low refractive index (%»= 1*43386) 
and weak dispersion, clear and colourless fluor¬ 
spar is used with glass for the construction of 
the apochromatic lenses of microscope objec¬ 
tives, but material which is perfectly isotropic 
and sufficiently transparent and free from colour 
is difficult to obtain. A limited amount of suit¬ 
able material can be obtained by decolorising 
by heat the clear purple fluorescent cubes from 
Weardale, Co. Durham; and small colourless 
cubes are abundant in the neighbourhood of 
Matlock, Derbyshire. Suitable material in 
sufficient quantity is said to be found in Illinois; 
and a very promising deposit has been pro¬ 
spected in the Transvaal, between Zeerust and 
Mafeking. Material suitable for optical use has 
also been obtained at Madoc in Ontario. 
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A special variety of fluor-spar, known as 
“ Blue John,” for which the Tray Clift' cavern 
near Castleton in Derbyshire has long been 
famous, has been much used for fashioning 
vases and other small ornamental objects. Al¬ 
though occasionally used as a faceted gem-stone 
on account of the delicate colouring, the mineral 
is much too soft for wear. Beads of fluor-spar 
have been found amongst prehistoric remains in 
North and South America. 

Fluor-spar being the only common mineral 
containing fluorine in large amount (F 48‘9%), 
is used for the preparation of hydrofluoric acid 
and other fluorine compounds. It is slightly 
soluble in hydrochloric acid and in solutions of 
alkali carbonates, and is readily decomposed by 
sulphuric acid even in the cold (on this depends 
its use for etching glass, a process in use long 
before the discovery of the element fluorine). 
Being almost the only substance not attacked 
by free fluorine, it was used by H. Moissan in the 
construction of his apparatus for the isolation of 
this element {v. Fluokine). 

References .—Special Reports on the Mineral 
Resources of Great Britain, Mem. Geol. Survey, 
1916, vol. iv. Fluor-spar, Imp. Min. Res. Bur. 
London, 1921, On the fluor-spar deposits of 
Derbyshire, see C. B. Wedd and G. C. Drabble, 
Tjans. Inst. Mining Eng. 1908, 86, 501; on 
those of Weardale, see W. M. Egglestone, tom. 
cit. 236; a detailed list of fluor-spar localities 
in the north of England is given by J. M. Sweet, 
Min. Mag. 1930, 22, 263-264. On American 
deposits, see H. F. Bain, Bull. U.S. Geol. Survey, 
1906, no. 255; E. 0. Ulrich and W. S. T. Smith, 
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1934, 143, 151; E. Iwase, Sci. Papers Inst. 
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L. J. S. 

FLUX. A term used in metallurgy for the 
material or mixture of materials used in the dry 
assaying and smelting of ores for the purpose of 
combining with earthy materials present and 
removing these as a fluid slag, or for combining 
with and removing impurities from metallic 
substances, or for any material which is fluid at 
a high temperature and protects metallic bodies 
from oxidation. 

All ores contain gangue, either of an acidic 
(siliceous) or of a basic character which would 
generally remain unmelted, retain a considerable 
proportion of the metal and foul the furnace if a 
reducing agent were used alone in the treatment 
of the ore. In order to remove this gangue, it is 
necessary to add fluxes which will combine with 
it to form a slag fusible at the temperature of 
the furnace. 

A distinction may be made between the fluxes 
which are used for assaying and those which 
are used on a large scale for smelting. The 
more important fluxes used in assaying are: 

Sodium Carbonate used for fluxing silica or 
quartz yielding easily fusible and fluid silicates 
of the type xNa^O, ySiO^. It also acts as a 
desulphurising agent and is used for ores con¬ 


taining zinc and tin compounds forming sodium 
zincate and stannate respectively. Sodium bi¬ 
carbonate, NaHCOs, is sometimes employed 
instead of the carbonate but possesses only one- 
half the fluxing power of the latter. 

Sodium Hydroxide, NaOH, occasionally 
used instead of sodium carbonate when the 
charge contains much tin. 

Borax, Na 2 B 407 , lOHjO, used either cal¬ 
cined or as borax glass forms one of the most 
useful fluxes in dry assaying. It melts readily 
and dissolves earthy and metallic oxides forming 
fusible borates. It combines with siliceous 
materials to form a fusible slag which acts as a 
protection against oxidation. 

Silica, SiOg, is used in the form of sand in the 
case of basic or pyritic charges and reduces 
the corrosive action of the bases present on the 
crucibles employed. 

Fluor-spar, CaFg, is a neutral flux and is 
used especially in the presence of phosphates. 
It combines with silica and is a valuable solvent 
for barytes and gypsum. 

As refining fluxes the following may be used: 

Potassium Nitrate or nitre. This is largely 
used as an oxidising agent as it is decomposed 
on heating and yields a large volume of oxygen. 
It is especially useful when melting gold con¬ 
taminated with such impurities as lead and 
copper. 

Ammonium Chloride or sal-ammoniac is 
also used in purifying gold as it is decomposed 
by certain metals in a molten state forming 
metallic chlorides and liberating ammonia. 

The fluxes used in large scale smelting opera¬ 
tions are few in number, and it is essential to the 
economic success of a process that the cost of 
slag-producing materials should be as low as 
possible. An economy is frequently effected by 
using a mixture of ores containing different 
gangue minerals, for example, an ore with a 
siliceous gangue may be mixed in proper propor¬ 
tions with an ore with a basic gangue so that 
no additional flux is needed. In general, the 
character of the fluxes to be us^ must be 
decided by the nature of the ore in such a way 
I that the furnace charge shall contain siliceous 
and basic constituents in the proportions re- 
1 quired to form a fusible silicate containing two 
or more bases. 

Fluxes used on a large scale are of three 
classes: 

(1) Acidic.—Silica as quartz, sand, etc.: 

Natural silicates. Siliceous slags. 

(2) Basic.—Lime or limestone is the most im¬ 

portant, being used in enormous quanti¬ 
ties in iron smelting. Dolomite is also 
sometimes used as a basic flux in the 
smelting of ores of copper, lead, etc. 

(3) N eu t ra I.—Fluor-spar. This is used when 

it is desired to increase the fluidity of a 
slag. It fluxes sulphates of calcium, 
lead and barium; calcium phosphate; 
silica, silicates, etc. It is frequently 
used in the electric-furnace manufacture 
of steel. 

As a refining flux for metals on a large scale, 
sodium carbonate has become very important. 
This is due to its powerful chemical afiSnity for 
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sulphur which it removes from molten iron, it 
has at the same time a refining action on the 
graphite in cast iron, a degasifying action on 
molten metals and a scouring effect which 
eliminates harmful non>metallic inclusions such 
as metallic oxides, silicates, etc. 

In soldering operations fluxes are used to 
protect from oxidation the surfaces of metal to 
l>e soldered and also the solder itself and to 
dissolve any oxide actually formed, the most 
important of these are zinc chloride used in soft 
soldering and borax used in brazing operations. 

C. O. B. 

FLY AGARIC v. Amanita Muscaeia 
(Vol. I, 30()d). 

FOAMS. A foam is a system consisting of a 
concentrated dispersion of gas bubbles in a 
liquid. The gas bubbles may be macroscopic, 
microscopic or ultramicroscopic, whereas the 
layers of liquid which separate them are of 
micronic or sub-micronic dimensions. A foam 
may therefore be considered as a system of 
laminae which enclose gas bubbles in their 
interstices. Such a system is similar in many 
ways to a concentrated emulsion, the dispersed 
component of the foam being air whereas that 
of the emulsion is a liquid. 

The Fobmation or Foams. —Foams are 
generated when gases are agitated with liquids 
and, more readily, when gases are evolved within 
liquids. Pure liquids, however, never give 
foams of more than transient stability. Solu¬ 
tions or suspensions of most capillary-active 
substances such as the higher fatty acids and 
alcohols, gelatin, vegetable gums, proteins, 
etc,, give foams readily on agitation with 
gases; some compounds capable of raising the 
surface tension of water also foam freely. 
Molecular solutions of inorganic substances 
give only extremely unstable foams. 

Types of Foam. —The following is a rough 
classification of foams :— 

(1) Hydrophobic Foams .—These are unstable 
systems which result from the agitation in water 
of surface-active organic substances not capable 
of forming a unimolecular surface film, e.g. amyl 
alcohol, butyric acid. 

(2) Hydrophilic Foams .—This class comprises 
two broad categories. 

(а) Two-phase hydrophilic foams which are 

formed by the agitation of aqueous 
colloidal solutions of film-forming 
organic substances, e.g. saponin, soaps. 

(б) Three-phase hydrophilic foams which 

incorporate a finely divided solid, e.g. 
galena, with or without an additional 
surface-active or film-forming organic 
substance. 

Theory of Foam Stabilisation. —The liquid 
laminas which make up a foam structure will 
tend to contract because of their surface 
energy. The reduction of surface tension which 
is attendant upon the introduction of capillary- 
active substances would therefore be expected 
to impart additional stability to these films and 
hence to increase the stability of the foam. 
Foulk (Ind. Eng. Chem. 1929, 21, 815) points 
out that there is confusion in the literature 
between ease of formation of a foam and its 


stability. These two properties are not neces¬ 
sarily related. Foaming tendency is not easily 
measured, but the time required for a foam to 
subside is essentially a stability measurement. 

The main attribute of a stable liquid film is 
that it possesses great “ elasticity,” that is, the 
solution of which it is composed shall have a 
readily variable surface tension (J. W. Gibbs, 
“ Collected Works,” Longmans Green, London, 
1928, Vol. 1, 300 ff.). For the counteraction of 
mechanical stresses which will result in local ex¬ 
tensions or contractions, the film must be able to 
respond with corresponding rises and falls in the 
surface tension. When permanent differences in 
stress are imposed upon different parts of the 
film, the latter must be able to maintain corre¬ 
sponding difierences in surface tension in its 
different parts. Solutions of many capillary- 
active substances possess this property of readily 
variable surface tension, which is most marked 
at those concentrations where the variation of 
surface tension with changing concentration is 
most rapid, and not at the minimum surface 
tension. In confirmation of the above hypo¬ 
thesis Bartsch found (KoUoid-Z. 1926, 88, 178) 
that the foaming power of solutions of butyric, 
nonylic and caproic acids, and octyl, heptyl and 
amyl alcohols increased with increasing con¬ 
centration over a low concentration range. At 
a certain concentration, however, which corre¬ 
sponded to the sharp diminution in the slope of 
the surface tension/concentration curve, increase 
in concentration was actually attended by a 
decrease in foaming power. With such strongly 
surface-active substances as saponin and 
sodium cholate, which are among the best 
known foaming agents, the foaming power 
completely disappears in saturated and super¬ 
saturated solutions. 

Conditions at the Interface. —When an 
added substance lowers the surface tension of 
a liquid it must, by the Gibbs’ Adsorption 
Isotherm, be concentrated at the interface. 
The isotherm may be expressed in the form: 

U=—where C is the concentration of 

dKj 


the solute, U its excess at the interface and da 
the surface tension change. In the case of 
surface-active substances, surface tension 
decreases with concentration and so U is 
positive. With other materials surface tension 
increases with concentration and a negative 
adsorption takes place. Foulk {l.c.) points out 
that both systems with positive and negative 
adsorption have a tendency to foam. The 
former are, however, by far the more important 
and these only need be considered here. 

When the concentration of a surface-active 
compound is infinitely small, the surface layer 
will be composed entirely of solvent molecules. 
At saturation da/dC will be zero and the surface 
layer will contain only molecules of the solute. 
At neither of these two extremes does foaming 
take place, but only at intermediate concentra¬ 
tions. The heterogeneous surface layer, con¬ 
sisting of molecules of both the surface-active 
substance and the solvent, appears to be an 
essential characteristic of a foaming liquid. This 
heterogeneity no doubt conditions the essential 
elasticity of the foam laminse. 
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On these grounds it is easy to explain the fact 
that high members of the homologous series of 
alcohols, acids, etc., are not efficient foaming 
agents for water. These substances have a 
greater tendency to colloidal solubility and 
therefore give rise to the formation of homo¬ 
geneous molecular aggregates at the surface 
layer. The lower members, on the other hand, 
show molecular solubility but have very low 
surface activity. The intermediate members 
show the optimum relation between hetero¬ 
geneity of the surface film and surface activity. 
This is illustrated by the values in Table 11 
taken from Bartsch (Kolloid-Beih. 1925, 20, 6). 


Table I.—Maximum Foam Stability for 
Homologous Series in Aqueous Solution. 


Solute. 

Optimum 

Cone. 

(Mols./litre). 

Maximum 
duration 
of foam 
(seconds). 

Ethyl alcohol . 

0-28 

60 

Propyl alcohol . 

0-34 

110 

woButyl alcohol 

009 

12 0 

tsoAmyl alcohol 

0036 

170 

terf.-Amyl alcohol . 

0034 

100 

Heptyl alcohol. 

0 0007 

8-0 

Octyl alcohol . 

0 0003 

50 

Formic acid 

0-45 

40 

Acetic acid .... 

0-20 

80 

Propionic acid . 

0-25 

no 

Butyric acid . 

100 

180 

Valeric acid 

0015 

90 

Caproic acid 

00075 

! 130 

Heptylic acid . 

0 0015 

1 160 

Caprylic acid 

0 00025 

' 120 

Nonylic acid . 

0 00007 

50 


Only those organic liquids, such as oleic acid 
and turpentine, which are capable of spreading 
on a water surface act as foaming agents. The 
velocity of spreading is not comparable with the 
rate of increase of surface during the formation 
of the foam, and there is therefore no possibility 
of a homogeneous layer being formed. 

Three-Phase Foams. —Solid substances (such 
as galena, zinc blende, carbon, etc.) which are 
not readily wetted with water and which 
therefore tend to migrate to a water/gas inter¬ 
face may be used as foaming agents for water. 
Their foamii^ power increases with degree of 
dispersion. Thus galena of particle size 120- 
200fi was found by Bartsch (KoUoid-Beih. 
1926, 20, 1) to increase the stability of a foam 
of an aqueous solution of amyl alcohol from 
18 seconds to 60 seconds, whereas galena of 
particle size 60/4 increased the stability to 
several hours. Hydrophilic powders such as 
quartz and feldspar are readily wetted by 
water and are thus incapable of foam stabilisa¬ 
tion. 

The stability of three-phase foams is g^tly 
increased on the addition of an emulsifying 
agent. The optimum concentration of emulsi¬ 
fying agent increases with the fineness of 
division of the solid. Bartsch deduces from 
these observations that a mono- or di-moleoular 


layer of orientated molecules of emulsifying 
agent binds the aqueous solution to the gas and 
to the surface of the solid. This orientated layer 
prevents the displacement of the adsorbed gas 
from the solid surface by the aqueous solution. 
Such foams are therefore built up of flocks of 
gas, liquid, and solid, bound together by the 
emulsifying agent. 

Traube and Kieke (t;. Bartsch, lx., p. 47) 
have shown that solid substances adsorb surface- 
active materials more readily from water, the 
greater is their contact angle with water, that 
is, the less readily they are wetted with water. 
Thus a measurement of the contact angle of a 
solid against water wiU give a measure of its 
power of stabilising foam, aU other things being 
equal. The same authors showed that the 
foaming ability of a solid may be destroyed, if 
an insoluble substance is added to the system, 
which wets the solid phase more readily than 
does water (e.g. chloroform). 

The Stability of Foams. 

One of the chief differences as a general rule 
between foams and emulsions is the much shorter 
life period of the former. Although both systems 
are thermodynamically unstable the emulsion is 
capable of a closer approximation to thermo¬ 
dynamic stability. In most disperse systems the 
kinetic energy of molecules is an important factor 
in opposition to coalescence. In foams, how¬ 
ever, this factor is negligible on account of their 
semi-rigid structure. On the other hand, the 
tendency towards a reduction in interfacial area 
through the agency of surface-tension forces is 
far more marked with foams than with stabilised 
emulsions. Although electrical forces play a 
part in the stabilisation of all disperse systems, 
their r6le is not so important in the case of foams 
where capillary forces apparently play a larger 
part. In consequence of all these factors it is 
usually necessary to express foam stability in 
seconds. Some lyophilic foams, however, persist 
for hours and, in exceptional cases, for days. 
The following table taken from Plateau, 
“ Statique exp^rimentale et th^orique des 
liquides soumis aux seules forces mol^culaires,” 
1873, II, 12, gives the maximum stability 
observed for foams of different systems. 


Table II.—Maximum Stability of Foams 
ACCORDING to PlATBAU. 


Substance. 

Maximum 

stablUty. 

Distilled water .... 

7 seconds. 

Nitric acid. 

1 second. 

Saturated solution of tar¬ 


taric acid. 

142 seconds. 

Acetic acid. 

8 seconds. 

Marseille soap .... 

2 hours. 

Domestic soap .... 

90 minutes. 

Potash rosin soap . . . 

1 hour. 

Saponin solution . . 

12 hours. 

AlWmin solution 

Several days. 

Ferric acetate solution . 

24 hours. 
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Factoes influenciko Foam Stability.— 
Early workers ascribed foam stabilisation to 
concUtions of low surface tension and high 
viscosity, but although these factors are im¬ 
portant the effect of many other variables has 
to be taken into consideration. The factors 
conditioning the stability of a foam may be 
summarised as follows :— 

(а) Vapour pressure of the liquid phase. 

(б) The nature and concentration of the 

foaming agent. 

(c) The nature of the gas/liquid interface. 

(d) The influence of protective colloids. 

(c) The influence of electrolytes. 

(/) The viscosity of the liquid phase. 

Some of these factors call for special discussion. 

Vapour Pressure, —Stable forms can never be 
obtained with liquids of high vapour pressure. 
This explains why foaming does not take place 
in pure liquids, since in these the low surface 
tension conditions necessary for foam stabilisa¬ 
tion are only obtained at temperatures near 
the boiling point. Any tendency to foam 
stability which might otherwise be displayed by 
a pure liquid is therefore nullified by the almost 
instantaneous evaporation of the film laminae. 

Nature of the Foaming Agent. —The necessary 
conditions of low surface tension and hetero¬ 
geneous surface have already been discussed; 
the specific properties of the foaming agent, 
however, influence the stability and behaviour 
of the foam by other means. Since a surface- 
active material is adsorbed at the interface, the 
bulk of the material will be collected in the 
foam where its local concentration may be high. 
Owing to orientation of the adsorbed molecules 
in the case of soaps, etc., or to a tendency to 
gel formation as with saponin and other hydro¬ 
philic stabilisers, the adsorbed layer in the foam 
may form a sheath which, in the latter case 
especially, may be of considerable mechanical 
strength, exactly the same as in the stabilisation 
of emulsions by materials which also act as foam¬ 
ing agents. In some systems the elasticity and 
strength of the interfacial film has been demon¬ 
strated experimentally. 

In many instances the hydrophilic substance 
collected at the interface is not, by itself, capable 
of membrane formation, but such a structure is 
produced by oxidation or coagulation, the large 
surface area aiding such reactions. It is well 
known, for example, that some proteins coagu¬ 
late when exposed in thin layers to air. 

Although this mechanism is probably not 
responsible for the initiation of frothing, the 
semi-solid structure thus set up is the primary 
cause of the abnormally high stability of foam 
stabilised by proteins and other similar sub¬ 
stances. 

Properties of the foam, such as the size of the 
bubble and their elasticity, are probably in¬ 
fluenced by the nature of the interfacial mem¬ 
brane. Thus soap bubbles are elastic, while 
those of saponin are rigid and crinlde on 
contraction. The addition of a very small 
amount of soap solution to saponin is suflicient 
to convert the foam to an elastic type. 

Th» Influence of ElednAytes ,—As with emul¬ 
sions, very little is known of the rifle of the 


electrical charge in the stabilisation of foams, 
except in the simplest cases. Taggart (Phil. 
Mag. 1914, [vi], 27, 297; 28, 364) examined the 
cataphoretic migration of gas bubbles under 
different conditions and found that these were 
charged negatively in pure water, similarly to the 
analogous oil hydrosols. The velocity of spheres 
of air, oxygen and hydrogen in pure water was 
found to be about 4 x 10“* cm./sec. per volt/cm. 
The addition of hydrogen ions reduced the 
potential to zero without reversing the sign of 
the charge. Trivalent cations, however, caused 
a charge-reversal. Surface-active compounds 
reduced the cataphoretic velocity. 

Since gas bubbles are charged negatively with 
respect to water, their stability towards 
electrolytes depends on the valency of the 
cation and its ability to be adsorbed. Some 
results of Bartsch (KoUoid-Beih. 1924, 20, 1), 
collected in Table III show that for hydrophobic 
foams, a precipitation series is obtained, similar 
to that for hydrophobic suspensions. 

Table III.— The Concentration op Various 
Electrolytes which reduce the Foam 
Stability of a 0 0568 Molar Solution 
of Amyl Alcohol from 18 seconds to 
15 SECONDS. 


Electrolyte. 

Concentration 
(millimols/litre). 

Sodium hydroxide . 

30 

Sodium chloride . . . . j 

10 

Na 2 S 04/2 . 1 

H,S 04/2 . 

0-8 

004 

Bad.. 

005 

AICI 3 . 

00005 

Cinchonine hydrochloride . 

003 


Lyophilic foams are affected by electrolytes 
only to a small extent. Bartsch explains this 
on the ground that the interfaces of these 
systems are of a semi-rigid character, consisting 
in many cases of a gel of the colloidal foaming 
agent. The mechanical stability so brought 
about is not readily affected by ions except in 
concentrations high enough to cause a salting- 
out effect. In some instances chemical reaction 
may take place between the colloid at the 
interface and a polyvalent cation, resulting in 
the formation of a compound of entirely different 
characteristics. Hydrophilic foams may be 
sensitised by the addition of surface-active 
hydrophobic foamers and so made susceptible 
to electrolytes. For example, a foam formed 
from 0 * 001 % saponin solution may be sensitised 
by the addition of 0 * 6 % of amyl alcohol. 

Protective CoUoids .—Protective colloids have 
the power of immunising lyophobic foams 
against the action of electroly^s. The “ gold 
number (v. CoUoids, VoL III, p. 2876) of the 
protective coUoid expresses its protective action 
towards lyophobic foams, just as in the case of 
lyophobic sols. In cases where a solid foaming 
agent is present, protective coUoids at a suffi¬ 
ciently high concentration wiU displace the 
agent from the interface and themselves act as 
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stabilising agents. This phenomenon has found Phase Foams). The foaming agents are of two 
application in flotation practice (v. Flotation types 


Pbooess). 


(a) Amyl alcohol, cresol, xanthates, etc., which 


Viscosity. —Evidence for the influence of fluid themselves form the foam, 
viscosity upon foam stability is as unconvincing {h) Oleic acid, paraffin oil, naphthylamine, 
as in the case of emulsion stability. In a series xylidine, etc., which are adsorbed by the 
of experiments by Bartsch an attempt was hydrophobic particles and form “ foam flocks.” 
made to increase the stability of amyl alcohol Such agents are called ” collectors.” Two of 
foams by the addition of glycerol and glycol, the most important series of “ collectors ” for 
The results were negative until concentrations sulphide minerals are the xanthates, of general 


of 60% were reached. Nevertheless there is a I 

general impression that high viscosity promotes formula 
foam stability, but quantitative measurements I 


andthe‘*Aen>/?oa^#” (Peter- 


are very difficult owing to the fact that the sen, Kolloid-Z. 1932, 68, 121), of formula, 
viscosity of the body liquid may be very different RO.. yOR 


from that of the foam laminae. Many examples 
of increase of foam stability due to the addition 


(R is an alkyl group and M 

^SM 


to the system of components of high viscosity a metal or other base usually alkali metal), 
may be more profitably discussed from the These materials, which need only be used in small 
point of view of modification of the properties amounts, appear to be bound to the sulphide 
of the interfacial membrane. surface by chemical forces. There is evidence 

(Lintern and Adam, Trans. Faraday Soc. 1936, 

(1) Beverages. —The question of providing ” collectors.” 
beer with a stable but not too fine-grained (4) Detergent Action of Foams. —The use of 
foam is of great importance in the brewing foams of soap and other surface-active materials 
industry. The velocity of fermentation is an as detergents, involves a reversed application 
important factor in determining the stability of of the flotation process. Particles of dust or 
the foam (Freundlich, ” Kapillarchemie,” 1932, other impurities adhering to a surface, migrate 
2, 828). It is not certain what constituents to the foam interface if they are hydrophobic; 
of beer act as foaming agents; proteins when the foam is removed the impurities are 
(Windisch and Berraann, Woch. Brau. 1919, carried with it. Emulsification and peptisation 
36, 319; 87, 109, 121, 137, 146, 163) and hop processes are, of course, also involved in the 
resins (Emslander, ibid. 1926, 43, 418) are the detergent action of soaps, 
most probable, but wheat gum and other (6) Liquidjgas Beactions in Foam Systems .— 
dextrin-like substances probably increase the It is a fact of technical importance that the 
stability of the foam by modifying the properties reaction velocity of a gas with a liquid is 
of the membrane. markedly increased when the reactants form a 

Lemonade and other *‘ minerals ” may be foam system. A reactive gas reacts the more 
provided with a suitable foam by the addition quickly with a liquid, the finer are the bubbles 


of 0*01 g. of saponin to 1 litre of liquid. 


of the foam. Very fine bubbles may be produced 


(2) Fire Extinguishers. —For the smothering (Coehn, Z. Elektrochem. 1923, 29, 1, 306) by 
of small conflagrations, and especially those forcing the gas through a filter whose potential 
which involve burning oil or other organic is of the same sign as that of the bubbles, 
liquids, devices which project a foam on to the For negatively charged bubbles, which are 
surface of the burning material are frequently formed in the vast majority of cases, clay filters 
employed. These generally provide for the are suitable. Biesalski (Z. angew. Chem. 1928, 
rapid generation of carbon dioxide in the 41, 863 ; Biesalski, von Kowalski and Wacker, 
presence of a solid foaming agent. It was Ber. 1930, 68 [BJ, 1698) rapidly hydrogenised 
formerly thought that the chemical nature of many organic compounds in aqueous solution 
the carbon dioxide was responsible for the fire- by adding saponin to the liquid and blowing a 
quenching properties of the foam, Treichel stream of hydrogen bubbles through it. In a 
(Chem.-Ztg. 1935, 53, 69) has shown, however, similar manner he was successful in completing 
that the effect is due to the foam laminae which the catalytic reaction of oxygen and hydrogen 
isolate the burning surface from the surrounding by metal sols at room temperature. 


air; foams of air or even oxygen are equally 
effective (v. Fiee Pbevention and Extinc¬ 
tion). 


Prevention of Foaming. 

It frequently happens in individual processes 


(3) Flotation of Minerals.—This subject is that foams are formed when their presence is 
dealt with elsewhere in this volume, but a few undesirable. In the heat treatment of emulsi* 
words may be added here on the connection fied oils, for example, the tendency to foam is 
between foam and flotation. A quantity of inconvenient, if only for mechanical reasons, 
finely ground ore is stirred with water, a foaming while foams ffirmed in the coating of paper may 
agent added and air blown in. A foam is formed cause the bath of coating mix to overflow and 
on the surface of the liquid and the hydrophobic make it difficult to observe whether the rollers 
constituents of the ore are carri^ to and are dipping completely into the mir and a paper 
retained at the air/liquid interface, whereas with a neterogeneous surface may be produced, 
the hydrophilic constituents sink as a slu^e to Other objectionable foams are met with in the 


the bottom of the vessel (v. section on 


I-1 dehydration of tars and in steam distillation. 
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The methods utilised for the suppression of 
foams may be divided into two main classes. 
The first involves the use of physical means and 
the second the use of the so-called “ anti¬ 
froths.” 

(а) Physical Methods. —A frequent device is 
to place a superheating system above the surface 
of the liquid. The high vapour pressure which 
is set up in any liquid coming in contact with 
the heating element is sufficient to prevent foam 
formation. 

If the liquid is treated in a confined space or 
under applied pressure, foaming is prevented 
to a large degree. This technique has been 
applied to the dehydration of emulsified crude 
oils. 

Foam which arises in the course of vacuum 
distillation may be broken by passing the distil¬ 
late between a series of heated gratings 
(Knichalik, G.P. 622782). j 

By passing a liquid to be distilled over a 
series of vertically suspended plates, a current 
of vapour returning to the main liquid surface 
inhibits foaming (Spilker, G.P. 506646). 

(б) The Use of Anti-Froths. —It is not possible 
to lay down any rules for the choice of an 
anti-froth for a particular system. It frequently 
happens that a substance which inhibits frothing 
in one system is completely ineffective in 
another. Ether, for example, destroys beer 
froth instantaneously but has no effect on foam¬ 
ing glue, whilst milk, which itself foams, is an 
excellent anti-froth for glue. For a full dis¬ 
cussion of anti-froths, see Meyer (Farben-Ztg. 
1930, 86, 481, 673 and 619). 

One of the oldest industrial anti-froths is 
milk, but in paper coating, grease spots may be 
produced unless skim milk is employed. Some¬ 
times the milk is allowed to become acid and the 
clear filtrate used as an anti-froth. The anti¬ 
froth action of milk is strongest in faintly acid 
or neutral media such as glue, gum arabic, 
etc.; in alkaline solution it is not effective. It 
is generally supposed that the anti-froth 
properties of milk are due to its fat content. 
Casein, produced from milk, does not foam 
because of a small fat content and is itself 
capable of suppressing the frothing of glue. 

Many oils have ^n used as anti-froths, 
for example, butter, lard, poppyseed oil, peanut 
oil, whale oil, etc., and artificially prepared 
highly-dispersed emulsions of fats are generally 
superior to milk for this purpose. These are 
often unsuccessful, however, owing to inter¬ 
action between the emulsifying agent and a 
constituent of the system the frothing of 
which has to be prevented; this may result in 
breakdown of the emulsion and separation of 
free oil. 

Although glycerin is used to increase the 
stability of foams, the crude material is some¬ 
times used as an anti-froth owing to traces of 
fatty acids or fats. Alkyl lactates are efficient 
in reducing both soap and glue foams. Amyl 
alcohol is a useful anti-froth, especially in cases 
where fatty materials cannot be used. 

Bone fat produced by benzene extraction is an 
excellent anti-froth, but cannot be obtained on 
a large scale as it is used by glue manufacturers 
them^ves to prevent undue foaming during 

Von. V —1ft 


boiling. Frothing of many industrial mixes is 
closely related to the Ph value of the system and 
the addition of a substance which alters this 
property has a corresponding effect on the foam. 
Among other anti-froths may be mentioned 
castor-oil soap, calcium and barium ricinates, 
petroleum and chlorine (for sewage). 

Bibliography. —Chapter on “ Schftume ” in 
Freundlich, ” Kapillarchemie,” Vol. II, 1932; 
Berkman and Egloff, Physical Chemistry of 
Foams, Chemical Reviews, 1934, 15, 377; 
N. K. Adam, “ Physics and Chemistry of 
Surfaces,” 2nd Ed., Oxford Uuiv. Press, 1938. 

A. K. 
D. P. C. 

FOBBING V. Brewing (Vol. II, 95d). 

FCEN U G R E E K. The seeds of Trigonella 
Fomum-grascum Lin. (Fam. Leguminosee), an 
annual herb indigenous to West Africa and 
cultivated largely in India, Egypt and Morocco. 
The seeds are oblong-cylindrical and obliquely 
truncated at each extremity. They appear 
somewhat compressed, and are brownish-yellow 
in colour, 5-7 mm. long and 2 mm. thick. The 
seeds are widely used in veterinary practice, and 
P. Blum (R6pertoire pharm. 1924, 86, 185; 
Yearbook of Pharmacy, 1924, 324) claims that 
the stimulating and weight-increasing action of 
the seeds is at least equal to that of cod-liver- 
oil. He also mentions that the distinctive odour 
develops only on drying the seeds and that it is 
not present originally. The seeds are also em¬ 
ployed as a condiment in curry powder. 

Microscopic Appearance. —The palisade epi¬ 
dermis of the seed coat is composed of cells, 
which are about 6 times as long as they are 
wide, whilst the cells of the sub-epidermal layer 
show a distinct hour-glass appearance. The 
cells of the endosperm contain mucilage and 
those of the cotyledons aleurone grains and fixed 
oil. 

Chemical Composition. —According to the 
British Pharmaceutical Codex the seeds contain 
about 28% of mucilage, 6% of fixed oil, and 22% 
of proteins. The ash should not be more than 
5%. E. Jahns (Ber. 1885, 18, 2518; 1887,20, 
2840) has shown that the seeds contain choline 
and trigonelline, C^H^NOg, which is probably 
identical with the betaine of pyridine-2-car¬ 
boxylic acid. Reutter (quoted by Blum, l.c.) 
has found that they contain methylamine, di- 
methylamine and trimethylamine, as well as 
choline. Bourquelot and H^rissey (Compt. 
rend. 1900,180, 42, 731) have examined the car¬ 
bohydrates of the seed. H. E. Wunschendorff 
(J. Pharm. Chim. 1919, [viij, 19, 397) found that 
the seeds contain about 7% of a yellow oil, 
possessing a characteristic unpleasant taste. 
It does not solidify in the elaidin test, but dries 
rapidly on glass, forming a bright yellow skin, 
which is insoluble in ether. A sample gave 
the following analytical figures: dJJ 0*9471; 

1*4774; acidity 3*20% as oleic acid; 
saponification value 189*6; iodine value 137*8; 
Hehner value 93*8, volatile fatty acids 1*6%; 
unsaponifiable matter 0*90%; lecithin 6*26%; 
phosphoric acid 0*66%. The fatty acids con¬ 
sisted chiefiy of palmitic and linolic acids, with a 
smaller quantity of oleic and linolenio acids. 



290 


FCENUGREEK. 


A. von Lingelsheim (Arch. Pharm. 1928, 266, 
218) states that the colouring matter of the 
seeds is found in the palisade layer of the testa 
and also in the tissues of the embryo. It is a 
flavone derivative and may be identified by the 
reaction of Willstatter and Everest. The whole 
seed is employed to avoid the extraction of the 
mucilage and is macerated for 24 hours in a 
moderate quantity of water to obtain a strongly 
tinted solution. A little magnesium-mercury 
amalgam is added to the filtered solution and, 
with constant shaking and cooling, small quanti¬ 
ties of hydrochloric acid, resulting in the reduc¬ 
tion of the flavone to a red-coloured derivative. 

The Whole Plant ,—According to analj’^ses by 
D’Ancona (Landw. Versuchs-Stat. 1899, 51, 
387), the percentage composition of the dry 
matter is: 

Protein. Fat. N-free extract. Crude fibre. Ash. 

13-4 3-4 470 306 5-6 

The percentage composition of the pure ash is : 
KgO NajiO CaO MgO FajOj SO, SlOj Cl 

19 1 7-6 29-8 1 0 4-9 8 1 4 1 23-5 M 

In composition, foenugreek resembles crimson 
clover and it is recommended as a farm crop. 
Since, however, the peculiar flavour of the plant 
is transmitted to both milk and meat, the feeder 
is more suited for working animals than for 
fattening or milk production. The peculiar 
odour and flavour of the plant is said to be due 
to the oil; it is very pronounced in the spring, 
but becomes less when the plant ripens. 

T. McL. 

FOLINERIN. A glycoside now known to 
be identical with oleandrin {v. Vol. II, 3866). 

FOOD PRESERVATION is a subject dis¬ 
cussed in several articles in this Dictionary, e.g. 
Food Preservatives, Fumigation, etc., and 
the present article will deal briefly with canning 
and gas storage of food. 

Canning and Bottling. 

The first large-scale success in bottling foods 
was due to Charles Appert {v. Bibliography) a 
French chef. His idea was to heat the food 
out of contact with air as access of air was con¬ 
sidered to be the cause of putrefaction. Stout 
glass bottles nearly filled with food, already 
partly cooked, were carefully corked and heated 
in a water bath for times depending on the kind 
of food (Drummond and Wilbraham, “The 
Englishman's Food," p. 376). Canning food, 
however, rather than bottling, was destined to 
be a great industry, and this was started about 
1813 by Bryan Donkin and John Hall of 
Hartford Iron Works, Kent, who first introduced 
tinned iron containers. 

The canning industry prospered in Australia 
and the U.S.A. where there was surplus beef 
for canning and export to England as a cheap 
food (1866 onwards). The technical improve¬ 
ments necessary for the development of the huge 
American industry were stimulated by the 
demand for Army supplies during the American 
Civil War (Cruess, “ Commercial Fruit and 
Vegetable IVoducts,” 2nd ed., McGraw-Hill 
Book Co., New York, 1938). 


Cans .—Before 1903, the food was inserted 
through a circular opening in the top of the can, 
a disc or the lid itself, provided with a small vent 
hole, was soldered over the opening and after 
preliminary heating to displace air by steam 
this hole was sealed with a drop of solder, the 
can was then ready for processing. Among 
other objections to this “ hole and cap ’’ tin was 
the possibility of contaminating the food with 
traces of lead from the solder. The “ hole and 
cap ’’ can is handled twice, as there are two 
periods of heating in the sterilising retort (auto¬ 
clave in other industries). Except for special 
purposes the sanitary or solderless can is now in 
general use. This can is not soldered on any 
inside joint, only the external side seam of the 
can body is soldered. The tinplate as purchased 
is usually coated with one or two coats of a 
stoved lacquer. The end pieces are stamped out 
of the same tinplate, flanged, and a rubber seal¬ 
ing composition is run into the flange. The 
bottom of the can is affixed in a double seaming 
machine (for details v. 0. and T. W. Jones, 
“ Canning Practice and Control," Chapman and 
Hall, Ijondon, 1937). The lid is attached by a 
similar machine after the filled can has been 
heated to expel air or after the air has been 
evacuated during the continuous flow of cans 
on the automatic can line. British Standard 
No. 866—1939, contains a schedule of sizes of 
metal containers for food products for British 
packers in the United Kingdom. 

Tinplate .—Coating sheet iron with tin was a 
secret manufacture in Bohemia and Saxony. 
The process was brought to England in 1671 and 
a successful manufacture was started in Ponty- 
pool about 1720 by John Hanbury (Eaton, Food 
Manufacture, 1939, 14, 48). The base metal of 
the tinplate was formerly wrought iron but is 
now steel. The unit quantity of tinplate is the 
base box containing 112 sheets coated with 0-85- 
3*26 lbs., total weight of tin per box, grades A to 
G each of 28-32 B.G., 14 x 20 in. of steel. (For 
glass containers v. Bamby, Food Res. 1938, 8, 
240; for substitutes for tinplate v. Williams, 
ibid. 278; c/. Hoare, Intemat. Tin Research 
Council, Techn. Publications A. No. 30). 

Corrosion of the steel by acid fruit juices 
liberates hydrogen which may exert a pressure 
sufficient to bulge the ends of the can, and dis¬ 
coloration of several kinds results from the solu¬ 
tion of iron or tin. Traces of dissolved ferric 
iron combine with tannins, so that apples may 
be blackened especially after exposure of the 
fhiit to air. A good vacuum in the tin is a pre¬ 
ventive measure (Morris and Bryan, D.S.I.R. 
Food Invest. Special Rept. No. 40, 1931, p. 70). 
In a later report the same authors state that 
strawberries showed a marked discoloration in 
presence of 2 p.p.m. of iron, which with 6 p.p.m. 
was sufficient to condemn the fruit. Dissolved 
tin reacts with the soluble anthocyanin colouring 
matters; Sn, 2 p.p.m. gives a bluish shade to 
black currants, 10 p.p.m. would justify rejection 
(ibid. Special Rept. No. 44, 1936, p. 50, Second 
Rept. “ Corrosion of the l^plate Container *’). 
It follows that all fruits containing anthocyanins 
should be packed in double-lacquered cans. 
The worst blackening is due to ferrous sulphide; 
the sulphur may be derived from the food, or 
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from residues of sprays on fruit, or from ultra- 
marine blue in the sugar added to the juice. 

Traces of dissolved metals have a marked 
effect on the palatability of the canned food. 
The sense of taste is sufficiently sensitive to 
detect the following concentrations of metals in 
p.p.m. of orange juice : copper 20; ferrous iron 
3CM0; ferric iron, tin, aluminium, chromium, 
nickel, each about 100 (Tressler, Joslyn and 
Marsh, “Fruit and Vegetable Juices,” AVI 
Publishing Co., New York, 1939). It is generally 
believed that even smaller traces of copper and 
iron catalyse oxidation reactions resulting in an 
“ off-flavour ” and darkening (Shrader and 
Johnson, Ind. Eng. Chem. 1934, 26, 869 ; Joslyn 
and Marsh, Food Ind. 1933, 5, 172; for non- 
corrodible equipment v. Bitting, Food Res. 
1938,3,246). 

Both tin and iron may dissolve in canned fruit 
or vegetable juices. Adam and Homer (J.S.C.I. 
1937, 66, 329T) found Sn, 10-40 p.p.m. in fruit 
in lacquered cans after one year’s storage at 
ordinary temperature ; in plain cans Sn varied 
from 40 to 100 p.p.m. They found that iron 
rarely exceeded 10 p.p.m. and was generally 
little more than a trace. The maximum tin 
content permissible in Great Britain is 2 gr. per 
lb.=286 p.p.m. originally proposed by Buchanan 
and Schryver. Dissolved tin is greatly increased 
when the open tin of food is exposed to the air 
for several days. Tin is a normal constituent of 
animal organs, Bertrand and Ciurea found 0*4- 
26 p.p.m. (Compt. rend. 1931, 192, 780). 

Hydrogen swells is the term describing the 
condition of cans the ends of which bulge from 
the internal pressure of hydrogen evolved from 
the reaction of the metal with the acids of the 
food-stuff, notably fruit and vegetable. On 
prolonged storage the majority of cans show 
this defect. The early stages are known as 
“ springers ” or “ flippers,” the last stage is 
perforation or a “ blow,” rarely the pressure 
may burst the can. One means of postponing 
the condition is a good vacuum in the can. 

Swells are sometimes the consequence of in¬ 
adequate processing as regards time or tem¬ 
perature. Kidney (Food, 1937, 6 , 312, 322) 
observes that the gases in blown cans of meat 
are usually COj, Ng and traces of Oj, if 
hydrogen is absent the tinplate has not 
corroded appreciably. 

It was found that tin is anodic to the steel base 
(Adam and Homer, f.c., 330T) but as the cor¬ 
rosion continues the polarity may be reversed 
(Hoar, Trans. Faraday Soc. 1934, 80, 472). 
Lacquering actually tends to favour perforation 
for the corrosion of steel going on through pores 
in the lacquer and tin surfaces is a localised 
effect (Culpepper and Caldwell, J. Agric. Res. 
1926, 86, 107 ; Amer. Chem. Abetr. 1927, 3991). 
The lacquer coating, however, is necessary to 
protect the tin and prevent discoloration. 

W. B. Adam (Chem. and Ind. 1938, 16, 682) 
discusses the theory of the tin-iron couple in 
corrosion (Lueck and Blair, Trans. Electrochem. 
Soc. 1928, 64, 267; Hoar, lx,, and Amer. Chem. 
Abstr. 1939, 8649, 9245; 1940, 2482). Morris 
(J.S.C.I. 1935, 64, 6T) states that the efficiency 
of gelatin as an inhibitor of corrosion depends 
on Pji ; its effect was negligible at 5'6 but 


veiy marked in a medium as acid as 2*4. The 
protection of the tin surface may be improved 
by lacquering the can after fabrication, and the 
method described in B.P. 456810 is a practical 
one (Clayton) (Food Manufacture, 1937, 12, 
119). 

Canning Operations.—The preliminary pro¬ 
cess for successful food canning is the selection, 
cleaning and grading of the raw material—fruit, 
vegetables, meat, fish, etc. In mass production 
the cans are moved mechanically through all 
the following processes; (o) The food stuff is 
packed into open cans which are next filled to a 
prescribed level or weight with s\Tup for fruits, 
brine for vegetables, jelly for meats, oil or tomato 
sauce for fish. (6) The lids are lightly clinched 
on the cans but not so as to make a perfect joint, 
and air is displaced from the cans by the steam 
of a pre-cooking operation in the case of cans of 
fruitor vegetables which are conveyed through an 
exhaust box containing water at about 200°F., the 
time of immersion being about 5 minutes. The air 
imprisoned in the tissues of the food and con¬ 
tained in the headspace of the can is displaced, 
the lid is then fastened down by a double seam¬ 
ing machine. Tins of meat are exhausted of air 
in a vacuum chamber and the lids fastened 
down by a double seaming machine without 
breaking the vacuum, this process ifi carried 
out without heating. The soldered vent hole 
method is also in use. (c) The cans thus her¬ 
metically sealed and with concave ends owing 
to the internal vacuum are processed (sterilised) 
in a continuously working cooker or retort. An 
acid reaction is favourable to sterilisation, for 
example acid fruits may be processed at 200® F. 
for 10 minutes, the less acid vegetables at 240- 
260®F. for 20-45 minutes, while meat is cooked 
for hours, often in 2 or 3 stages of increasing 
temperatures. Retorts have been designed 
with steam-tight doors so that the continuous 
movement of the cans is not interrupted 
by shutting off steam to remove the cans. 
(F. H. Wo^cock and W. R. Lewis, “ Canned 
Foods,” Pitman & Sons, London, 1938; Inter¬ 
nal. Tin Research Development Council Inf. 
Circ. No. 1, 1937). (d) Cooling with jets of 
^ water or in a current of water or cold air follows 
immediately on the process of sterilisation 
(Crosbie-Walsh, Food Manufacture, 1938, 18, 
232; Morris and Bryan, Lc., Special Kept. 
No. 40, p. 77). 

A shorter process, flash pasteurisation, is 
possible with acid fruit juices (Cruess, J.S.C.I. 
1939, 68, 773; Charley and Harrison, v. Biblio¬ 
graphy). Citrus juice is de-aerated under a 
high vacuum and passed through a heating coil 
in which it is heated to 90-95®C. for 1 minute, 
cooled to about 80®, canned and sealed while hot, 
then cooled as rapidly as possible. The high 
temperature is necessary to destroy heat- 
resistant enzymes (Ouoss, lx.), A similar 
method is in use for apple juice, which is centri¬ 
fuged, treated with an enzyme to destroy 
starch, filtered, de-aerated under a vacuum of 
29 in. then heated to 185°F. for 20 seconds. 
Tha temperature is reduced to 140® by passage 
through a cooler and the juice is then filled into 
cans and sealed (T. W. Jones v.t.). For the 
composition of the gases evacuated from fruit 
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juices V. Pulley and Von Loesecke, Ind. Eng. I Analysis of Foods,” D. Van Nostrand Co., New 
Cheto. 1939, 81, 1275. York, 1938, pp. 120-143. Spectroscopy has been 

Processing (sterilisation).—The times and applied to this branch of analysis by Drea for 
temperatures of processing must be so related i^k (J. Nutrition, 1934, 8, 229; 1938, 16, 325) 
that the finished product does not contain hving and by Harrison (Food Res. 1938, 8, 121). 
micro-organisms or their spores (T. W. Jones, The following references to articles in this 
J.S.C.I. preprint 12/4/1940; 0. Jones, Food, Dictionary and to recent papers in the litera- 
1937, 6, 300; Bigelow, v. Bibliography). Parallel ture may be cited: 

with investigations of the thermal death- Tin. —Adam and Horner, J.S.C.I. 1937, 66 , 
times of bacteria have been measurements of 331T. Torskii, Amer. Chem. Abstr. 1939, 88, 
the rate of tra^fer of heat from the heating 5623. I^epierre, ibid. 6929. Bertrand and 
water or steam to the centre of the can, and the Ciurea, Compt. rend. 1931,192, 780. Mathiesen 
effect of the of the juice, an acid reaction and Jakobsen, Amer. Chem. Abstr. 1940, 1763. 
assisting sterilisation. Ball has published a also Vol. I, 159d; Vol. II, 671, 696a; 
graphical method of calculating the correct colorimetric, Vol. II, 672; spot test, Vol. II, 
time and temperature of processing from these 5816. 

data (Cannt^r, 1927, 64, 27). Nelson and Berri- Lead. —Wichmann, l.c. Clifford, Amer. Chem. 
gan (J. Agric. Res. 1939, 59, 465) consider that Abstr. 1938, 82, 6934. Monier-Williams, Min. 
complete sterilisation is seldom obtained in Health Rept. Public Health Med. Subjects, 
canning meats, although no organism may grow No. 88, 1938. Cheftel (lead from solder), Ann. 
for a reasonable time of storage. They found Falsif. 1939, 82, 406. Microchemical: Berisso, 
that test organisms in a No. 2 meat can were Mikrochem. 1938, 26, 221; Adams, ibid. 29; 
usually killed by 66 minutes exposure to 15 lb. Mahr, ibid 1939, 26, 67. Ingleson (lead in 
steam pressure (121°C.). The test organisms water supply). Analyst, 1938, 63, 646. Lampitt 
included B. Coli, C. botuUnum and Salmonella et al. (lead in canned sardines), Analyst, 1933, 
types (c/. Savage, infra). A recent development 68, 73^ See also Vol. I, 169d; Vol. II, 680c; 
has been heating for a shorter time to a higher spot test, Vol. II, 661c; volumetric, Vol. II, 
temperature than usual, a method studied 661; colorimetric, Vol. II, 671; electrolytic, 
especially by Ball (Food Res., 1938, 3, 37; v.\ Vol. II, 701. 

pp. 49-65 for bibUography and patents). Aluminium. —^Monier-Williams, Min. Health, 

Correct processing of meat and fish destroys Rept. Public Health Med. Subjects, No. 78,1935. 
the specific bacteria and toxins associated with Lampitt et al., Analyst, 1932, 67, 418; Lunde, 
food poisoning. Researches by Savage and J.S.C. 1, 1937, 56, 334 T. See also Vol. II, 692, 
others dispelled the popular idea that tainted 650; volumetric, Vol. II, 650; colorimetric, 
meat (although objectionable) necessarily caused Vol. II, 669; spot test, Vol. II, 579. 
food poisoning (W. G. Savage, “ Canned Foods Copper. —Wichmann, l.c. Drabkin, Amer. 

in Relation to Health,” Cambridge University Chem. Abstr. 1939, 88, 6969. In tomato pro- 
Press, 1923; Lancet, 1939, ii, 991; S. Dixon, ducts: Sage and Stevens, Analyst, 1938,68, 719. 
“Relation of Food to Disease,” Inst. Chem. Microchemical: Bertrand and L. de Saint-Rat, 
Lecture, 1932; Bumford, Brit. Med. J. 1938, Mikrochim Acta, 1937, 1, 5. cf. von der Heide 
i, 620). and Hennig, Z. Untera. Lebensm. 1933, 66 , 

Metallic Contamination. —Canned food has 341; spot test, Vol. II, 580. Lampitt et al., 
been known to contain metallic salts in objection- Analyst, 1936, 60, 376. See also Vol. II, 686; 
able amount, although traces, believed harmless, volumetric, Vol. II, 666; electrolytic, Vol. II, 
are common. There is an extensive and in- 700; colorimetric, Vol. II, 671. 
creasing literature of special and general methods Zinc. —Wichmann, l.c. Holland and Ritchie, 

for detecting and estimating the metals likely Amer. Chem. Abstr. 1939, 88, 6969. Caughey 
to occur in food. The Bibliography, 1921-33, et al., ibid. 1938, 82, 6936. See also Vol. II, 
of the Society of Public Analysts should first be 567, 689; volumetric, Vol. II, 668 ; spot test, 
mentioned, and on the experimental side the Vol. II, 681. 

collaborative work and the investigations of in- “ Antimony in Enamelled Uollow-ware .^'— 
dividual referees of the Association of Official Monier-WiUiams, Min. Health Rept. Public 
Agricultural Chemists which appear annually Health Med. Subjects, No. 73, 1934. See also 
in recent years. The reports are prefaced by a Vol. II, 673, 600; electrolytic, Vol. II, 700. 
separate discussion by Wichmann and thus may “ Solubility of Glazes and Enamels in Cooking 
be readily found in the Journal of the Associa- Utensils.''' —^Monier-WiUiams, ibid. No. 29, 1926. 
tion and in the abstract Journals. In 1938 and Manganese in Water Supply. —^Miihlenbach, 
1939 the methods examined were for As, Cu, Z. Unters. Lebensm. 1938, 76, 264. 

Zn, (F) Pb, Hg, Se. Bibliographies of single Arsenic. —Wichmann, l.c. See also Vol. I, 
inetals are contained in G. W. Monier-Williams’ 470; Vol. II, 673, 699; electrolytic, Vol. II, 
reports on analytical methods published by the 700. 

Ministry of Health. For metals in food colour-1 Bibliography.—Charles Nicholas Appert, 
ing materials reference should be made to the “ L’Art de Conserver,” Paris, 1810; “ The 
Reports of the Sub-Committee of the Society of I Art of Preserving,” London, 1811; “ L’Art de 
Public Analysts {e.g. Macara et al., 3rd Rept. Conserver,” 4th ed., Paris, 1831. J. C. Drum- 
Analyst, 1939,64, 339). The detection of metals mond and Anne Wilbraham, “ The jSnglish- 
is treat^ in the manuals of Food Analysis by man’s Food,” J. Cape, London, 1939. W. G. 

H. E. Cox and other authors (v. Food I^bseb- Savage, “ Canned Foods in Relation to Health,” 
VATIVBS). Mention may be made of the chapter Cambridge University Press, 1923. W. W. 
on metals in food in M. B. Jacobs’ “ Chemical | CSienoweth, ” Food Preservation,” J, Wiley A 
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Son*, New York, 1930. S. C. Prescott and B. E. 
Proctor, “ Food Technology,” McGraw-Hill 
Book Co., New York, 1937. O. and T. W. 
Jones, “ Canning Practice and Control,” Chap¬ 
man and Hall, London, 1937. W. V. Cruess, 
” Commercial Fruit and Vegetable Products,” 
2nd ed., McGraw-Hill Book Co., New York, 1938. 
1). K. Tressler, M. A. Joslyn and G. L. Marsh, 
” Fruit and Vegetable Juices,” AVI Publ. Co. 
New York, 1939. V. L. S. Charley and T. H. J. 
Harrison, “ Fruit Juices and Related Products,” 
Imp. Bur. Horticult. Plant. Crops Development, 
E. Mailing, 1939. International Tin Research 
Council Bulletins. T. N. Morris and J. M. Bryan, 
‘‘ Corrosion of Tin-plate Containers by Food 
Products,” D.S.l.R. Food Invest. Spec. Rept. 
No. 40, 1931, and No. 44, 1936. R. B. Haines, 
” Microbiology in the Preservation of Animal 
Tissues,” D.S.l.R. Food Invest. Spec. Rept. 
No. 45, 1937. E. Griffiths and A. H. Davis, 
” Transmission of Heat by Radiation and Con¬ 
vection,” D.S.l.R. Food Invest. Spec. Rept. 
No. 9, Revised Ed., 1931, H.M. Stationery 
Office, London. Adams and Hirst, “ Hydrogen 
Swells in Canned Fruits,” Univ. Bristol Research 
Sta. Campden Monograph No. 1, 1937. W. D. 
Bigelow and collaborators, ” Heat Penetration 
in processing Canned Foods,” National Canners 
Assoc. Research Lab. Bull. No. 16-L. Washing¬ 
ton D.C. 1920; “Relation of Processing to 
the Acidity of Canned Foods,” ibid. Bull. No. 
17-L. 1921; “ Thermal Death Point in Relation 
to Time of Typical Thermophilic Organisms,” 
J. Infect. Dis. 1920, 27, 602; Applied Chem. 
Rept. 1921, 482. W. G. Savage and R. F. Hun- 
wicke, “ Canned Fruit,” D.S.l.R. Food Invest. 
Spec. Rept. No. 16, 1923. F, H. Woodcock and 
W. R. Lewis, “ Canned Foods and the Canning 
Industry,” I. Pitman & Sons, London, 1938. 
Society of Public Analysts, 1934. Sir William 
Savage, Lancet, 1939, ii, 991 (statistics, resistance 
of vitamins to canning, food poisoning, biblio¬ 
graphy). T. N. Morris, “ Principles of Fruit 
Preservation,” Chapman and Hall, London, 
1933. Denys Papin, “ A New Digester or 
Engine for Softening Bones,” London, 1681 
(he sterilised fish by heating with steam to 7 
atmospheres pressure). Imperial Economic Com¬ 
mittee, “ A Survey of the Trade in Canned 
Food,” March, 1939, H.M. Stationery Office., 
University of Bristol Fruit and Vegetable 
Preservation Research Station ; Monographs; 
Canners’ Bulletin; Annual Reports Campden; 
Miscellaneous Publications Bath, No. 1, 1932, 
Hirst and Adams, Preliminary Rept., “ Rapid 
Method of Botth'ng Fruits,” 

Gas Storage. 

Gas storage is the comparatively recent art of 
preserving and treating foodstuffs, while in 
storage or transit, by maintaining an atmosphere 
of controlled composition, temperature and often 
also of regulated relative humidity. The effect 
of keeping the foodstuff in the artificial atmo¬ 
sphere may be (a) to prevent or retard spoilage, 
especially that caused by micro-organisms or by 
an unsuitable humidity, (b) intentionally to 
accelerate or retard the ripening of fruit and 
other foods. Gas storage is to be distinguished 


from FuanoATioN (q.v.), a process in which the 
food is kept for a relatively short time in an 
atmosphere rendered sufficiently toxic to act as 
an insecticide, by the addition of ethylene oxide, 
carbon disulphide, sulphur dioxide, etc. 

Storage in conditioned air is not regarded as 
gas storage, for air conditioning affects only 
temperature and relative humidity. In gas 
storage, temperature and relative humidity may 
be controlled but the characteristic feature is 
an artificial atmosphere of nitrogen, oxygen 
and carbon dioxide in proportions which differ 
widely from those in ordinary air, and the object 
achieved is delayed ripening, in effect the life 
of the fruit is prolonged. In another branch of 
the art the atmosphere in the store is altered 
by addition of a trace of an active gas such as 
ethylene for the purpose of accelerating the 
ripening of fruits, or by adding traces of ozone 
for preventing the growth of moulds. 

Water Vapour may be regarded as a gas 
requiring control in food storage rooms as shown 
by the following instance, Culpepper and Cald¬ 
well (B. 1928, 241) stored dried apples at 20-30° 
and varied the relative humidity between 0 and 
100%. Above relative humidity 80-5% there 
was a rapid growth of fungus, between 80*5% 
and 47% there w as no fungal growth but the 
fruit deteriorated and became unmarketable. 
At relative humidity 18*5% or less, evaporated 
apples preserved their quality indefinitely. 
Methods of humidity control belong to air 
conditioning, for which see special works. 

Loss of weight and shrinkage of foods will take 
place in cold storage unless prevented by main¬ 
taining a sufficiently high relative humidity, 
unfortunately higher humidities promote a rapid 
growth of moulds and bacteria on meat, eggs, 
fruit and vegetables {v. Prescott and Proctor, 

“ Food Technology,” McGraw-Hill Book Co., 
New York, 1937). 

Storage of Food-stuffs in Carbon Di¬ 
oxide {cf. Vol. II, 3265).—Several early workers 
attempted to preserve food by displacing the 
contained air by an inert gas. Bethall in 
1848 displaced the air dissolved in milk and cream 
by carbon dioxide (A. W. Blyth, “ Foods,” 
3rd ed., 1888, p. 165). Later, Valley and 
Rettger (J. Bact. 1927, 14, 101) tested the effect 
of COj on milk and cream, the reduction in the 
count of bacteria was found to be negligible, the 
effect observed was due to increased p^. The 
authors state that removal of CO 2 from an 
environment otherwise favourable to develop¬ 
ment results in complete cessation of bacterial 
growth, even aneerobio organisms appear to 
require COj for continued existence (v Vol. IV, 
23a). The successful use of CO 2 in the storage 
of food is based on the addition of regulated 
amounts of COj for retarding the rate of ripen¬ 
ing during transport and storage. Fruit and 
vegetables evolve CO 2 in the respiration of the 
ceUs, e.g. Benoy (B. 1929, 736) found that the 
CO 2 expired from green vegetables corre¬ 
sponded to oxidation of dextrose. In an atmo¬ 
sphere of CO 2 the respiration of unripe apples 
is retarded and the hydrolysis of protopectin 
to soluble pectin which is characteristic of 
ripening is inhibited. Spoilage of fniit and 
vegetables during transit is readily prevented 
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by CO 2 gas-storage, but a consequent deteriora¬ 
tion of flavour sets a limit to the method (U.S. 
Dept. Agric. Techn. Bull. No. 318, 1932). Pro¬ 
longed researches have been carried out by the 
Food Investigation Board on the storage of 
fruit in atmospheres differing widely in their 
content of CO 2 * and Ng (v. Bibliography for 
summarised account) and the conditions for 
COj gas-storage have now been established. 
Attention should be called to N. C. Thornton’s 
researches at the Boyce Thompson Institute, 
Yonkers U.S.A. (r. Bibliography). A low per¬ 
centage of COo retarded respiration and ripen¬ 
ing and reduced astringency and acidity; high 
percentages of COj impaired the flavour of all 
the fruit and vegetables tested. The span and 
speed of life in fruits can now be controlled by 
storage in an atmosphere containing a suitable 
proportion of CO 2 which may be derived from 
the fruit itself, ripening is thus retarded and the 
life of the fruit lengthened, similar eflfects are 
produced by the use of atmospheres containing 
much less oxygen than air. P. Kidd (Proc. Roy. 
Inst. 1936, 351) showed that the vapour 

given oflf from ripe apples produced the same 
effects on seedlings and on unripe apples as air 
containing ethylene. The apples showed an 
immediate increase in respiration followed by 
development of odour, flavour and colour. The 
literature of this subject and of the treatment of 
food with ozone is summarised in the biblio¬ 
graphy. 

Bibliographical Summary. 

Since recent literature on gas storage is far too 
extensive to report in this article, the following 
summary of references has been compiled to 
indicate briefly the contents of the publications 
or the conclusions reached by their authors. 

Atmospheres Enriched with Carbon Di¬ 
oxide. —(I) Storage of Eggs. —R. B. Haines, 
“ The Storage of Eggs,” D.S.I.R, Food Invest. 
Spec. Rept. No. 26, H.M. Stationery Office, 
London, 1926 (includes measurement of humidity, 
pp. 7-14); “ Microbiology in the Preservation 
of the Hen’s Egg,” ibid. Spec. Rept. No, 47, 
1939; “ Preservation and Storage of Eggs,” 
Chem. and Ind. 1940, 59, 313, 394. T. Moran, 
J.S.C.I. 1937, 66, 96T. T. Swenson, “ Storage 1 
of Shell Eggs,” BuU. Hygiene, 1939, 14, 499; 
Food Res. 1938, 8, 599. F. Kidd (B.P. 397848) 
uses absorbents of COj to control the composi¬ 
tion of the storage atmosphere. 

(II) Storage of Meat ard Fish. —R. B, Haines, 
” Microbiology in the Preservation of Animal 
Tissues,” D.S.I.R. Food Invest. Sped. Rept. 
No. 45, H.M. Stationery Office, London, 1937. 
Pennington (Ice and Refrig. 1939, 96, 236) 
stored meat for 36 days at 29-30°F. in 8-10% 
COg, the colour was preserved and the develop¬ 
ment of moulds and of rancidity prevented. 
Kaess, Angew. Chem. 1939,52,17, a review with 
references. T. Moran (J.S.C.I. 1935, 54, 161T) 
describes meat storage. Moran, Smith and 
Tomkins (ibid. 1932, 51, 114T) found that COg 
inhibited mould growth on meat especially 
at low temperatures. Callow {ibid. 116T), 
observed a similar effect on pork and bacon. 
Coyne {ibid. 119T; 1933, 52, 19T) employed 


60% COg at 0® for preserving fish and inhibiting 
bacterial growth. Haines {ibid. 13T) compared 
the inhibiting effect of 10% and 20% COg. 
Killeffer (Ind. Eng. Chem. 1930, 22. 140) found 
that COg was absorbed in the surface layer of 
meat and fish, lowering the pn and preventing 
bacterial growth. Fisk (Food Ind. 1936, 8, 390, 
446, 488, 571, 602) reviews the storage of meat 
in CO 2 and states that 10-20% is often more 
effective than higher concentrations. 

(HI) Milk and Butter .—Alekseev et al. (Amer. 
Chem. Abstr. 1936, 4935) preserved milk and 
butter in COg but reported an acid flavour. 
Kidd and Moran {ibid. 1938, 82, 7593) state that 
fats become rancid and fruit and vegetables 
brown in atmospheres enriched with COg, the 
remedy would be almost entire exclusion of Og; 
storage in pure Ng at 0° doubled the keeping 
quality of butter. 

Margarine .—Lundsgaard (B.P. 468810) claims 
that CO 2 improves the keeping qualities. 

(IV) Storage of Fruit and Vegetables. —C. 
Brooks et al. (U.S. Dept. Agric. Tech. Bull. 
No. 318, 1932 ; No. 519, 1936) found the rotting 
of fruit and vegetables was retarded in atmo¬ 
spheres containing 25% or more of COg but a 
deterioration of flavour limited the time of 
storage. Zagoryanskil (Amer. Chem. Abstr. 
1934, 1417) observed that COg from the 
respiration of the fruit accumulates under the 
paper wrappings in concentrations sufficient to 
inMbit mould growth at 0®. V. H. Blackman 
(Science Progress, 1939,88,417) gives a review of 
fruit storage. Allen and Smock (Amer. Chem. 
Abstr. 1938, 7162) stored fruit in atmospheres 
containing 6-10% COg and 6-11% Og, the pro¬ 
duction of soluble pectin in the fruit was retarded 
and the j>eriod of marketability prolonged. 
Thornton {ibid. 7162) determined the effect of 
COg storage on the vitamin C contents of some 
unripe fruits (diminished) and of ripe fruits (no 
loss). Eaves {ibid. 1939, 88, 265) found usually 
an increase in pu in the juice of fruits which had 
been stored in COg. High concentrations, 
53*6%, of COg depressed and low concentrations 
6*26% stimulated the CO# output of fruits 
during storage for 5 days. Fungal invasion was 
retarded. 

According to U.S.P. 1798781, fruit and 
vegetables are placed in storage in an atmo¬ 
sphere of 40% COg diminished to 16% as the 
temperature falls. 

(V) Straivberries .—Smith (D.S.I.R. Food In¬ 
vest. Bd. Rept. 1937, 166) recommends an atmo¬ 
sphere containing 10% COg and 10% Og main¬ 
tained at 0®. 

(VI) Peaches .—Tindale et al. (Amer. Chem. 
Abstr. 1939, 88, 1828) stored peaches in 8-10% 
COg without improvement as regards fungal 
decay. 

(VII) Bartlett Pears .—Gerhardt and Ezell 
(B. 1938, 842) gave the pears a preliminary 
storage in 20-35% COg, the loss by surface 
scald was reduced. 

(VIII) Pears.—Kidd and West (D.S.I.R. 
Food Invest. Bd. Rept. 1937, 93, 101) state that 
pears ripen when stored at 60-70®F. in an 
atmosphere containing 2-6% Og and 10% COg. 

(IX) PotcOoes. —Stostni^ (Amer. Chem. Abstr. 
1939, 88, 6466) found that potatoes deteriorated 
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when stored in COg^ they lost much starch and 
many rotted, controls in air were satisfactory. 

(X) Storage of Apples. —Kidd and West 
(“ Gas Storage of Fruit,” D.S.I.R. Food Invest. 
Spec. Kept. No. 30, 1927) studied the respira¬ 
tion of apples in COj atmospheres; and Food In¬ 
vest. Bd. Kept. 1924^-6, examined the chemical 
changes during senescence and observed that 
the rate of respiration of apples was halved and 
the length of storage life doubled by storing in 
an atmosphere containing 79% N,, 12% COg 
and 9% Oj. F. Kidd, C. West ancf M. N. Kidd 
{ibid. Spec. Kept. No. 30, 1927; J. Pomology, 
1930, 8, 67) find the optimum atmosphere for 
apple storage contains 10-16% COg and 6-15% 
O2 and is kept at 4-6®C. The results are 60% 
better than ordinary cold storage. Kidd and 
West (Hort. Education Assoc. Yearbook, 1933, 
2, 69), record the optimal atmosphere and tem¬ 
perature for storing 12 named varieties of apples, 
also J. Pomology, 1933, 11, 149. The same 
authors (Ice and Cold Storage, 1935, 38, 169, 
200) arranged for the COj to be supplied by the 
respiration of the apples, so that the cold storage 
atmosphere contained 5% CO^ and 5% and 
its composition was controlled by ventilation; 
in J. Pomology, 1936, 14, 276, they describe 
the storage of Cox’s Orange Pippins at 3-9° 
in an atmosphere containing 2*6% Og and 5% 
COj, an absorbent for COg was provided; in 
Sci. Hort. 1936, 4, 75, they state that the 
suitable concentrations of CO| vary with the 
variety and condition of the apples, harmful con¬ 
centrations are unlikely below 4-5% COj at a 
temperature of34-36° F. In J. Pomology, 1937, 
14, 299, Kidd and West describe the construc¬ 
tion of refrigerated gas-storage chambers, gas 
analysis apparatus and methods of control. 

Ethylene. —^As shown by the following 
references traces of ethylene (and of other 
unsaturated hydrocarbons) in the air of fruit 
storages accelerate ripening, moreover apples 
ripening in ordinary air evolve traces of ethylene. 

Bananas. —Wolfe (Bot. Gaz, 1931, 92, 337) 
accelerated slightly the yellowing of bananas 
by storage in air containing 1:1000-1:10,000 of 
ethylene. Quasi-dormant bananas commenced 
ripening immediately after treatment. Regeim- 
bal et al. (Amer. Chem. Abstr. 1928, 4153) 
observed increased respiration and sugar pro¬ 
duction in air containing ethylene 1:1000. j 
Gane (D.S.I.R. Food Invest. Bd. Rept. 1934, 
122) detected C2H4 by biological tests in air 
which had been aspirated over apples, in this 
air bananas ripened and Mimosa pudica^ which 
is sensitive to C2H4 at 0-1-8 p.p.ra., showed 
effects characteristic of C2H4. Zavanaju (Amer. 
Chem. Abstr. 1937, 6470) found that air en¬ 
riched with 60% Oj was less effective than 
100% C,H 4 or CjHj in ripening bananas and | 
tomatoes. Bananas expos^ to C2H4 for 11 
days contained 13*82% sugar, the controls 
4-62%. Commercial ethylene containing CH4 
30, C,H. 13, Hj 6, CjHe 2-6, CjH, 2*3% 
was much more efficient than pure C2H4, 
but the active constituent has not been recog¬ 
nised. I^nch (ibid. 1937, 81, 2258) su^ests 
that C^4 acts as a co-enzyme to the oxidases 
in the imnana and apple in both natural and 
artificially accelerated ripening. i 


Oranges and Citrus FruUs.-^RamBAy and 
Musso {ibid. 1930, 24, 5390), in experiments on 
colouring oranges with ethylene, found the total 
sugar content and the sugar/acid ratio were not 
altered, but 18% of the original sucrose was con¬ 
verted into fructose. Winston {ibid. 1934, 28, 
4799) observed that decay of citrus fruits 
coloured with C2H4 was caused by CO2, 3-5%, 
accumulated in the colouring rooms. Fruit 
treated with C2H4 coloured as quickly and kept 
as well as fruit coloured by fumes from a kerosene 
stove. Winston and Tilden {ibid. 1935, 29, 243) 
coloured oranges by treatment with ethylene in 
air of 85-92% relative humidity at 80-85°F. 
and confirm that COj should not be allowed to 
accumulate in the colouring room. Winston 
{ibid. 8163) found that acetylene at the same 
concentration coloured citrus fruit less rapidly 
than C2H4, acetylene gave a relative im¬ 
provement in keeping quality and freedom from 
scald, but treatment with either gas impaired 
keeping quality. Egafta and Accrete {ibid. 1936, 
5671) advise treating oranges for 4 days with 
air of relative humidity 75-80% containing 
0-2% C2H4 at 18-20°, renewing the atmosphere 
every 8 hours. 

Tomatoes .—Kohmann (Ind. Eng. Chem. 1931, 
23, 1112) observed the reddening of green 
tomatoes stored for 6 days in air containing 
ethylene 1:5000. Zavanaju {l.c.) coloured 
tomatoes with ethylene, 0-2% showed little 
improvement over 0-1%. 

Apples and Pears.—Science Library Biblio¬ 
graphy No. 129, 1934, ” Gas Storage of Apples.” 
Ethylene is evolved from ripening apples, 
Gane {l.c.). Kamenicky (Amer. Chem. Abstr. 

1937, 31, 5889) ripened apples and pears with 
dilute C2H4 at 18-20°, there was no effect from 
C2H4 b^ow 16°. The treated fruit acquired a 
petroleum flavour and was more liable to spoil 
in air than the untreated fruit. Christensen et al. 
(Science, 1939, 89, 319) describe a microchemical 
determination of the ethylene evolved from 
ripening apples. On the sixth day of storage 
at 65°F. Gravenstein apples yielded 0*2 ml. 
ethylene per kilogram-hour. 

Yeast .—Nord and Franke (J. Biol. Chem. 
1928, 79, 27) found that ethylene stimulated 
enzyme action and that yeast suspensions treated 
with C2H4 fermented glucose more rapidly. 

Plant Growth .—Zimmerman and Hitchcock 
(Amer. Chem. Abstr. 1933, 5780) found the 
growth of willow roots was stimulated by 
acetylene, ethylene or propylene. 

Ozone. —Heiling and Scupin {ibid. 1937, 
5401). Fungal growth on fruit in cold storage 
is considerably reduced in air containing ozone, 
bacteria were not affected to the same extent. 
Gane (D.S.I.R. Food Invest. Bd. Rept. 1936, 
97), Os, 2-3 p.p.m. did not injure some varieties 
of pears and apples in storage at 6° for 17 days, 
40 p.p.m. did not damage oranges. C. H. Lea 
{ibid. Rept. 1936, 26), beef fat and lard become 
rancid if treated for 5 hours with air containing 
6 p.p.m. O3, no rancidity developed in the same 
fats kept in air for 4 months. Ewell (Food Res. 

1938, 3, 101), O5, a few p.p.m., is useful in the 
cold storage of eggs and meat, fatty foods 
become rancid rapidly at O3 concentrations 
winch inhibit bacterial growth on food surfaces 
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containing much HgO. E. W. Riesbeck, “ Air 
Conditioning,” 2nd ed., Goodheart-Willcox Co., 
includes ozonising. B. Waeser (Chem. Fabrik, 
1939, 129), bibliography includes ozone. W. H. 
Cook (Ice and Cold Storage, 1939, 42, 8) reviews 
cold storage of fruits and meat in ozonised air. 
Scupin (Amer. Chem. Abstr. 1939, 1054), states 
that ozone treatment largely inhibited fungal 
and bacterial growth on food-stuffs. Kaess 
(Angew. Chem. 1939, 52, 17), a review of ozone 
treatment. 

J. N. G. 

FOOD PRESERVATIVES.— In Murray’s 
New English Dictionary, a preservative is a 
“ chemical substance or preparation used to 
preserve things subject to decomposition os 
perishable food-stufTs ” ; the earliest quotation 
is, “ Salt is not an effectual preservative,” 
C. Lucas, Ess. Waters, 1756, II, 36; and the 
latest is from the ** Westminster Gazette,” 3/2, 
23 February, 1898, “ a question of great difficulty 
to the public analyst is the introduction of 
preservatives into articles of food.” 

In the Public Health (Preservatives, etc., in 
Food) Regulations, 1925 to 1939, Article 2 (1), j 
‘‘ preservative ” means “ any substance which 
is capable of inhibiting, retarding or arresting 
the process of fermentation, acidification or 
other decomposition of food or of masking any 
of the evidences of putrefaction; but does not 
include common salt (sodium chloride), saltpetre 
(sodium or potassium nitrate), sugars, lactic acid, 
acetic acid or vinegar, glycerine, alcohol or 
potable spirits, herbs, hop extract, spices and 
essential oils used for flavouring purposes or 
any substance added to food by the process of 
curing known as smoking.” 

The decompositions and putrefaction above- 
mentioned are known from the work of Pasteur 
(1822-95) to be associated with the rapid multi- 
pheation of micro-organisms, t.c. bacteria, 
moulds and yeasts ^ in the foods or beverages— 
micro-organisms which may have been present 
in the raw materials or may have infected the 
food-stuff at any or all stages from preparation 
to consumption. Since bacteria or their spores 
are usually abundant in air, water, dust, soil 
and on the hands of workers, almost all food¬ 
stuffs contain living bacteria unless special 
precautions are taken to exclude them. How¬ 
ever, the bacteria will not multiply in or on a 
suitable medium such as a food-stuff unless 
certain conditions are satisfied as regards mois¬ 
ture, temperature, pjj, concentration of the 
products of their metabolism and the absence 
beyond small concentrations of antiseptics or 
preservatives (v. Disinfectants). A great part 
of the mechanism of the degradation of food¬ 
stuffs is operated by the enzymes (q.v.) secreted 
by the cells, enzymes which attack specific 
components of the foods; the classical instance 
is yeast zyynmt (Buchner, Ber. 1897, 80, 117, 
1110) which ferments sugar. The rates of 
growth (multiplication) of different species of 
bacteria and the velocity of action of different 
enzymes severally on their respective substrates 
are retarded by chilling or freezing, by varying 
the pu from the individual optimum or by 

* For convenience “bacteria” will include yeasts 
and moulds. 


adding preservatives or enzyme poisons. Bleyer 
€< al, (Arch. Pharm. 1938, 271, 539) studied the 
separate effects of 15 preservatives on 7 common 
enzymes. By heating above certain minimum 
temperatures, 100° is often sufficient, or by in¬ 
creasing the concentration of preservative both 
bacteria and enzymes are destroyed. For pre¬ 
cautions necessary for resistant bacteria and 
spores, see Medical Research Council, ” A System 
of Bacteriology,” Vols. I and IX, H.M. Stationery 
Office, London, 1929-31. An early experimenter 
on these lines was D. Papin who used steam at 7 
atmospheres pressure for preserving meat, bones, 
etc. (“A New Digester or Engine for Softening 
Bones,” London, 1681). 

Bdcttrial Spoilage .—Haines (Proc. Brit. Asso(\ 
Refrig. 1936-37, 88, No. 1, 134) has classified 
the kinds of spoilage caused by micro-organisms, 
tables of spoiled foods and of the causative 
bacteria are given. 

Preserving Food .—The modern methods of pre¬ 
serving food by cold storage and transport, 
canning, etc., depend on a knowledge of bacterio- 
logy, but the empirical arts of preserving food 
are of great antiquity. The earliest methods 
were (I) drying, in the sun or by artificial heat, 
or (II) curing in wood-smoke, (III) pickling in 
strong brine, or nitre, (IV) in vinegar or alcohol, 
(V) heating and covering with syrup, (VI) or 
with butter, olive oil or spices. (VII) Packing 
in ice, (VIII) or charcoal (J. Sinclair, “ Code of 
Health and Longevity,” 1807, I, 431). Roman 
soldiers received a ration of salt pork, or a pay¬ 
ment salarium ~ salt money (hence salary). 
Processes I, III and V depend largely for their 
success on the difference in osmotic pressure 
between the contents of the bacterial cells and 
the concentrated solutions in contact with them. 
Water passes outwards through the cell wall 
into the solution of high osmotic pressure and 
the cells are damaged or killed {plasmolysis). 
(For bacterial counts in dried foods, see Prescott, 
J. Bact. 1920, 6, 109.) There are, however, 
species of micrococci which flourish in concen¬ 
trated salt solutions (Pettersson, Arch. Hyg. 1900, 
87, 171; Macara, Proc. Roy. Inst. 1937, 89, 657). 

Wood Smoke. —Callow (Analyst, 1927, 52, 
391) found formaldehyde in wood smoke and in 
smoked ham. Pettet (D.S.I.R. Food Investi¬ 
gation Board Report, 1936, 111) estimated 
formaldehyde in wood smoke by Grtitzner’s 
method (Arch. Pharm. 1896, 234, 634) and total 
aldehydes and ketones by Parkinson and 
Wagner’s iodometric method (Ind. Eng. Chem. 
[Anal.], 1934, 6, 433). Pettet and Lane (Chem. 
and Ind. 1940, 59, 258) found formaldehyde, 
acetaldehyde, furfuraldehyde, 6-methylfurfur- 
aldehyde, acetone, diacetyl, methyl and ethyl 
alcohols, phenol, formic and acetic acids in the 
smoke. 

The following authors studied the preser¬ 
vative action of wood smoke: Serafini et aL 
(Hyg. Rundschau, 1890, 267); Valagussa (Ann. 
d’ig. sperim. 1897, 7, 546; Centr. Bakt. 1892, 
11 , 577). Tillmans, “ Handbuch der Lebens- 
mittelchemie,” Berlin, 1933,1, 1002, attributes 
the preservative effect mainly to surface drying 
but also to penetration to some extent of phenol, 
creosote (creosote (1835), by derivation is the 
meat preserver), pyroligneous acid, formaldehyde 
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and other aldehydes. For further references, 
9ee Science Library Bibliography, “ Smoke 
Curing,” No. 427, 1938. 

Vinegar usually contains 4% acetic acid 
(Vol. I, 46d), its preservative action in pickles 
is due mainly to the hydrogen-ion concentration 
(Norton and Hsu, J. Infect. Dis. 1916, 18, 
180; Taylor, Lancet, 1917, ii, 294) but it has a 
specific action on yeasts (Macara lx. 677). The 
phenolic and aldehydic impurities in pyro¬ 
ligneous acid (crude acetic acid from wood dis¬ 
tillation) are considered to confer advantages for 
preserving over synthetic vinegars (c/. Vol. I, 
446, 46c). Liverseege (“ Foods and Drugs,” 392, 
J. and A. Churchill, London, 1932) found that 
common moulds did not grow in vinegar (4% 
acetic acid) but that an organism, not named, 
grew and reduced the strength to 0*3% in 16 
weeks. Vinegar eels have been studied by 
Peters (Analyst, 1928, 53, 661). Analysis .— 
Uranylformate yields characteristic tetrahedra 
with 0-6 mg. acetic acid (Kriiger and Tschireh, 
Mikrochem. 1929, 7, 318). For the estimation 
of SOj in vinegar, see Vol. 1,47d; of formic acid, 
Vol. I, 53c. 

Spices have been highly prized as preser¬ 
vatives from a remote past. Addition of spices 
to food not only masked the odour of putre¬ 
factive products, but also provided genuine 
antiseptics which arrested decay, although this 
was not recognised as lately as 1868 when it was 
still thought that a bad smell might cause an 
epidemic (Drummond and Wilbraham, ” The 
Englishman’s Food,” pp. 35, 371, J. Cape, 
London, 1939). Corran and Edgar (J.S.C.I. 
1933, 52, 149T) tested the effects of various 
spices on fermentation by ordinary yeast. 
Mustard flour was the most efficacious, followed 
in order by cloves and cinnamon. Their volatile 
oils behaved similarly in the order: mustard, 
cinnamon, cloves, thyme and bay leaves. Many 
spices had little or no effect on fermentation. 
Mustard (0-6%) and mustard oil (0-02%) were 
definitely stronger than benzoic acid (0*06%) 
or sulphur dioxide (0*035%) while cloves spice 
was superior to sulphur dioxide and approxi¬ 
mately equal to benzoic acid. The authors agree 
substantially with the majority of earlier workers 
quoted in the paper, excepting James (Food Ind, 
1931, 8, 624) who found cloves or cinnamon 
superior to mustard against B. coU. Fabian, 
Krehl and Little (Food Res. 1939, 4, 269) state 
that ground cinnamon and cloves are the only 
spices active at low concentrations and are 
particularly effective against Staph, aureus. For 
the preservative action of essential oils, see 
Vol. IV, 30d; of peroxides in essential oils, see 
Bechhold, Z. Hyg. 1936-37, 119, 193. 

Hops have considerable preservative proper¬ 
ties which are not diminished by removal of the 
volatile oils by steam distillation. Brown et al. 
(J. Inst. Brew. 1910, 16, 641; 1913, 19, 261) 
state that the inhibitive action of aqueous ex¬ 
tract of hops on a bacterium culture is much 
stronger; weight for weight, than that of phenol, 
cupric sulphate or potassium metabisulphite. 
This meth(^ was standardised by A. C. Chapman 
(ibid. 1926,81,13; 1929,85,363; for colorimetric 
and gravimetric methods, see Walker and Parker, 
ibid. 1936, 42, 267; c/. Applied Chem. Rept. 


1926, 11, 635). The method of determining the 
preservative value ” (P.V.) ” (v. Vol. II, 1046), 
is an estimation of the a- and )5-resin8. Hops 
may contain traces of sulphurous acid from the 
oast houses, but boiling removes or oxidises 
most of the SO3. 

Formaldehyde (v. Vol. IV, 26) as a food 
preservative was finally rejected by a majority 
of authorities on hygiene, although it was argued 
that in concentrations of formalin, 1:25,000 as 
used for preserving milk, the effect on health 
would be negligible (Tunnicliffe and Rosenheim 
J. Hyg. 1901, 1, 321; cf. Wiley. U.S. Dept of 
Agriculture Bureau of Chem. Report No. 5, 
1908). Among those opposing the addition of 
formaldehyde to food were Buchanan and 
Schryver (Food Reports, No. 9, 1909, Local 
Government Board), who beside other argu¬ 
ments quote a testimonial received by a supplier 
of formalin “ my bacon and cheese which were 
previously unfit for food are now saleable 
articles.” Formalin was much used to retard 
the souring of milk (extensive literature, i.a. 
Richmond, Analyst, 1900, 25, 122) until the 
Public Health (Milk and Cream) Regulations, 
1912, prohibited the use of preservatives in 
milk. A preservative was sold for 

milk which was (wrongly) alleged to defy detec¬ 
tion. It contained formaldehyde and sodium 
nitrite, the latter substance added with the object 
of defeating Hehner’s Test (Monior-Williams, 
Local Government Board Food Report, No. 17, 
1912; Analyst, 1912, 37, 156, 178). 

It was objected to formaldehyde that it 
damages the digestive enzymes especially 
trypsin, irritates the mucous membrane of the 
digestive tract and renders the proteins of serum 
insoluble (Schwarz, Z. physiol. Chem. 1901, 81, 
460). Further, while eliminating the odour of 
putrefaction it does not always destroy patho¬ 
genic organisms and acts only slowly on spores 
and toxins (Hailer, Biochem. Z. 1921, 125, 
69; Minott, J. Hyg. 1938, 88, 623). Addition 
of 0*08% to milk was found to inhibit coagula¬ 
tion by rennet (Weitzel, Arb. Rcichsgesundh. 
Amts. 1903, 19, 164). Trillat found formalde¬ 
hyde in freshly smoked meat (Rev. Hygiene, 
1905, 27, 148; cj. ” Wood Smoke,” supra). 
Hexamethylenetetramine also formerly used is 
a disinfectant in acid solution when it yields 
formaldehyde (Hanzlik and Collins, Arch, 
intern. Med. 1913,12,578). Ice containing form¬ 
aldehyde has been suggested as a preservative. 

Detection.—Phloroglucin reaction according to 
Sabalitschka and Hamisch (Pharm. Zentralh. 
1926, 67, 289). Mix 2 c.c. of the test solution 
with a freshly prepared reagent consisting of 
2 c.c. of 1% phloroglucin and 1 c.c. of 10% 
KOH; a characteristic fugitive red or pink 
colour which disappears in 12 minutes is given 
by dilute formaldehyde solutions. The colour 
fades gradually to yellow and then turns to blue- 
violet, the latter coloration is shown by the 
reagent alone on standing. Red colorations 
given by butyraldehyde and acetaldehyde last 
4 and 6-8 minutes respectively, furfuraldehyde 
gives a permanent red colour {cf. Rosenthaler, 
ibid. 1932, 78, 737). 

Phenytkydrazine Reaction. —Rimini (Z. Unters. 
Nahr. Genussm. 1898, 1, 858) mixed 16 c.c. of 
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test solution with 1 c.c. aqueous 4% phenyl- 
hydrazine hydrochloride, and 3-4 drops of also 
freshly prepared 0-5% sodium nitroprusside 
solution, then made strongly alkaline with a few^ 
drops of cone. NaOH. A blue coloration is 
given by formaldehyde, limit 1 p.p.m. Acet¬ 
aldehyde, furfurol, benzaldehyde, acetone and 
methyl alcohol do not react in this way, boric 
acid does not interfere. The mixed reagents 
alone give a red colour. Schryver’s modification 
is more sensitive (Proc. Roy. Soc. 1910, B, 82, 
226). The reagents added to 10 c.c. of the test 
solution are: 2 c.c. of freshly prepared and 
filtered 1% phenylliydrazine hydrochloride, 
then 1 c.c. of fresh 5% potassium ferricyanide, 
finally 5 c.c. of cone, hydrochloric acid. A 
brilliant magenta colour indicates formaldehyde 
and its intensity gives an indication of the 
quantity present within the limits 1:10* and 
1:10*. Fincke's test (Z. Unters. Lebensm. 
1914, 27, 246) is carried out with a modified 
SchifiF’s reagent with which acetaldehyde gives 
only a fugitive colour, while furfuraldehyde does 
not interfere with the relatively permanent 
colour which develops in presence of formalde¬ 
hyde. Denig^s’ method (Compt. rend. 1910, 
160, 629) is very similar and is operated by 
Elvove (Ind. Eng. Chem. 1917, 9, 295) for 
colorimetric purposes with a reagent prepared 
from anhydrous sodium sulphite. 

Dimedon (6:5-DimethyIdihydroresorcinol) q.v. 
precipitates formaldimedon crystals, m.p. 189°, 
even from 0*004% HCHO solutions, a test 
suitable for microchemistry ; with a solution con¬ 
taining 0*00005% HCHO, a distinct turbidity 
is visible after standing 4-^ hours (c/. Jonescu 
ei al. Bull. Soc. Chim. 1930, [iv], 47, 1408). 
The corresponding acetaldimedon has m.p. 139° 
(Vorlander, Z. anal. Chem. 1929, 77, 321). 

Formaldehyde (/) and Hexarmthyleneietramine 
(II) (R. Fischer, Z. Unters. Lebensm. 1934, 
67, 171).—The separation depends on the fact 
that II is not appreciably decomposed when an 
alkaline solution of (I) and (II) is cautiously 
warmed on the waterbath. The micro-beaker 
containing the solution is covered with a slide 
carrying a few crystals of dimedon in a suspended 
water drop, very fine needles (m.p. 189°) of 
formaldimedon are formed. The contents of 
the beaker are evaporated to dryness finally 
over HaS04 in vacuo^ 0*5 c.c. water added and 
the test for (I) with dimedon repeated, this 
should now be negative. The liquid is acidified 
with excess of H2SO4 and warmed when the 
test now gives a positive result from the (1) 
liberated. Finally the liquid is made alkaline 
and warmed beneath a slide carrying a drop of a 
suspension of dinitro-a-naphthol, the N H3 
formed in the decomposition of (II) reacts to 
form needles, m.p. 176° (Klein and Steiner, 
Jahrbticher wissensch. Botanik, 1928, 68 , 602). 
Sensitivity (I) 20pg.; 1:100,000 with2 c.c. solution; 
with 10 c.c. in a small flask, 1:260,000. For the 
technique, see R. Fischer, Archiv, Pharm. 1933, 
271, 466; cf, Kollo and Polychroniade, Pharm. 
Zentralh. 1932, 78, 678). (II) may be detected as 
the ferrocyanide, Behrens-Kley, “ Organische 
Mikrochemische Analyse,” 2nd ed. 1922, p. 67. 

HehneFs (Tryptophan) Reaction (literature 
cited by H. Meyer, ** Nachweis und Bestim- 


mung organischer Verbindungen, Berlin, 1933, 
47).—About 0*1% of peptone, casein or albumen 
or 2 c.c. fresh milk (free fern aldehydes) is 
dissolved in 6 c.c. of the test solution, to this is 
added 7 c.c. of 25% HCL containing 0*02% 
ferric chloride, and the mixture gently boiled 
for about 30 seconds: formaldehyde gives a 
violet coloration (Leonard and Smith, Analyst, 
1899, 24, 86). Heimrod and Levene (Biochem. 
Z. 1910, 25, 18) mix 1 c.c. of the original solu¬ 
tion with 1 or 2 c.c. syrupy phosphoric acid 
(d. 1*7) 1 drop of a dilute solution of peptone 
(v. supra) in phosphoric acid followed by 1 drop 
of 5% FeClg solution. Cone. H2SO4 is then 
poured below the cold solution, when a violet 
zone appears if aldehydes are present. If 
Hehner’s reaction with the same specimen is 
negative, formaldehyde is absent, if both tests 
are positive another aldehyde may be present as 
weU as formaldehyde. 

Fluorides.—The manufacture or sale of any 
article of food containing any addition of 
fluorides is an offence under the Preservatives 
in Foods Regulations. The 1924 Report of the 
Departmental Committee considered fluorides 
to be among the most objectionable preserva¬ 
tives. They are also among the most effec¬ 
tive : Gottbrecht found that hydrofluoric acid 
in 0*1% solution prevented putrefaction of meat 
(Ther. Monatsh. 1889, 3, 411). Fluorides were 
formerly added to butter to prevent mould 
growth (Monier-Williams, “ Food and the Con¬ 
sumer,” Inst. Chem. Lecture, 1936, 5). Rost 
(14th Intemat. Congr. Hyg. 1907, 4, 166) re¬ 
ported that fluorides were cell poisons and 
and specifically harmful for the metabolism of 
bones and teeth. It was discovered in 1890 
that cattle fed on the spent grains of German 
distilleries in which Effront’s antiseptic for yeast, 
hydrofluoric acid, had been used, developed 
brittleness of the l^nes. 

The Chief Medical Officer of the Ministry of 
Health (Annual Report, 1937) records that the 
presence of fluorine, 2-5 parts per million, in 
water supplies was sufficient to cause “ mottled ” 
teeth; he remarks that there is no evidence 
that fluorine even in the smallest amount is 
an essential constituent of bones or teeth 
(cf, Vol. II, 27c). T. von Fellenberg (Mitt. 
Lebensm. Hyg. 1937, 28, 160) found 0*006% in 
milk teeth. As a result of this fluorine disease, 
better known in the United States than in 
England, the enamel becomes brown and may 
bo destroyed. (A. 1937, 364, three references; 
Monier-Williams, l.c.; Ellis and Maynard, 
Amer. Chem. Abstr. 1937, 436). Phosphate 
fertilisers containing 3—4% F may cause con¬ 
tamination of well water. The use of barium 
fluosilicate and of cryolite sprays is suspect, since 
fruit mav retain 3-6 parts F per million (Ministry 
of Health, l.c.). Griebel et al. (Z. Unters. 
Lebensm. 1938, 75, 306) analysed apricot pre¬ 
serves which had been the cause of several out¬ 
breaks of fluorine poisoning. 

Detection (Vol. II, 676a, 682a).—The oolori- 
metric methods may be employed: lanthanum 
acetate detects 0*01 mg. F in 10 c.c. (Meyer and 
Schulz, Z. Angew. Chem. 1926, 88, 203). Zir¬ 
conium alizarinsulphonate is approximately as 
sensitive (de Boer, Chem. Weekblad, 1924, 21, 
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404; Smith et ah, Ind. Eng. Chem. [Anal.], 
1934, 6, 61). Ulex (Chem.-Ztg. 1925, 49, 846) 
employed the La method to detect F naturally 
present in egg yolk. The spectroscopy of the 
sensitive characteristic CaFj band (Ryde and 
Yates, Trans. Soc. Glass Tech. 1926, 10, 274) 
should be mentioned. For spot tests, see Feigel, 
“ Qualitative Analyse-Tupfelreaktionen,'* 2nd ed. 
Leipzig, 1935, 283. 

Determination {v, Vol. II, 607c, as PbCIF; 
p. 6735, pertitanate, colorimetric).—Dan Dahle 
(J. Assoc. Off. Agric. Chem. 1937, 20, 205; 1938, 
21, 208; 1939, 22, 338) describes four methods 
of determining fluorine which have been studied 
collaboratively: (a) peroxidised titanic salt, 
(5) and (c) thorium nitrate titration, (d) Arm¬ 
strong’s microtitration. None of these methods 
have given complete satisfaction (1939) for 
small proportions of F. T. von Fellenberg (l.c.) 
found about 0-3 mg. F per litre in wine, employ¬ 
ing Willard and Winter’s thorium nitrate method 
(Ind. Eng. Chem. [Anal.], 1933, 5, 7; Winter, 
J. Assoc. Off. Agric. Chem. 1936, 19, 362). 
Lockwood (Analyst, 1937, 62, 775) modified the 
method to avoid a serious error in presence of 
Mn. Griebel et al. (l.c.) claim to avoid distil¬ 
lation by ashing with CaO and Cu (OAc)2 in a 
known modification of the zirconium method 
(cf. 3 references A. 1934, 500). McClure 
(“ Fluorides in Food and Drinking Water,” 
Nat. Institute Health, Bull. No. 172, Washington 
1939) prefers Armstrong’s micro method (Ind. 
Eng. Chem. [Anal.], 1936, 8, 384) incorporating 
the distillation described by Hoskins and Ferris 
(ibid, 6). In the U.S., sprayed fruit must not 
contain more than 2-8 p.p.m. of F {cf. Ministry 
of Health, supra). 

Nitrates and Nitrites. —Nitrates are not 
classed as preservatives in the Public Health 
(Preservatives, etc., in Food) Regulations, 1926 
to 1927, and by Provisional Regulations, October 
20, 1939, sodium or potassium nitrite is per¬ 
mitted in bacon, ham and cooked pickled meat. 
The nitrites mentioned may not exceed 200 parts 
per million (as NaN02) in cooked pickled meat, 
there is no limit stated for bacon or ham. 
Although the experimental animals showed no 
obvious effects an opinion adverse to nitrites 
(in flour) was formerly adopted (Food Inspectors’ 
Reports, No. 12, 1911, (jd. 5613). The maxi¬ 
mum now specified, 1*4 grains per lb., may be 
compared with the medicinal dose 4-2 grains 
(B.P.C. 1934). 

The permission is of interest in connection 
with researches carried out by the Food Investi¬ 
gation Board on the denitrifying organisms in 
the bacon pickle, strong brine containing addi¬ 
tions of potassium nitrate and sugar (cf, 
Horowitz-Vlassova, Z* Unters. Lebensm. 19^, 
62, 596). The majority of the organisms in the 
pickle are micrococci capable of growth in media 
containing as much as 20% NaCI (halophiUs), 
some varieties of these reduce nitrate to nitrite 
(Maoaro, Proc. Roy. Inst. 1937, 29, 676). In 
investigating these bacilli it was found that 
glucose was oxidised at the same time that 
nitrate was reduced (D.S.I.R. Food Investig. Bd. 
Rent. 1936, 8). Nitrite reacts with the heemo- 
globin of the bacon producing in the absence of 
oxygen nitroso-hsemoglobin with the character- 
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istic pink colour. The brown discoloration seen 
on the surface of bacon is methsemoglobin 
formed when oxygen is present. The reaction 
has been investigated by J. Brooks (Proc. Roy. 
Soc. 1937, B, 128, 368). 

Analytical (qualitative, Vol. 11, 612c; colori¬ 
metric, Vol. II, 673c).—The determination of 
nitrite in presence of nitrate was carried out by 
the method of Baumgarten and Marggraff (Ber. 
1930, 63 [B], 1019) who measured th^e nitrogen 
evolved in the reaction, 

NaNOg+NHgSOaH-NaHSOi+HjO+Nj. 

Lutzenko (J. Appl. Chem. Russ. 1937, 10, 948) 
applied the amidosulphonic reagent to the 
analysis of curing pickles, and washed the nitro¬ 
gen with KOH to remove COo and SOg before 
measurement. J. Brooks and J. Pace have 
devised a delicate manometer for use with small 
quantities (D.S.I.R. Food Investig. Bd. Rept. 
1938, 77). lodometric titration in a COo atmo¬ 
sphere with or without addition of urea (Vetror, 
J. Applied Chem. C.S.S.R. 1936, 9, 1363 (in 
English)) has no apparent advantages. 

W- Pliicker (Z. Unters. Lebensm. 1934, 68, 
187) recommends two methods for determining 
nitrite in pickling salt, i.e. in presencjp of sul¬ 
phite, nitrate and sugar (sucrose): (o) Gross- 
mann-Peltzer’s method depends on the reaction, 

SNaNOg-f H2SO4 

-Na2S04+NaN08+2N0+H 2 O ; 

10 g. of the sample are dissolved in 160 c.c. of 
water and neutralised to phenolphthalein, 15 c.c. 
of NJiO H2SO4 are then added, the mixture is 
boiled to expel nitrous fumes, cooled and 
titrated back wdth N/10 NaOH (Chem.-Ztg. 
1932, 56, 383). (6) Raschig leads a rapid cur¬ 
rent of CO2 through the nitrite solution, adds 
10 c.c. 10% K1 solution, waits 2-3 minutes and 
then acidifies with 1 c.c. of sulphuric acid 
(490 g./l.). After further 2 minutes standing 
the liberated iodine is titrated with A/10 thio¬ 
sulphate (Ber. 1905, 38, 3911). Sulphite and 
nitrite in presence of sugar; 10 c.c. Y/IO iodine 
containing 1-0 g. CaC03 in suspension is 
titrated with the solution of the pickling salt, 
this gives SOg only. Nitrite in the titrated 
solution is then found by Raschig’s method— 
Peltzer-Grossmann's cannot be used at this 
stage. 

If sulphites are present Sherratt (Analyst, 
1937, 62, 267) reduces nitrate and nitrite by 
adding hydrazine sulphate to a strongly alkaline 
solution which is then boiled in a current of 
inert gas, phosphoric acid is added and the SOo 
boiled off and collected in HjOg in the usual 
way. 

Pfliicker (Z. Unters. Lebensm. 1934, 68, 196) 
recommends the removal of nitrite from a 
mixture with nitrate by Fischer and Stein bach’s 
method (Z. anorg. Chem. 1912, 78, 134) in 
which the concentrated solution is added to a 
small flask containing a mixture of methyl 
alcohol and of sulphuric acid (1:10), a current 
of CO 8 is then passed through the liquid until 
all the nitrite is removed as MeNOj, b.p. —12®, 
the excess of methyl alcohol is evaporate on the 
water bath and the residual liquid tested for 
nitrate. Eegriwe (Z. anal. Chem. 1926, 69, 
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384) teste for nitrites and nitrates by a sensitive 
reaction with Safranine AN extra, B or T. 

Lactic Acid is not prohibited in PubHo 
Health (Preservatives, etc., in Food) Regula¬ 
tions possibly because of its formation by fer¬ 
mentation of sugar in presence of common salt 
in the manufacture of sauerkraut and other 
pickles. Serger and Clarck (Konserven-Ind. 
1931, 18 , 375) state that lactic acid alone does 
not prevent the growth of moulds. As regards 
taste 1 part of acetic acid is equivalent to 1*28 
parts of lactic acid. Katz (Bakers’ Weekly, 
1934, 82 , 37) added lactic acid to bread dough 
to arrest the development of spores of B. 
meaeTdericuSf the organism which causes “ ropi¬ 
ness.” For lactic acid in the manufacture of 
cheese (see Vol. II, 526c). According to Rost 
(Arb. Reichsgesundh.-Amt. 1917, 50, 405) lactic 
acid is not more irritant than tartaric and citric 
acids and is a satisfactory addition to food. It is 
a natural constituent of fruits, apple (max.) 9*1, 
blackberrv (max.) 20-2 mg./lOO g. (Hillig. J. 
Assoc. Off. Agric. Chem. 1937, 20, 303 ; cf. 
130); Yoghurt contains 2 % (Mazhar ei al. 
Chem.-Ztg. 1932, 66 , 46), bread about 0 - 3 %, 
wine 0-05-0-5%, beer 0*3-0-8% (Bicker, l)eut. 
med. Woch, 1932, 68 , 1562). For uses of lactic 
acid, see Serger and (Clarck, Kklte-Ind. 1920, 17 , 
351 ; 1921, 18 , 375. Fabian and Wadsworth 
(Food Res. 1939, 4 , 499, 611, 621) state 
that in pickles the total acidity should be not 
less than 2% as AcOH, of which 20-40% may 
be lactic acid calculated as AcOH. Lactic 
acid alone is far inferior to AcOH. 

Detection ,—There are several tests depending 
on colour reactions for acetaldehyde which is 
formed when lactic acid is oxidised. Herzog 
(Annalen, 1907, 851, 263) oxidises silver lactate 
with iodine and collects the acetaldehyde 
formed in a little water in a test tube, to this is 
added a few drops of sodium nitroprusside 
solution and piperidine, a blue coloration turn¬ 
ing violet, red and finally yellow, on addition of 

1 drop of NaOH indicates acetaldehyde. Form¬ 
aldehyde and furfuraldehyde do not give the 
reaction, malic acid, however, yields acet¬ 
aldehyde when oxidised. 

Denig^s (Bull. Soc. Chim. 1909, [iv], 5, 647) 
heats 0*2 c.c. of test solution (less than 2 % con¬ 
centration) with 2 c.c. sulphuric acid for 2 
minutes in a water bath, and after cooling adds 

2 drops of a 6 % guaiacol solution in alcohol, 
lactic acid gives a magenta colour, 0-01 mg. a 
pink coloration. The guaiacol may be replaced 
by other phenols of which p-cresol, 1 % solution, 
is the most sensitive (Capelli, Amer. Chem. Abstr. 
1926, 3732). For a colour reaction with KCNS 
and HCI, not discharged by HgCl 2 see Germuth, 
Ind. Eng. Chem. 1927, 19 , 862. Fletcher and 
Gowland Hopkins describe a colour reaction 
with H 2 SO 4 , CUSO 4 and thiophen (J. Physiol. 
1907, 85 , 247 ; J.C.S. 1907, 92 , ii, 373). 

Microchemical. —^Behrens-Kley, “ Organische 
Mikrochemische Analyse ” ( 2 nd ed., L. Voss, 
Leipzig, 1922) recommends the formation of 
cobalt lactate and of cobalt lead lactate, rather 
than zinc lactate. Klein and Wenzl (Mikro- 
chem. 1932,11, 73) use the Zn, Cu and Th salts. 
Griebel and Weiss (Z. Unters. Lebensm. 1928, 
56 , 168) oxidise lactic acid to acetaldehyde with 


KMn 04 in a micro beaker (Griebel, ibid. 1924, 
47 , 438) and add p-nitrophenylhydrazine, and 
may be used (Brady and Elsmie, Analyst, 1926, 
61 , 77). For “ Estimation,” see Smith, Analyst, 
1938, 68 , 777. 

Benzoic Acid is recorded as a preservative in 
beer worts (E. von Meyer and Kolbe, J.C.S. 
1876, i, 959) about the time of its first large 
scale production from bonzotrichloride (Lunge 
and Petri, Ber. 1877, 10 , 1275). Certainly since 
this date and possibly earlier it has been a 
popular preservative. Benzoic acid was studied 
by Miquel, and Hehner in 1891 comments 
on its extensive use for preserving foods. Re¬ 
stricted amounts of benzoic acid are permitted 
in certain beverages by the Preservatives in 
Foods Regulations (v. infra). It has therefore 
been in continuous use for at least 64 years and 
no other synthetic organic preservative may be 
used in Great Britain at the present time. (For 
an account of its antiseptic action, see Dis¬ 
infectants, Vol. IV, 28). The pharmacology 
of benzoic acid has been thoroughly investigated. 
Taken internally it is detoxicated by conjugation 
with glycine to form the harmless excretory 
product hippuric acid (for this defensive process, 
see B.P.C. 1934, 16; C. R. Harington, J.C.S. 
1940, 119). The extensive use of benzoic acid 
and sodium benzoate for preserving food in the 
U.S.A. led to Wiley’s researches (C.S. Dept. 
Agric. Bureau of Chem. Bull. No. 84, Pt. 4, 
1908) in which these substances were described 
as injurious. Accordingly their use was pro¬ 
hibited by Food Inspection Decision, No. 76 
of 13/7/07. However, the opposition of manu¬ 
facturers was followed by the issue of F.I.D. 
No. 89 which restored their legality pending 
decision by a Referee Board. The Board 
reported that in the quantities added to foods, 
sodium benzoate was harmless. No attempt 
was made to reconcile the two opinions, and 
F.I.D. No. 104 and 107 both of 1909 permitted 
additions of sodium benzoate to foods (Folin, 
“ Preservatives and other Chemicals in Foods,” 
Harvard University Press, 1914). For a review 
of the literature, especially German references, 
see Tillmans ” Handbuch dor Lebensmittel- 
chemie,” 1933, I, 997. J. C. Krontz (J. Assoc. 
Off. Agric. Chem. 1936, 19 , 206; Amer. J. 
Pharm. 1936, 108 , 262) repoii» benzoic acid in 
1:900 dilution as effective against moulds and 
bacteria; sodium benzoate even at 1 % gave poor 
results in neutral media (Lucas, J. Amer. Med. 
Assoc. 1910, 64 , 769), even good brands may 
impart a slightly objectionable flavour at con¬ 
centrations of 0*06-0‘l% (Tressler, Joslyn and 
Marsh, “ Fruit and Vegetable Juices,” New 
York, 1939, p. 36). 

Detection and Estimation .—(For qualitative 
tests, see Vol. II, 6706). A new method for 
determining benzoic acid and a review of the 
literature were published by Monier-Williams 
(Reports on Public Health and Medical Subjects, 
No. 39, H.M. Stationery OflSce, 1927; Analyst, 
1927, 52 , 672). The author describes the steam 
distillation of the fruit etc., immersed in 
saturated NaCI solution acidified with HjPOj, 
the oxidation of impurities in the distillate with 
KMn 04 , and finally extraction with a solvent 
and subliming the extract as benzoic acid 
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which is weighed. Miic (J. Assoc. Off. Agric. 
Chem. 1939, 22, 305) modifies the method and 
can recover added 0-05 g. BzONa in control 
experiments to ±0-0076 g. 

Monier-Williams states that Mohler’s is the 
most sensitive qualitative test (Grossfeld, Z. 
Nahr. Genussm. 1916, 30, 271). A colorimetric 
modification has been devised by lUing, Analyst, 
1932, 67 , 244; 1939, 64 , 586), the stages are— 
nitration of benzoic acid to dinitro and re¬ 
duction to diaminobenzoic acid, addition of 
ammonia and colorimetry of the orange-red 
solution. Another, but less delicate test is 
Jonescu’s (J. Pharm. Chim. 1909, [vi], 29 , 623; 
Z. Nahr. Genussm. 1910, 19 , 137). This dej^nds 
on the oxidation of benzoic acid to salicylic 
acid. The steam-distillate, from the sample 
immersed in dilute H 2 SO 4 , is extracted with 
ether, and the dry extract dissolved in 1 c.c. 
warm water; 1 drop of 0-3% HgOg and 1 drop 
of FeCIa 2-9%, are added and the solution 
then heated in a water bath. In the absence 
of phenolic bodies and of saccharin, the pro¬ 
duction of a violet colour indicates benzoic acid. 
Leather (Analyst, 1931, 66, 299) has described 
a rapid test based on Hink’s method (ibid. 1913, 
38, 655). In one food laboratory the following 
method has been found convenient: the benzoic 
acid is separated from the sample by steam dis¬ 
tillation in presence of CaClg and HCI (NichoUs, 
ibid. 1933, 68, 4) and extracted from the distil¬ 
late with ether, the crude benzoic acid after 
purification with KMn 04 is eventually oxidised 
by H 2 O 2 to salicylic acid which is determined 
colorimetrically with FeClg (NichoUs, ibid. 
1928, 63 , 19) as modified by Edwards, Nanji 
and Hassan (ibid. 1937, 62 , 172), Gangl and 
Lorenz (Osterr. Chem.-Ztg. 1934, 37 , 90, 99) 
precipitate proteins with Carrez reagents 
(K 4 Fe(CN), and iZnS^^ 4 ) at alkahne reaction, 
filter, acidify the filtrate, shake with dilute 
NaOH and add a solution of KOH in isopropyl 
alcohol to precipitate BzO K ; esters of p- 
hydroxybenzoic acid remain in solution but the 
free acid yields an insoluble K salt. The' 
separation is effected by heating to 100® with 6% 
KMn 04 , BzOK is not altered but the hydroxy 
acid is decomposed. (For a simpler method 
of extraction, see Applied Chemistry Reports, 
1926, 10, 636.) 

Benzoic Acid Group of Preservatives.— 
There are no less than eight now weU-known 
preservatives and two sweetening agents which 
are soluble in ether and are separable from food¬ 
stuffs by the methods adopted for benzoic acid. 
(The sweetening agents must be considered here 
oi;<dng to their effect on the tests for preser¬ 
vatives.) The group includes the following 
acids: benzoic, salicylic, cinnamic, p-hydroxy- 
benzoic, 7 )-chlorobenzoic, o-chlorobenzoic; the 
esters: **Nipagin Af,” methyl p-hydroxyben- 
zoate; “ Nipagin A ” the corresponding ethyl 
and “ Nipasol ” the corresponding propyl ester; 
the sweetening agents saccharin and dulcin 
(q.v.v.). The esters mentioned and their Na 
Salts together with the benzyl ester, were 
patented and introduced by SabaUtschka (Z. 
angew. Chem. 1929, 42 , 936; Pharm.-Ztg. 1930, 
76, 454). Sodium p-chlorobenzoate known as 
** Mikrobin *’ was recommended for fruit juices 


(v.d. Heide et al., Z. Unters. Lebensm. 1927,63, 
487). For other esters, trade names and tests, see 
Jansen, Chem. Weekblad. 1936, 33, 239. 

The tests of T. von Fellenberg, et al. (Mitt. 
Lebensm. Hyg. 1932, 23, 111) distinguished 
between p-hydroxybenzoic acid and benzoic 
acid, and the esters of the former acid were 
separated from benzoic acid and salicylic acid by 
R. Fischer and Stauder (Mikrochem. 1930, 8 , 
330). Systematic separations of the 11 sub¬ 
stances of the “ benzoic acid group ” have been 
described by R. Fischer (Z, Unters. Lebensm. 
1934, 67, 161). The method begins with the 
ether solution of the preservatives (obtained by 
known means from the food-stuff) which is 
shaken with dilute NaOH, only dulcin remains 
in the ether (1). The aqueous layer is acidified 
and extracted several times with light petroleum 
(II) which leaves only p-hydroxybenzoic acid 
and saccharin in the aqueous solution from which 
they are removed by extraction with ether (III). 
Each extract after drying with Na 2 S 04 is 
evaporated drop by drop in a small dish (diam. 
14 mm. height 4-5 mm.; cf. R. Fisher et al., 
ibid. 1931, 62, 658). Microsublimations are then 
carried out in a simple modification of the micro¬ 
melting-point apparatus (Kofler and Hilbck, 
Mikrochem. 1931, 9, 38; Fischer, 1933,13, 123) 
and observations made of the sublimation 
temperatures (S.T.), m.p., extinction with a 
polarising microscope and chemical reactions. 


Exteact II. 



S.T. CO. 

°0. 

M.p. 

Extinc¬ 

tion. 

1. Benzoic acid 

55 

121 

11 

2. **Nipagin M '* . 

70 

allO; 

II’ 



p\20 


3. Ethyl p-hydroxy- 




benzoate 

70 

116 

!l 

4. ^^NipasoV" . 

70 

97 

II 

5. 0 - Chlorobenzoic 




acid . 

75 

142 

11 

6. Salicylic acid . 

80 

157 


7. Cinnamic acid . 

90 

133 

11 

8. p - Chlorobenzoic 




acid . 

96 

236 

II 

^ Polymorphic, Amer. Chem. Abstr. 1939, 6274. 

Extract III. 



S.T. CO. 

M.p. 

Extinc- 


®C. 

1 

tion. 

9. p - Hydroxy ben- 




zoic acid 

135 

213-214 

— 

10. Saccharin . 

150 

221 

1 

II 

Extract I. 


S.T. CO. 

M.p. 

Extinc- 


®C. 

®C. 

tion. 

11. Dulcin . . . 

130 

173 

•— 
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If Tanillin is present it would interfere and is 
removed by shaking the original ether solution 
with semicarbazide hydrochloride and sodium 
acetate. The alcohol radicles of the esters are 
identified by saponification, oxidation of the 
alcohol obtained to the aldehyde followed by 
the application of aldehyde reagents, dimedon, 
m-nitrophenylhydrazine and thiosemicarbazide. 

Valencien and Deshusses (Mitt. Lebensm. Hyg. 
1939,80,88) estimate the esters bromometrically. 
Monier-Williams (Report., 1927, 80, 31) points 
out that to some extent saccharin may be 
changed during the analysis into ammonium sul- 
phobenzoate, by the action of hot acids. The 
alternative extraction of the food-stuff with 
NaHCOg avoids this difficulty. Sabalitschka 
(Mikrochim. Acta, 1937, 2, 111) describes an 
alkaline extraction of preservatives from fatty 
food stuffs. The method of Diemair et al. 
(Mikrochem. 1938, 25, 247) applies to meat and 
fish. Edwards, Nanji and Hassan (l.c.) rely on 
reactions for identifying p-hydroxybenzoic acid 
and its derivatives, as do Stevenson and Resug- 
gan (Analyst, 1938, 58, 152) and P. von Auf- 
schnaiter (Amer. Chem. Abstr. 1939, 1439). 

The esters are permitted preservatives in 
Norway, Hungary, Jugo-SIavia, Roumania and 
Germany (Sabalitschka, B. 1937,977); according 
to the same author (Z. Unters. Lebensm. 1939, 
77, 256) they have anti-oxidant properties. The 
effective antiseptic concentrations of the esters 
in Turtiainen’s experiments (Zentr. Bakt. I, 
1937, 139, 98) were: benzyl ester {**Solbrol E.”), 
0-()02-0 008%; propyl ester, 0’06%; methyl 
ester, 0*25%. 

Alcohol (v. Alcohol, Alcoholometry). —If 
methyl alcohol is detected in ethyl alcohol used 
for preserving, the addition of methylated spirit 
may be the explanation (for the usual tests, 
some tedious, v. Vol. I, 184a, 191c). A rapid 
preliminary test is described by Eegriwe 
(Mikrochim. Acta, 1937, 2, 329) ; to 1 drop of 
40 vol. per cent, alcohol add successively 1 
drop of 7% phosphoric acid, 1 drop of 5% 
KMnOi and after 1 minute particles of sodium 
bisulphite until the solution is colourless, 4 c.c.' 
H.SOi (15:10 vol. H-O) are now aximixed 
followed by a few particles of chromoiropic dcid, 
the solution is heated to 60° for 10 minutes, 
allowed to cool and observed after 5 minute. 
A violet-pink colour indicates formaldehyde and 
hence methyl alcohol, limit 3’5/ig. in a dilution 
1:13,600. (Ordinary alcohols and acetaldehyde 
do not interfere, glycerin gives a yellow colour 
with a green fluorescence, sugars give a yellow 
colour, the test would be carried out with a 
distillate. It should be mentioned that T. von 
Fellenberg found methyl alcohol in Swiss 
liqueurs distilled from fermented fruits (Biochem. 
Z. 1918, 85, 45) and Flanzy’s method (Compt. 
rend. 1934, 198, 94) detects 0-1% MeOH in 
fermented liquors. 

Sugar.—The preservative effect of sugar, as 
of salt and saltpetre, is due to the osmotic 
pressure of concentrated solutions. This pro¬ 
perty of sugar solutions is well shown in the case 
of jams, which, when boiled to a concentration of 
about 70-72% (depending on the percentage 
of insoluble matter present), are not susceptible 
to mould growth, provided the jams are in con¬ 


tact with an atmosphere of relative humidity 
not higher than 82%. Any deposit of moisture 
on the surface produces locally a less concen¬ 
trated sugar solution which allows moulds to 
grow. 

Salt, sodium chloride; the osmotic effect of 
a salt solution is much greater than that of a 
sucrose solution of equal concentration owing 
to its lower molecular weight, 58*4:342*3, and 
dissociation into ions. When immersed in a salt 
solution the cell wall of the bacillus behaves as a 
semipermeable membrane and the cell is de¬ 
prive of water when the outer liquid has a 
higher osmotic pressure than the cell contents, 
thus the inhibitory effect is due to partial de¬ 
hydration of the proteins in the bacterial cell 
(Medical Research Council, “ System of Bacterio- 
logy,” III, p. 83). By this process the growth 
of most bacilli and spores is inhibited, the halo- 
philes have, however, exceptional resistance. (For 
examples in practice, ses Macara, l.c. 662, 677 ; 
for history of salt, sec C. G. Giimpel, “ Common 
Salt,” London, 1898, J. J. Manley, “ Salt and 
other Condiments,” Ix)ndon, 1884). Although 
salt is a preservative it may itself be con¬ 
taminated with bacteria (Milne, Pharm. J. 
1938, 140, 81). 

Glycerin is a permitted preservative in the 
Public Health (Preservatives, etc., in Foo<i) 
Regulations. Pharmaceutical extracts of glands 
and vaccines, e.g. calf lymph, contain consider¬ 
able amounts. Diluted it is a component of 
culture media for tubercle and other bacteria. 
It may be sterilized by heating for 1 hour to 150°. 
Its efficiency as a germicide has been questioned 
by Ruediger (J. Amer. Med. Assoc. 1915, 64, 
1529) and by Goodrich (Pharm. J. 1917, 98, 453 ; 
Brit. Med. J. 1917, i, 647). Fine and Olsen (Ind. 
Eng. Chem. 1928, 20, 652) state that baked 
cereal products containing 0-6% glycerin can be 
stored in a warm climate without developing a 
” tallowy ” taint. 

Detection .—Frehden and Chen-Hua Huang 
detect glycerine by concentrating the solution 
at 100° in a micro-crucible, crystallised oxalic 
acid is then added and the crucible heated to 
105°. The contents are then mixed with 
saturated alcoholic hydroxylamine hydro¬ 
chloride, rendered alkaline with alcoholic KOH 
and heated to start the reaction, acidified with 
alcoholic HCI and a drop of FeCI, added, a 
violet colour indicates the hydroxamic acid 
derived from monoformin if glycerin was present 
in the solution, limit 40/xg. (Mikrochem. 1934, 
15, 12). T&ufel and Thaler (Z. anal. Chem. 1933, 
235) have improved the acraldehyde test: 
the dried aqueous extract, evaporated with ex¬ 
cess of a paste of lime, is treated with excess of 
absolute alcohol and ether and the dry extract from 
this solvent is distilled with crystallised phos¬ 
phoric acid. The distillate is oxidised with 3% 
hydrogen peroxide and cone, hydrochloric acid, 
and the excess of oxidising agent removed by 
successive treatment with potassium iodide 
followed by sodium thiosulphate. The epi- 
hydrinaldehyde formed from any acraldehyde 
present is then detected by the red colour 
obtained by addition of phloroglucinol in ether. 

Determination .—Alfend (J. Assoc. Off. Agric. 
Chem. 1932, 15, 331; Amer. C^em. Amr. 
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1932, 26, 5352) reports collaborative work on 
the determination of glycerin in egg products. 
The method previously found successful for 
meat products was unsatisfactory, especially in 
presence of added sucrose, the latter difficulty 
was not entirely overcome in a considerably 
simplified method based partly on the A.O.A.C. 
method for glycerol in vinegar. At one time 
milk was liable to contain glycerin added as a 
preservative, 2% was sufficient according to 
Wanklyn and Eassie’s patent. 

Boric Acid. —Boracic acid, H 3 BO 3 ; borax, 
Na2B4O7,10H2O {v. Bobon, Vol. II, 47 and 
49; Disinfectants, Vol. IV, 20). Borax, now 
forbidden, was one of the earliest preservatives 
to be studied. J. Pringle, P.R.S. (Phil. Trans. 
1749-50, 46, 625) made comparative experi¬ 
ments on the effect of different salts in retarding 
the putrefaction of small pieces of beef im¬ 
mersed in the solution “ and kept at about the 
degree of human heat.” A 6*2% solution of 
common salt was the standard; borax was 12 
times more efficient, 5 grains of borax having 
the same effect as 60 grains of salt. According 
to Sieber (J. pr. Chem. 1879, [ii], 19, 433), a 
2% solution of boric acid (300 c.c.) retarded the 
putrefaction of 50 g. minced ox pancreas for 
3 days. Miquel’s experiments (Moniteur Sci. 
1872, [iii], 14, 170) with 1 litre quantities of 
neutralised beef broth to which preserv^atives 
were added, showed the following additions in 
grams, to be equivalent: hydrogen peroxide, 
0*60,* salicylic acid, 1-00; benzoic acid, 110; 
boric acid, 7-50; phenol 3, mineral acids 2-3 g. 
Later determinations were more exact, but these 
and similar publications may explain the wide 
use of preservatives from the 1870’8 onwards. 

Boric acid preservative was reported in milk 
and beer by Hirschberg (J.C.S. 1873, 26, 100; 
1876, i, 413). Its use spread to preserving 
cream, meat, sausages, fish, etc., and continued 
to be the subject of numerous papers, analytical 
or pharmacological until the present time; 
although the practice has been illegal in this 
country since 1927-28. The Report of the 
Departmental Committee on the Use of Pre¬ 
servatives and Colouring Matters in Food, 1901, 
Appendix VI, records analyses made by different 
observers. The maximum percentages of boric 
acid determined in different food-stuffs were; 
milk, 0*91; condensed milk, 0*50; cream, 0-80; 
butter, 1*6; margarine 1-0; sausages, 1*14; ham, 
0*66. Of a total of 4,251 samples comprising 
26 classes of foods, examined in the Government 
Laboratory, 1,247 were preserved with boric 
acid (p. xi). Much of the medical evidence 
before the Departmental Committee of 1901 
did not condemn the use of boric acid pre¬ 
servative (Tunnicliffe ei al,, ibid. 264, Appendix 
VI), although other authorities had already 
considered its presence in food to be objec¬ 
tionable (Lancet, 1879, i, 70; 1886, ii, 1142; 
1887, ii, 333, 342, 392). Numerous investi¬ 
gations showed a cumulative effect of .boric 
acid, 50% of a single dose being excreted in 
12 hours but the remainder not entirely in 
18 days (Neumann, Arb. Reichsgesundh.-Amt. 
1903, 19, 89). Other workers (e.g. Rost, ibid. 
19, 1) re|x>rted irritant effects of boric acid on 
the digestive tract, confirmed by Wiley (U.S. 
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Dept. Agric. Bureau of Chemistry, Bull. No. 84, 
Pt. 1. Boric Acid and Borax, 1W4). 

Boric acid detection and estimation has been 
discussed in Vol. II, pp. 52, 53, and some 
further references for boric acid in food-stuffs 
may now be added. A new microchemical 
test is yohimbine borate (Martini, Mikrochem. 
1939, 26, 221). A. S. Dodd (Analyst, 1927, 52, 
463; 1929, 54, 19, 282, 645, 715; 1930, 55, 
23), who has made a critical study of Thomson’s 
titration method, indicates precautions neces¬ 
sary in ashing the sample, removing phosphates 
and in avoiding losses of H3BO3 when boiling to 
remove COg. Further work has been carried 
out by Burns Brown (ibid. 1936, 61, 671) and 
by Alcock (ibid. 1937, 62, 522). The appli¬ 
cation of the method to butter, cider, dried 
fruit, eggs, milk and meat paste is to be found 
in H. E. Cox, “ Chemical Analysis of Foods,” 
2nd ed., Churchill, London, 1938. Experience 
particularly valuable for the legal aspect is 
recorded in J. F. Liverseege’s ” Adulteration 
and Analysis of Foods and Drugs,” Churchill, 
London, 1938, and in the 7th edition (revised 
by H. E. Cox) of A. and M. Wynter Blyths’ 
” Foods,” C. Griffin, London, 1927. For early 
references on the antiseptic properties of boric 
acid and of borax, see Gmelin-Kraut, ‘^Hand- 
buch der anorganischen Chemie,” article Boron. 

Salicylic Acid (?;. Vol. IV, 2Sd) was 
formerly often added as a preservative to beer, 
jam, wine, mincemeat, etc.; its use is forbidden 
in this country since 1927. In a concentration 
of 0*1-0*2% it suppresses yeast fermentation 
(Wehmer, Zentr. Bakt. II, 1902, 9, 189) and pre¬ 
serves meat; mincemeat, however, only for 1 or 
2 days (Kickton, Z. Nahr. Genussm. 1907, 13, 
634). When taken internally it becomes con¬ 
jugated with glycocoll and is excreted as salicy¬ 
luric acid in the urine (Piccard and Beck, Ber. 
1876, 8, 817). It is more irritating than benzoic 
acid in the digestive tract and the majority of 
medical authorities would disqualify salicylic 
acid as a preservative, although Christian (Hyg. 
Rundsch. 1908, 1321) observed no serious effects 
except with large doses (cf. Wiley U.S. Dept. 
Agric., Bureau of Chemistry, Bull. No. 84, Pt. 2, 
1906). 

The large scale manufacture of 83mthetic 
salicylic acid began in 1874; Kolbe soon after 
discovered its antiseptic properties (J.C.S. 1875, 
28, 460). Muter detectea the addition of the 
acid to milk (Lancet, 1877, i, 105). The same 
Journal approved its addition to beer (ibid. 
1886, ii, 1142). Miquel (l.c.) found its antiseptic 
effect slightly greater than that of benzoic acid. 
By 1891 0. Hehner considered that sulphurous 
acid and benzoic acid were replacing salicylic 
acid (Lancet, 1891, i, 96). In Holland its 
addition to food was already forbidden in 1888. 
In 1901, out of a total of 4,261 samples examined 
in the Government Laboratory, 320 were pre¬ 
served with salicylic acid. (Departmental Com¬ 
mittee on Preservatives Report, 1901, xi.) 
The maximum percentage in jam was 0*12 and in 
British wines 0*21 (ibid. Appendix VIII, Table L). 

Detection and Determination. —Qualitative re¬ 
actions are recorded in Vol. II, 6706. Several 
colorimetric methods are based on the reaction 
with ferric chloride. NichoUs (Analyst, 1928, 
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53, 19) gives a modified Jorissen’s reaction— vative action (Planner, Chem. Zentr. 1936, II, 
successive additions of 4-6 drops 10% KNOj, 2276). 

4-6 drops CHj'COOH, 1 drop of 10% CU 8 O 4 , Detection and Estimation, — For a highly sen- 
on boiling, salicylic acid if present, gives a blooa- sitive test, see Vol. II, 674a. Rothenfusser (Z. 
red colour (Klett, Z. anal. Chem. 1903, 42, 468). Nahr. Genussm. 1908, 16, 690) tests for HjO* 
Sherman and Gross (ind. Eng. Chem. 1911, 8, in milk, first preparing a reagent by adding 6% 
492) heat the mixture for f hour on the water lead acetate to fresh milk, filtering and mixing 
bath and claim to detect 1 p.p.m. in 6 c.c. by 9 vol. of filtrate with 1 vol. 30% acetic acid: 
the violet colour due to salicyhc acid. Monier- 10 c.c. of the milk to be tested is mixed with 
Williams’ method can be used to remove salicylic 10 drops of the reagent and with 10-20 drops 
acid (Public Health and Med. Subjects Report of 2% alcoholic benzidine solution. A blue 
No. 39,1927, 47). Jacobs (<]^. 113) describes coloration is seen if HjOj is present, limit 

a general method for separating ether-soluble 0-16 p.p.m. The procedure is a reversal of the 
preservatives from food. T. von Fellenberg test for peroxidases, others of this type are 
(detailed abstract J.C.S. 1910, 98, ii, 906) has described by Leach, “ Food Inspection and 
modified the method of Harry and Mummery Analysis,” 4th ed.. Chapman and Hall, London, 
(Analyst, 1906, 80, 124) for estimating salicylic 1920,169. A quantitative iodometric method is 
acid in jams, etc. The latter method is recom- described by Cox, op, cit. 260. The colorimetric 
mended by H. E, Cox {op. cit. 48). Juriny method of Horst (Chem.-Ztg. 1921, 45, 672) 
(Mikrochem. 1939, 26, 314) can recognise as depends on the reaction between FeS 04 
little as 0-4fig. salicylic acid from the microscopic HjOg in an inert atmosphere and colorimetric 
appearance of the Ag salt, which can be dis- estimation of the Fe 2 (S 04)3 with excess of 
tinguishedfrom Ag benzoate. Several analysts NH 4 CNS. 

have pointed out that maltol found in baked In Isaacs’ colorimetric estimation (J. Amer. 
bread and malt coffee gives a violet colour Chem. Soc. 1922, 44, 1662) the solution of H 2 O 2 
with ferric chloride (Sherman, Analyst, 1910, is pipetted into a 60 c.c. flask already containing 
35, 252; Backe, ibid. 263). Merl and Beitter’s 30 c.c. of water and 10 c.c. 5% citric acid solu- 
(Z. Enters. Lebensm. 1928, 56, 472) discrim- tion, after shaking 1 c.c. 10% ammonium molyb- 
inating test is Mandelin’s reagent—5% am- date is added, the mixture made up to the mark 
monium vanadate in 95% sulphuric acid— and compared with permanent colour standards 
which gives an indigo-blue colour with even prepared from potassium chromate solution. 
0*025 mg. of salicylic acid in the residue of a For a monograph on hydrogen peroxide, see 
steam distillate, basified before evaporation. W. Machu, “ Das Wasserstoffperoxid,” J. 

Hydrogen Peroxide was frequently added Springer, Vienna, 1937. 
to milk as a preservative before 1912 when its Sulphur Dioxide. —^An incident in the 
use in this food was forbidden; in cream (con- Odyssey, xxii, is usually quoted to prove that 
taining 36% or more of milk-fat), however, its the disinfectant action of burning sulphur was 
presence was permissible until the Public Health known in Homer’s time. It has been employed 
(Preservatives, etc., in Food) Regulations of for centuries as a disinfecting and bleaching 
1927 placed it under a general ban for all food- agent. The preservative use of calcium bisul- 
stuffs. There are certain organisms which are phite in breweries is described in J.C.S. 1872, 25, 
highly susceptible to HjOj (Disinfectants, 1130, and in the same year Calvert studied the 
Vol. IV, 19). McLeod and Gordon (Biochem. effect of sulphurous acid on vibrios. A. H. 
J. 1922, 16, 499; J. Path. Bact. 1923, 26, 326, Hassall reported the presence of one per cent. 
332) have shown that these bacteria produce free sulphuric acid (derived from SO 2 fumi- 
no catalase, an enzyme which decomposes HjOj gation) in samples of bleached musty hops 
into HjO and molecular oxygen. Admixture (“Adulterations Detected,” p. 605, Longmans, 
with tissues or with other organisms containing London, 1857). In a later work from the same 
catalase is a protection against the germicidal publisher (“ Food,” 1876, 7) he states that sul- 
effects of H 2 O 2 (v. Catalase). It is remarkable phurous acid and sulphite of soda retarded 
that H 2 O 2 can exist for long periods in milk; decomposition of foods by combining with the 
Hinks (Analyst, 1915, 40, 482) added 0*2% to oxygen of the air. Contact with air or, according 
milk and found one-third of this amount still to Gay-Lussac, with oxygen had been generally 
present after one year-—or possibly an organic held to cause putrefaction. The extensive use 
peroxide giving the same reaction. Hydrogen of sulphurous acid or of sulphites for preserving 
peroxide has been repeatedly stated to be a wine, beer, meat, etc., led to researches on its 
harmless antiseptic, the point has not been alleged injurious physiological action (Wal- 
finally settled, but Chick (1901), Rosam (1902) baum, J.C.S. 1906 90, ii, 667; with Jacobi, 
and Bickel (Berliner Klin. Woch. 1911, 1467) ibid. 466). Wiley (U.S. Dept. Agrio. Bureau 
objected to its use for preserving milk. Ried Chem. Biill. No. 84, Pt. 3, 1907) objected to the 
(Milchw. Forschung, 1931, 11, 690) states that use of sulphite preservatives. However, the fact 
an objectionable taste frequently develops in that when swallowed small amounts of sulphites 
food-stuffs to which H 2 O 2 has b^n added. It arerapidly oxidised to harmless sulphates, was an 
was proved to be present in bottled chocolate argument against his views. Prolonged experi- 
beverages (Connecticut Agric. Experiment Sta- ments in the Reichsgesundheits-Amt. indicated 
tion. Kept. Food Products, 1926) although that in the proportions used as preservatives, 
claimed to be undetectable. Ktihl (Pharm.- sulphurous acid had no harmful physiologioal 
Ztg. 1937, 82, 1214) found H 2 O 2 was more effect. (For literature, see Tillmans, “ Hand- 
effective in acid media. It has b^n used in buch der Lebensmittelohemie,” 1933, 1, 1006.) 
glue as a bleaching agent with some preser- The resistance to sulphurous acid and to sul- 
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phites of certain bacteria, yeasts and moulds 
is as 1:4:5 (Hailer, Arb, K. Gesundheits-Amt. 
1911, 86 , 297; cf. Perry and Beal, Ind. Eng. 
Chem. 1920, 12, 265). It has been alleged 
against the use of sulphurous acid that it im¬ 
proves colour and disguises fermentation or 
putrefaction of stale fruit or meat so that 
deception as to their quality has been practised. 

The quantity of ripe fruit delivered to jam 
factories during the season so greatly exceeds 
the capacity of the plant that fermentation 
must occur unless the fhiit is chilled or dosed 
with a preservative, here preferably sulphurous 
acid or a sulphite. When the fruit is boiled the 
sulphurous acid is oxidised or volatilised, and 
the colour of the fruit, which has been bleached 
by the preservative, is usually restored (Serger 
and Clarck, Chem.-Ztg. 1931, 55, 838). Barker 
and Grove (J. Pomology, 1925, 5, 60) state that 
fresh whole fruit will keep indefinitely in dilute 
sulphurous acid, 0*08-0*1% SOg, and micro¬ 
organisms are still inhibited when the con¬ 
centration sinks to 0*04% by absorption in the 
fruit. Cruess and Fong (Fruit Products J. 1926, 
6 , No. 3, 13) have shown that sulphurous acid 
prevents the browning of apricots, pears, etc., 
due to exposure to air; about 1600 mg. SO 2 
per litre permanently inactivates the peroxidase, 
although the organic peroxide which is respons¬ 
ible for the browning is temporarily inactivated 
by 60 mg. SOj per litre. A content of 3000 mg. 
SO 2 per litre gave good results in several 
months’ storage in sealed containers {ibid. 1927, 
6 , No. 11, 18) an amount not permitted in this 
country except for cherries for convereion into 
jam {v. infra Regulations). Cruess et al, (Hil- 
gardia, 1931, 6 , 295) estimated that in acid 
juices 0 * 1 % SOg will prevent growth, and 0 * 2 % 
will prevent oxidation of the juice in a closed 
container. For sulphurous acid in beer, see 
Brewing, Vol. II, 102 d; in cider, Vol. Ill, 127c. 

Detection. —(Vol. 11, 674c) ,* with iodine 

(Bougalt and Cattelain, Z. anal. Chem. 1933, 91, 
381); with Fast Blue R (Eegriwe, ibid. 1926, 
69, 384); with indigo-carmine (Korenman, 
Mikrochem. 1936, 20, 225). 

Eatimation (Vol. II, 666 d). Monier-Williams 
(Report No. 43, Public Health and Med. Subjects 
H.M. Stationery Office, 1927) in this mono¬ 
graph describes the method which has been 
generally regarded as overcoming the difficulties 
of the estimation. The sample is placed in a 
flask containing dilute hydrochloric acid 20:600 
and attached to a sloping inverted condenser, the 
upper outlet of which is connected to a series 
of three absorption vessels containing hydrogen 
peroxide neutralised to Bromophenol Blue. 
Before the introduction of the sample the dilute 
acid is boiled for a few minutes while a current 
of COg is passed through the apparatus to 
remove air. After cooling and introduction of 
the sample, the liquid is boiled for 1 hour in a 
current of COa. The condenser water is then 
turned off to allow the condenser to become hot. 
The contents of the absorption vessels (1 Erlen- 
meyer flask and 2 Peligot tubes) are titrated 
with 0*1N NaOH to Bromophenol neutrality. 
The sidphate thus obtained may be precipi¬ 
tated in the cold with BaCI^. The method 
combines the advantages of several earlier 
Vol, V.—20 


methods. lodometric titration of the SOj 
which often gave high results has been rejected. 
(The present writer found that rubber stoppers 
would give a small positive blank value to 
0*1 A iodine). Bromine water and iodine are not 
generally used for oxidising the SO*, since these 
reagents oxidise also volatile smphur com¬ 
pounds obtained on distilling onions, mustard, 
horseradish, and even fish (Masters and McCance, 
Biochem. J. 1939, 38, 1304). 

A. C. Chapman (Analyst, 1922, 47, 204) sug¬ 
gested absorption in hydrogen peroxide which as 
Monier-Williams then found does not oxidise 
hydrogen sulphide in the cold. The sulphuric 
acid formed in the distillate is determined with 
standard A /10 alkali, but in many cases is pre¬ 
ferably weighed as barium sulphate (Knapp and 
Phillips, ibid. 1928, 53, 149; Jkrvinen, Z. Nahr. 
Genussm. 1925, 49, 283). Several modifications 
were compared by Nichols and Reed (Ind. Eng. 
Chem. [Anal.] 1932, 4, 79) who recommend 

(а) rapid heating with an electric heater, 

( б ) HCI rather than H 3 PO 4 to liberate SO 2 , 

(c) gravimetric determination preferably in 
Monier-Williams' distillation method. Rapid 
distillation was recommended by a committee 
of chemists whose work is reported in the 
Analyst, 1928, 58, 118, 130, 133, 136,138, 142, 
149, 157. The Committee’s recommendations 
{l.c. 118-129) include a special still-head, 

reducing the time of distillation to 10 minutes 
for gelatin and to 20-30 minutes for hard fruits, 
and observations on titration with A /10 iodine. 
Black and Warren {ibid. 130) give the pre¬ 
cautions necessary when interfering substances 
(nutmeg, mustard, ginger, etc.) are present. 
A convenient method of supplying de-aerated 
water is described by Freeland {ibid. 1930, 55, 
383). A rapid limit test (15-20 minutes) not 
affected by a number of substances which inter¬ 
fere in the original method has been described 
by Herd {ibid. 1930, 55, 35). In a criticism of 
Miller’s method. May {ibid. 1927, 52, 526) 
advises longer boiling to liberate all the SOg 
from dried fruit. Schatzlein (Z. Unters. Lebensm. 
1940, 79, 164) rejects the pumice powder em¬ 
ploy^ by Rothenfusser {ibid. 1929, 58, 98) to 
facilitate distillation, before determining SOj 
as benzidine sulphate in the oxidised distillate. 

! Formic Acid has been used as a cheap sub- 
I stitute for benzoic acid although inferior in 
preservative effect (Neisser and Tillmans, 
Konserven-Ind. 1926, 13, 362). It occurs 

naturally about 2*8 mg. in 100 g. in orange juice 
and in honey, 10 times this amount has been 
added to preserved honey. Formic acid is 
formed in the caramelisation of sugar, as much 
as 1200 p.p.m. has been found, and the im¬ 
portation of the consignment prohibited. 

Detection (Vol. II, 669d).—Formic acid is 
reduced by Mg powder and HCI to formalde¬ 
hyde which is detected with chromotropic acid 
(v. supra, MeOH in EtOH) or with other 
reagents. 

Determination. —Grossfeld and Payfer (Z. 
Unters. Lebensm. 1939,78,1) extract the diluted 
acidified food-stuff with ether in an extractor and 
distil the ether residue with light petroleum. 
H-COOH in the distillate is oxidised with 
HgCis and the Hg 2 Cl 2 weighed {cf. Reid and 
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Weihe, Ind. Eng. Chem. [Anal.], 1938, 10, 271, 
who estimate the CO^ evolved on oxidation 
with Hg{OAc)j. T. von Fellenberg estimates 
H COOH in the ether residue (Mitt. Lebensm. 
Hyg. 1936, 27, 182), Kobzarenko (Amer. Chem. 
Abstr. 1940, 1762) publishes a bromometric 
method. 

Anti-oxidants, e,g, quinol (J.S.C.I. 1928, 47, 
819), have been found to delay the rancidity of 
fats {s,a. Wagner et al. Ind. Eng. Chem. 1931, 
28, 40) and the addition of quinol was successful 
with salted herrings. Preiss (Z. Unters. 
Lebensm. 1934, 67, 144) found that steam dis¬ 
tillation of a sample previously acidified and 
mixed with ferric chloride solution enabled 
quinol to be estimated by iodometric titration 
of the quinone in the distillate. In a review of 
the subject C. H. Lea (D.S.I.R. Food Invest. 
Spec. Rept. No. 46, 1938, 174) discusses 
naturally present anti-oxidants and also hydro- 
quinone and other reagents which are not per¬ 
missible as additions to food-stuffs (see also • 
Monier-Williams, “ Food and the Consumer,” 
op. cit.). 

Diacety) and acetylmethylcarblnol occur 
in butter and their presence partly accounts for 
its flavour. When, however, these substances 
are additions, their estimation is important (v. 
Barnicoat, Analyst, 1935, 60, 653; Schmalfuss 
and Werner, Z. Unters. Lebensm. 1938, 76, 
113; Wilson, J. Assoc. Off. Agric. Chem. 1938, 
21, 427). Hammer found 0 0002-0-0004% of 
diacetyl in high-class butter and about 10 times 
these amounts of the parent substance acetyl- 
methylcarbinol (Winton and Winton, ” Struc¬ 
ture and Composition of Foods,” 1937, III, 
p. 165). At a concentration of 0-1 g. per L. 
diacetyl inhibits the growth of micro-organisms 
(Lemoigne and Monguillon, Ann. Falsif. 1935, 
28, 278). The amount of diacetyl may vary 
from a trace to 0*4 mg. per kilo in butter samples 
from the same source (Amer. Chem. Abstr. 1939, 
2234). 

Natural Occurrence of Preservatives 
IN Large Traces. 

The Ministry of Health (Circular 806 of 
29/6/1927) notified local authorities that traces 
of some of the prohibited preservatives and 
colouring matters are normal constituents in 
traces in some foods, e.g. boric and benzoic acids, 
also copper in peas, such traces are less than the 
quantities for effective preservation or colouring 
(Ministry of Health, Ann. Bept. Chief Med. 
Officer, 1926, p. 200). 

A. C. Chapman (Analyst, 1927, 52, 215) 
obtained substances giving the reactions of 
formaldehyde and of benzoic acid from heated 
sugar. Dni and Clarkes (J. Assoc. Off. Agric. 
Chem. 1926, 9, 117) tests indicated 0*01% 
formaldehyde in some canned Crustacea. Tests 
on salt hng indicated formaldehyde, 480 p.p.m., 
by Schryver’s method although none had been 
added in curing the fish (Beay, Analyst, 1936, 
61, 78). 

Mattiok (Analyst, 1930, 55, 37) examined 
numerous samples of sterilised milk which gave 
positive lests for p-cresol, believed to be due to 
a bacillus. Hansma and Kniphorst (Chem. 


Weekblad, 1932, 29, 140, 206) tested extracts 
of rye bread which gave a positive reaction for 
salicylic acid. The coloration is attributed to 
3-hydroxy-y-pyTone derivatives, formed during 
baking. 

Foreign Substances in Foods are discussed by 
Hughes (Chem. and Ind. 1936, 54, 746); those 
which have been detected at different times 
include benzoyl peroxide (v. Vol. II, 81c), 
persulphates, iodates, bromates and sodium 
phosphate; the first four substances are not 
among the permitted preservatives. For their 
bleaching action and for the motive for adding 
sodium phosphate the original paper should be 
consulted. Drummond (Chem. and Ind. 1935, 
54, 744) discriminates permissible from un¬ 
justifiable additions to food. 

For a long period chemical preservatives were 
added to food-stuffs with little risk of detection 
or prosecution. With his daily meals an Eng¬ 
lishman frequently swallowed more than one 
preservative. The commonest were boric acid 
and borax in milk, sausages and meat; salicylic 
acid or sulphites in beer, meat and jam; form¬ 
aldehyde in milk and cream; l^nzoic and 
salicylic acids in sauces and beverages. Dis¬ 
regarding the traditional salt, sugar, etc., the 
general use of chemical preservatives which 
began about 1875 followed closely the first large 
scale manufacture of formaldehyde, benzoic and 
I salicylic acids. Boric acid was available from 
Tuscany since 1807, and its preservative effects 
were known even earlier (p. 303gf). 

Popular imagination had been impressed by 
Pasteur’s discovery (1863) that bacteria were 
the cause of putrefaction and by Lister’s success¬ 
ful use of antiseptics in surgery (1867). In 
addition to a general if imperfect knowledge of 
” germs ” there was a widespread belief that 
food which had an unpleasant smell could 
originate an epidemic. At the same time cheap 
chemicals were available which, in small 
amounts, could be mixed with food without the 
knowledge of the consumer, with the result 
that signs of decomposition of the food were 
not apparent for several days. These were the 
reasons that convinced the manufacturers or 
distributors of foods that the addition of pre¬ 
servatives was in the public interest as it cer¬ 
tainly was to their own profit {cf. Drummond and 
Wilbraham, “ The Englishman’s Food,” London, 
1939, p. 386; Savage, “ Food and the Public 
Health,” London, 1919, p. 122). The gross care¬ 
lessness in the collection, preparation, transport, 
distribution and handling of food-stuffs under 
dirty conditions which persisted up to quite 
recent times (Local Government Board Report 
of Inspectors of Foods, 1918-19, pp. 8, 9, “ very 
large number of smaller factories . . . con¬ 
ditions unsatisfactory in the extreme ”) was the 
cause of heavy bacterial infection of the food. 
The use of preservatives postponed investigation 
of the antecedent conditions and probably saved 
quantities of food from being thrown away. The 
effect of preservatives on bodily health was 
studied later. In the ’60s of the past century, 
sulphurous acid or a sulphite was the chief 
chemical preservatives as shown by the work 
of the Food Committee of the Society of Arts, 
e.g, in Dewar’s process (J. Soc. Arts, 1867-68, 
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16,489), meat after immersipn in B.P. sulphurous 
acid for 6 hours was dried below 140°F. Med- 
lock {ibid, p. 52) injected carcases with calcium 
bisulphite. Reference works such as Watts, 
“ Dictionary of Chemistry,” London, 1863, 1 
and II, 1864, and A. H. Hassall, “ Adulterations 
Detected,” Longmans, London, 1857, contain 
little or no information concerning the chemical 
preservatives generally used in the following 
decades. The great work of A. H. Hassall and 
“ The Lancet ” in combating adulteration of 
food prepared the way for the attack on pre¬ 
servatives. Credit for the opposition to pre¬ 
servatives must be given to later analysts. Muter, 
Hehner, Cribb, Liverseege and others. The rate 
of progress while knowledge of preservatives was 
slowly increasing is shown by the following 
summary of the action taken by various autho¬ 
rities and by the Government: Analytical 
Sanitary Commission of The Lancet, 1851-^4, 
A. H. Hassall, ” Food and its Adulteration,” 
Reports of the Commission, 1855; Parlia¬ 
mentary Committee on Adulteration of Food, 
1855. Sale of Food and Drugs Act, 1875. 
Section 3 of this Act provides that ‘‘ no person 
shall mix . . . any article of food with any 
ingredient ... so as to render the article in¬ 
jurious to health, with intent that the same 
may be sold in that state.” Section 6 states 
” that no person shall sell to the prejudice of 
the purchaser any article of food or any drug 
which is not of the nature, substance and 
quality of the article demanded.” There is 
no mention of preservatives in the Act and in 
the following Amending Acts ; the public health 
is protected by penalising adulteration, but un¬ 
less food mixed with preservatives can be 
proved to contravene Sections 3 or 6 the sale of 
such food is not forbidden. Public analysts 
appointed under the Acts of 1860 and 1869 con¬ 
tinued the thankless task of detecting and 
estimating preservatives (in connection with 
their work in suppressing adulteration) with very 
inadequate support from the magistrates ad¬ 
ministering the Act until limited progress was 
shown by the Milk and Cream Regulation 1912 
which prohibited the addition of any preser¬ 
vative to milk. Meanwhile two committees had 
undertaken protracted inquiries, a conference 
had been held and the Local Government Board 
published reports by its own officials on pre¬ 
servatives. The Reports of the Select Com¬ 
mittee on Food Products Adulteration, 1894, 
1896 and 1896, indicate the difficulty of Govern¬ 
ment action, owing to the diversity of opinion 
among medical men as to the effect of preser¬ 
vatives on the public health (1896, Lloyd, 
Q.279) Hehner said preservatives were un¬ 
necessary (ibid, Q.881). In the opinion of the 
Committee (ibid, vi) the evidence showed that 
antiseptics are added to almost all perishable 
food-stuffs and it would be difficult to prove that 
preservatives were injurious to health. The 
unequal incidence of the law was the subject of 
complaint at the Institute of Chemistry Con¬ 
ference on Adulteration (Intern. Health Exhib. 
1884). Odling stated that although beer con¬ 
tained calcium bisulphite and no action was 
taken, dealers were prosecuted for selling rnilk 
containing boraoic acid. Dupr6 said the souring 


of milk was a warning that the dairy was not 
clean and addition of preservative removed a 
safeguard. 

A growing body of opinion that the food laws 
or their administration was gravely lacking as 
regards preservatives led in 1899 to the appoint¬ 
ment of the first committee to hear evidence on 
preservatives as distinct from adulterants. The 
Report of the Departmental Committee (1901) 
appointed to inquire into the use of preser¬ 
vatives and colouring matters in food shows that 
the preservatives in general use were sulphites, 
boric acid, formalin and salicylic acid. There 
was much contradictory medical evidence as to 
the harmful effects of the three last mentioned 
(pp. xxiiii, xxiv). Witnesses testified to the value 
of chemical preservatives in protecting con¬ 
sumers from the evils of tainted or decomposing 
food, but the weight of scientific evidence was 
against the additions of chemicals to foods. 
The Committee held, however (p. xx), that some 
preserving means, not necessarily chemical, 
appears to be needed for a considerable portion 
of the perishable food supply, esjxecially of the 
poorer classes. The issue, however, of refrigera¬ 
tion verms preservatives is not raised in this 
Report. It appeared that, although soipo public 
authorities prosecuted vendors of milk con¬ 
taining boric preservative, the policy of the 
authorities and the proportions of preservative 
considered permissible varied from place to place 
(p. xvi). The medical evidence on the effect of 
preservatives on health was contradictory, some 
witnesses could observe no disturbance of func¬ 
tions after protracted tests of formaldehyde 
(Q.3229, 3295), boric acid (p. xxiii) and salicylic 
acid (p. xxiv). Nevertheless the Committee 'put 
forward the following recommendations (p. xxx) 
—formaldehyde should be absolutely prohibited ; 
salicylic acid permitted, provided the amount 
does not exceed 1 grain per lb. of food (per pint 
in a liquid); in cream, butter and margarine 
only boric acid and borax preservatives to be 
allowed, and in cream not exceeding 0*26% as 
H 3 BO,, in butter and margarine not more than 
0*5%; the use of copper salts in ” greening ” 
of vegetables to be prohibited (one dissentient); 
the presence of preservatives to be declared on 
the label. 

In the following decade 1901-11, these recom¬ 
mendations remained without legal force in 
Great Britain. Considerable research work, 
however, was carried out in the United States 
and in Germany. H. W. Wiley in the course of 
a long struggle against the use of preserva¬ 
tives publish^ Bulletin 84 of the Bureau of 
Chemistry, U.S. Department of Agriculture, 
Parts 1-6, 1904-08, in which he attacked the 
common preservatives (v. Bibliography and in¬ 
dividual preservatives). A bitter controversy 
followed in which Wiley’s experiments were 
attacked by, among others, Liebrich (*‘ Third 
Treatise on the Effects of Borax,” Churchill, 
London, 1906). Doubt was cast on the findings 
of the 1901 Committee by the subsequent proof 
that the proportion of salicylic acid recom¬ 
mended was inadequate to prevent fermentation, 
while the maximum amount of boric acid per¬ 
mitted was twice the quantity usually found 
in food. 
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The Government action against preservatives 
recommenced in 1912 with Public Health (Milk 
and Cream) Regulations which prohibits the 
addition of any preservative substance to milk 
but permits only boric acid and hydrogen 
peroxide in cream containing more than 36% 
milk fat. An Amendment Order in 1917 limit^ 
H 3 BO 3 to not more than 0-4%, no numerical 
limit is given for HjO* but only traces were 
expected to remain in the cream. Apart from 
legislation, the officials of the Foods Section in 
the Medical Department of the Local Govern¬ 
ment Board (afterwards the Ministry of Health) 
issued a series of valuable reports which had an 
effect in checking the use of preservatives. 

For many years public analysts {v. Biblio¬ 
graphy) continued to protest against the 
additions of chemicals to food and the un¬ 
certainty of the legal position. W. G. Savage. 
(“ Food and the Public Health,” Cassell & Co., 
London, 1919, p, 38) said it was quite useless to 
prohibit certain specified preservatives as fresh 
ones would be supplied. The analyst must 
decide whether the presence of the preservative 
amounts to adulteration (‘‘ The Times ” Food 
Number, 8 June, 1914). The appointment of 
the Departmental Committee on the Use of 
Preservatives and Colouring Matters in Food was 
a belated acknowledgment of public opinion. 
Their final Report, 1924, reviews the law of 
adulteration and remarks that ” the proof that 
a preservative or colouring matter mixed with an 
article renders it injurious to health is not an 
easy, inexpensive or expeditious matter, and 
when established in one instance or in one court 
is not necessarily effective in other instances 
or in other courts . . . neither traders nor 
local authorities nor the public can definitely 
know what is permissible and what is not.” 

The Committee heard medical evidence on 
the effect of preservatives on health which, 
although unpublished, appears to have been 
contradictory in some respects. However, the 
wide range of biochemical knowledge available 
enabled the Report of 1924 to suggest regulations 
which have been, for the most part, adopted. 
The Public Health (Preservatives, etc., in Food) 
Regulations 1927 to 1939 relate to limited addi¬ 
tions and only to certain foods of benzoic acid, 
sulphurous acid and nitrites {see below). Part II 
prohibits certain dyestuffs. The Regulations 
should be consulted for directions as to declara-. 
tion of preservatives. The Committee’s pro¬ 
posal did not receive legal sanction without 
opposition. It was said that, in the absence 
of preservatives, there would be great waste of 
food for which cold storage was not available. 
On the other side it was urged that dirty 
methods of collecting and preparing food were 
concealed by the use of preservatives. 

THE FIRST SCHEDULE 

Part I.— Articles of Food which may con¬ 
tain Preservative and Nature and Pro¬ 
portion OP Prkservattvb in bach case. 

The articles of food specified in the first column 
of the following table may contain the preser¬ 
vative specified in the second column in pro¬ 


portions not exceeding the number of parts 
(estimated by weight) per million specified in 
the third column :— 


Parts 

Food. Preservative, per 

Million. 

1. Sausages and sausage meat Sulphur di- 450 
containing raw meat, oxide, 
cereals and condiments. 

•2. Fruit and fniit pulp (not 
dried) for conversion 
Into jam or crystallised 
glac6 or cured fruit as 
defined in items 6 and 7 : 

(a) Cherries .... Do. 3,000 

(5) Strawberries and Do. 2,000 

raspberries. 

(c) Other fruit . . . Do. 1,500 

3. Dried fruit: 

(a) Apricots, peaches, Do. 2,000 

nectarines, apples and 
pears. 

(ft) Raisins and sultanas Do. 750 

4. Unfermented grape juice Benzoic acid 2,000 

and non-alcoholic wine 
made from such grape 
juice if labelled in ac¬ 
cordance with the rules 
contained In the Second 
Schedule to these Regu¬ 
lations. 

5. Other non-alcoholic wines, Either Sul- 350 

cordials and fruit juices, phur dioxide 
sweetened or un- or Benzoic 600 

sweetened. acid. 

*6. Jam (including marmalade Sulphur di- 40 
and fruit jelly prepared oxide, 
in the way in which jam 
is prepared). 

7. Crystallised glac4 or cured Do. 100 

fruit (including candied 
peel). 

♦7a. Fruit and fruit pulp not Do. 350 

otherwise specified in 
this Schedule. 

tS. Sugar (including solid Do. 70 

glucose) and cane syrups. 

tSa. Cornfiour (maize starch) and Do. 100 

other prepared starches. 

9. Com syrup (liquid glucose) Do. 450 

10. Gelatine. Do. 1,000 

11. Beer. Do. 70 

12. Cider. Do. 200 

13. Alcoholic wines. . . . Do. 450 

14. Sweetened mineral waters. Either Sul¬ 

phur dl- 70 

oxide or 
Benzoic 120 

acid. 

15. Brewed ginger beer . . Benzoic acid 120 

16. Coffee extract .... Do. 450 

17. Pickles and sauces made Do. 250 

from fruit or vegetables. 


♦ Amended forms of items 2, 6 and 7 substituted, 
and new item 7a added, by Regulations of 1926. 

t Amended form of Item 8 substituted, and new 
item 8a added, by Regulations of 1927. 


Part II.— Colouring Matters which may 
NOT BE ADDED TO ARTICLES OP FoOD. 

1. Metallic Colouring Matters. 
Compounds of any of the following metals: 
Antimony, Chopper, 

Arsenic, Mercury, 

Cadmium, Lead, 

Chromium, Zinc. 


2. VegetMe Colouring Matt^^ 
Gamboge, 
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3. Coal Tar Colours, 


Number in 
Colour Index 
of Society of 
Dyera and 
Colourists, 1924, 

Name. 

Synonyms. 

7 

Picric Acid. 

Carbazotic Acid. 

8 

Victoria Yellow. 

Saffron Substi¬ 
tute ; Dinitro- 
cresol. 

9 

Manchester 

YeUow. 

Naphthol Yel¬ 
low ; Martius 
Yellow. 

12 

Aurantia. 

Imperial Yellow. 

724 

Aurine. 

Kosolic Acid; 

Yellow Coral¬ 
line. 


Provisional Regulations dated October 20, 
1939, 

Nitrites, 

2. The Public Health (Preservatives, etc., in 
Food) Regulations, 1925, as amended shall be 
further amended as follows : 

(1) The following additional proviso shall be 

inserted at the end of Article 4 (1) and 
at the end of Article 11 ( 1 ): 

“ (iv) The provisions of this Article 
shall not apply so as to prohibit the 
presence of added sodium or potas¬ 
sium nitrite in bacon, ham and cooked 
pickled meat.” 

(2) The following paragraph shall be inserted 

after Article 4 (3): 

“ (4) No person shall manufacture 
for sale or sell any cooked pickled 
meat, other than bacon and ham, 
which contains sodium or potassium 
nitrite in proportions exceeding two 
hundred parts per million calculated 
as sodium nitrite.” 

In prolonged correspondence in “The Times 
in 1926, Sir William Pope led the opposition 
(22 January, 1926), he and F. W. TunniclifFe 
{ibid. 23 January, 1925) and others considered 
boric acid a valuable and relatively harmless 
preservative. F. Gowland Hopkins, on the 
contrary, regarded boric acid as a cumulative 
poison. Paternd (Union intern. Chimie pure et 
appl., 4th Congress, Cambridge, 1923, p. 164) 
reported on the good health enjoyed by the 
workers in Ladarello where the air contained 
8 mg. H 3 BO 3 /CU. metre outside the factory, 
the water supply 10 mg./l., potatoes 700 and 
bread 20 mg./kilo. However, the Committee 
accepted the experiments of Forster, Rubner 
and Rost as proving the harmful eflfocts of boric 
acid. 

Dbtbotiok of Coloubino Matters. —^Nicholls 
(Analyst, 1927, 52, 686 ) describes methods for 
detecting the colouring matters prohibited by 
the Reg^ations, 1925 to 1927, Part II. For all 
classes of dyestuffs, see Dyeing (Vol. IV, 147) 
and following tables which apply after extrac¬ 
tion of the dye from the food and transference 
to an appropriate ffbre. Mathewson, “ Separa¬ 
tion and Identification of Food Colouring Sub¬ 
stances,*’ U. 8 . Dept. Agric. Bull No. 448, 1917, 
may also be cons^ted. The strongly antiseptic 


action, even in low concentrations, of some 
dyestuffs is described in Medical Research 
Council, “ System of Bacteriology,” I, 203 
(1929). 

Foreign Regulation of Preservatives.— 
In the United States, sodium benzoate or sul¬ 
phurous acid are permitted in limited amounts 
(c/. the Federal Food Drug and Cosmetic 
Act which became effective in June, 1939); all 
imported foods as well as interstate commerce 
in foods are governed by this Act. Individual 
State laws, of which there are several, control 
only the production and sale of foods within the 
particular State (Fiene and Blumenthal, “ Food 
Manufacture,” Chemical Publishing Co., New 
York, 1938; for preservatives permitted in 
Germany, see Will, Deut. Apoth.-Ztg. 1939, 64, 
645; Gangl and Lorenz, Oesterr. Chem.-Ztg. 
1934,37,91). Hilton {v. Bibliography) published 
in 1934 a summary of the regulations of all the 
more important countries. The Report of the 
Departmental Committee, 1924, reviews the 
foreign regulations in force at that date. 
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FOOL'S PARSLEY (v. Vol. I, 160d). 

“ FORCENIN/* A name applied to tetra- 
methyl-ammonium formate. 

FORMALDEHYDE, CHjO. This sub¬ 
stance, the simplest and least characteristio of 
the aliphatic aldehydes, is of the greatest 
technical importance in modem chemical in¬ 
dustry. Although discovered in 1867 by Hof¬ 
mann, it was not until 1892 that Kekul^ isolated 
the monomer in a state of comparative purity. 

Manufactueb from Methanol. 

Practically all the formaldehyde produced 
to-day is obtained by the catalytic vapour-phase 
oxidation by air of methanol, either synthetic or 
the wood distillation product. The equation : 

CH,0H+i02-CH,0+ H,0 

only expresses very approximately the overall 
effect talking place during the oxidation process. 
In actual practice, the reaction is complex and, 
in addition to oxidation, some formaldehyde is 
undoubtedly formed by dehydrogenation, while 
a portion is lost bv decomposition into hydrogen 
and oxides of carbon. 

The endothermic dehydrogenation of methanol 
is known to take place in the vapour phase at 
temperatures of 200^0. and above, under the 
influence of certain catalysts in accordance with 
the reversible equation: 

CH^ OH ^ CHg04-H,~24*7 kg. cal., 

the equilibrium constants of which have been 


determined by Ghosh and Ohakravarty (J. 
Indian Chem. Soc. 1925, 2. 142). Dehydro- 
genation can be effected with high efficiencies 
and high conversions per pass at temperatures 
of about 200°C. in the presence of freshly reduced 
copper (Sabatier and Mailhe, Ann. chim. phys. 
1910, [viii], 20, 344) or of a catalyst prepared 
from copper acetate and 1% of cerous nitrate 
(Ghosh and Baksi, J. Indian Chem. Soc. 1926, 
3, 416), but the life of the catalyst is usually 
short. Methyl formate is often an important 
product of the dehydrogenation of methanol 
over mixed copper catalysts (Frolich, J.S.C.I. 
1928, 47, 173T; Ivannikov and Sherko, J. Appl. 
Chem. Russia, 1933, 6, 1148). In actual 
practice, the dehydrogenation process has not 
proved possible on a technical scale, largely 
because of rapid inactivation of the catalysts 
employed and also because of the simultaneous 
production of much by-product. However, 
processes involving dehydrogenation in the 
presence of metallic catalysts on porous supports 
(Backhaus, U.S.P. 1437483, 1922) and also in 
the presence of reduced metallic catalysts with 
steam as diluent (Carbide and Carbon Chemicals 
Corp., Canadian P. 363490, 1937) have been 
proposed. According to Natta and Strada 
(Giorn. Chem. Ind. Appl. 1932, 14, 545, 651) 
formaldehyde may be produced with efficiencies 
of 80-90% by dehydrogenation of methanol in 
the presence of a large excess of carbon dioxide 
or carbon monoxide. These high efficiencies 
may be due, at least in part, to the reduction 
of partial pressure of the formaldehyde by the 
excess diluent with resulting diminished tendency 
to undergo further decomposition. 

The mechanism of the controlled oxidation of 
methanol to formaldehyde was first sys¬ 
tematically investigated by Orloff (J. Russ. 
Phys. Chem. Soc. 1907, 89, 855, 1024; 1908, 40, 
796, 1690; Ber. 1909, 42, 895) who concluded 
that the main reaction, 

CH, OH+iOj-CHjO+ HjO, 
was followed by the secondary reactions, 
CHjO=CO+H8, 
CO+iO,=CO, 
and H,-|- 10 j=H 20 . 

However, Le Blanc and Plaschke (Z. Elektro- 
chem. 1911, 17, 45) noted (i) that the hydrogen 
produced always far exceeded in volume the 
sum of the oxides of carbon, (ii) that oonsider- 
aMy less oxygen than is requir^ by the theo¬ 
retical equation may be us^ without serious 
diminution in the yield of formaldehyde, and 
(iii) that in the absence of added air, or oxygen, 
the activity of the catalyst diminished rapidly 
but could again be renewed by passage of air. 
For these, and other reasons, Le Blanc and 
Plaschke believed that the fundamental re¬ 
action is one of dehydrogenation, the hydre^en 
liberated being largely burnt to water. The 
addition of oxygen to the reaction mixture was 
thus regarded as necessaiy to supply heat and 
to maintain the catalyst in an active condition 
by a process of alternate oxidation and reduc¬ 
tion. Similar conclusions were reached by 
Thomas (J. Amer. Chem. Soc. 19^, 43, 867) 
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who formulated the following individual re¬ 
actions : 

(1) CH 30 H = CH 20 +H 2 (dehydrogenation). 

(2) CH 20 =*C 0 -f-Hj (decomposition of 
formaldehyde). 

{ (oxidation of hydrogen 
and carbon monoxide, 
occurring only par¬ 
tially). 

In addition to its effect in transforming an 
endothermic dehydrogenation into an exothermic 
reaction and in maintaining the activity of the 
catalyst, the air used may exert other influences 
favouring high yields of formaldehyde. By 
rapidly removing hydrogen from the sphere of 
reaction, the dehydrogenation process is allowed 
to proceed virtually to completion. In addition, 
the dilution of the reacting gases with large 
amounts of inert gas, namely nitrogen, reduces 
the partial pressure of the formaldehyde and 
thus probably minimises its tendency to undergo 
decomposition. 

Formaldehyde was first produced by Hofmann 
(Annalen, 1868, 145, 357; Ber. 1869, 2, 152) 
by the incomplete combustion of methanol over 
a red-hot spiral of platinum wire. Subse¬ 
quently, Volhard (Annalen, 1875, 176, 128) and 
ToUens (Ber. 1882, 15, 1629; 1883, 16, 917) 
improved this method and endeavoured to con¬ 
trol the temperature of the catalyst by regulating 
the flow of the mixture of air and methanol 
vapour. Platinised asbestos was found equally 
effective by Kablukoff (J. Russ. Phys. Chem. 
Soc. 1882, 14, 194) while, later, platinum and 
palladium blacks were used by Orloff. Almost 
simultaneously, Locw(J. pr. Chem. 1886, [ii],8S, 
323) and ToUens (Ber. 1886, 19, 2135; Annalen, 
1888, 243, 335) discovered the catalytic activity 
of copper in the form of wire gauze. In a typical 
experiment, air was bubbled through methanol 
maintained at 40-60°C. and the resulting mixture 
was passed over a spool of copper wire gauze, 
6 cm. long, and heated to a moderate tempera¬ 
ture, the products being coUected in receivers 
maintained at 100°C. and about 0°C. respectively. 

The first patented method of oxidising 
methanol catalyticaUy to formaldehyde is that 
of TriUat (F.P. 199919, 1889; G.P. 55176, 
1889) who proposed the use of such catalysts as 
platinised asb^tos, copper oxide, retort carbon, 
porcelain, etc. On the other hand, the first 
industrial production of formaldehyde is said to 
have been established near Hanover in 1889 by 
the firm of Mercklin and Losekann, employing a 
process in which the catalyst was copper wire. 
About the same time Klar and Schulze (G.P. 
106496, 1898; F.P. 288967, 1899) recognised 
the importance of controlling the ratio of air to 
methanol in the reacting gases and proposed to 
carburet air with methanol in a countercurrent 
scrubbi^ tower maintained at 40-60*C. By 
regulating the flow of alcohol and air to the 
scrubber, the ratio of reactants could be varied 
at wiU and, in order to moderate the reaction, 
it was proposed to dilute the ingoing air with 
nitrogen delved from the waste gases. The dis¬ 
closures of Klar and Schulze relate only to the 
preparation of the reaction mixture and do not 
refer to any definite type of contact materials* 


The formaldehyde industry underwent a rapid 
development in the decade 1898 to 1908, during 
which time the most varied types of catalyst 
were employed, although copper wire gauze 
was probably the most popular. Morel (J. 
Pharm. Chem. 1906, 21, 177) described the 
catalyst chamber used in a French factory in 
1906, which consisted of a metal cylinder fitted 
with numerous copper tubes containing copper 
contacts. A plant designed by Orloff (J. Russ. 
Phys. Chem. Soc. 1908, 40, 796) and capable of 
oxidising 17-5 kg. per hour of methanol consisted 
of a tubular vessel set at an angle of about 10° 
and containing 169 copper tubes of 19 mm. 
internal diameter, 2 mm. thickness and 800 mm. 
length arranged in two concentric circles between 
two end plates. Glass tubes, 16 mm. internal 
diameter, 1-25 mm. thick and 120 mm. long, 
placed in the copper tubes carried the copper 
contacts which consisted of copper gauze spools 
about 120 mm. long. Orloff perfected an in¬ 
genious device, still employed to some extent, 
for initiating the reaction without external 
application of heat. This was effected by placing 
at the inlet end of the catalyst chamber “ igni¬ 
tion pills ” prepared by soaking pieces of pumice 
in a solution of platinum and palladium.chlorides 
and calcining the product. This catalyst, by 
virtue of its activity at low temperatures, was 
able to initiate the oxidation and thus to raise 
the main copper catalyst to the reaction-tempera¬ 
ture. 

A great advance was made in 1908 when Blank 
(G.P. 228697, 1908) found that silver was 
superior to other contacts and gave yields 10- 
16% greater than those attained with the usual 
copper catalysts. Since that time a large 
number of modifications of silver and numerous 
other catalysts have been described {vide infra) 
but silver gauze is still used almost exclusively 
in large-scale practice. 

The following is a summary of scientific and 
technical literature with special reference to 
modem industrial practice. 

(1) Purity of Raw Materials. 

The purity of the air used in the oxidation 
process is of the utmost importance since 
catalyst poisoning is very liable to occur. The 
air should bo free from dust particles, sulphur 
dioxide, hydrochloric acid, hydrogen sulphide 
and sulphuric acid. Klar (Chem.-Ztg. 1935, 69, 
741) has recorded an instance of catalyst poison¬ 
ing in a plant located on the coast for which salt 
in the air was responsible. Silver catalysts in 
mesh form are said to be more resistant to 
poisoning than supported silver catalysts. 
According to Siegl {ibid. 1927, 51, 782) copper 
catalysts tend to become inactivated by the 
presence in air of halogen compounds, par¬ 
ticularly organic chlorine compounds, even if 
present in such small amounts as to evade detec¬ 
tion by the usual analytical methods. Air purifi - 
cation is best effected by passage through active 
charcoal or by scrubbing with water or methanol 
in the presence of alkalis or alkali carbonates. 

The methanol used in the process must be free 
from all volatile organic, or inorganic, sidphur, 
halogen and cyanogen compounds, while the 
presence of iron carbonyl in synthetic methanol 
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18 particularly objectionable. This last im¬ 
purity may be removed by passage of the 
methanol vapour with air over active charcoal or 
silica gel contacts (B.A.S.F., G.P. 420442, 1924; 
B.P. 247050, 1925). Zinc compounds, derived 
from containers or vaporisers, may also accu¬ 
mulate in the contact zone and lead to serious 
deterioration of the catalyst. Although the 
presence of appreciable amounts of acetone and 
especially of higher-boiling ketones and oiganic 
by-products, is regarded as deleterious, Bobrov 
(J. Russ. Phys. Chem. Soc. 1918, 60, 130) found 
that the presence of up to 4% of acetone did not 
affect the operation of a copper gauze catalyst. 


According to Orloff, however, the methanol used 
should not contain more than 2% of acetone or 
2% of water, but Thomas (J. Amer. Chem. Soc. 
1920, 42, 867) observed that the presence in the 
methanol of 1*7% of acetone and 10% of water 
had no influence on silver catalysts. Although 
it is probable that the presence of substantia] 
amounts of water vapour in the reacting gases 
will tend to reduce the cjitalyst temperature 
and thus slow up the reaction. Hirchberg (B.P. 
199759 and 199760, 1922) claims better control 
of the catalysis in the presence of copper by the 
introduction of steam in amounts of f to ^ by 


I weight of the methanol used. Where highly con- 
! centrated formaldehyde solutions are desired, 
practically anhydrous methanol may be em¬ 
ployed as raw material (I.G. Farbenind. A.G., 
B.P. 267768, 1926). 

(2) Proportione of PecuUanU, 

The optimum proportion of air to methanol 
in the reacting gases varies somewhat with the 
catalysts but is generally rather less than that 
required by the equation 

CHgOH+iOj^CHaO+HgO. 

At oxygen concentrations below the optimum, 
efficiencies of formaldehyde pro¬ 
duction are high, but conversions 
per passage are low, while at 
concentrations of oxygen in excess 
of the optimum, conversions fall 
again while the efSciency of form¬ 
aldehyde formation also declines 
on account of increasing pro¬ 
duction of oxides of carbon. The 
general effect of varying oxygen 
concentration on the yields (i.c. 
conversions per pass) and effi¬ 
ciencies in the presence of copper, 
silver and gold-plated copper 
catalysts is shown by the experi¬ 
mental data of Thomas as illus¬ 
trated in Fig. 1 (from Marek and 
Hahn, “ The Catalytic Oxidation 
of Organic Compounds on the 
Vapour Phase,’* 1932, Chemical 
Catalog Co. Inc., N.Y.). From 
these results it appears that an 
oxygen concentration equivalent 
to 0-46-0-5 g. per g. of methanol 
is suitable with a silver catalyst. 
Using gauzes of copper and silver, 
80-90 mm. in length, Le Blanc 
and Plaschke found optimum 
oxygen proportions of 0*39 g. and 
0*46 g. respectively per 1 g. of 
methanol. On the other hand, 
Gurewitsch and Tschirwinskaja 
(J. Gen. Chem. Russ. 1935, 12, 
57) found that, in the presence of 
copper gauze as catalyst, the best 
proportion of oxygen was only 
50-54% of that required by the 
above equation, while Natta and 
Strada (Giom. Chem. Ind. Appl. 
1932, 14, 645, 551) suggest ad^g 
only sufficient oxygen to supply 
the requisite heat and maintain 
the reaction without external 
supply or abstraction of heat. The actual air to 
methiiiiol proportions used industrially probably 
vary but, in general, methanol is always in 
excess. Accor<fing to Klar, excess of methanol 
is used to dissipate heat so that a typical crude 
condensate from the oxidation process may con¬ 
tain 30-36% formaldehyde, 20-24% water and 
40-60% unchanged methanol. Satisfactory 
operation is said by Siegl to produce an exit gas 
(after condensation and washing) containing, 
in addition to hydrogen, 3-5-4% of carbon 
dioxide, very little carbon monoxide and no 
methanol. 



Fio. I.—Oxidation of Methanol to Formaldehyde 
BY Air. 

Curves 1, 2 and 3 refer to experiments with copper, silver and 
gold-plated catalysts respectively. 
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(3) CatalysU. 

The earlier workers employed catalysts of 
platinum and palladium, either alone or on 
carriers such as asbestos. Ruthenium has been 
suggested as a catalyst (Badische Anilin- u. 
Soda-Fabrik, G.P. 276618, 1913). Subsequent 
work has shown, however, that the platinum 
metals tend to promote further decomposition 
of the formaldehyde and are thus inferior to 
silver and copper. Best results were obtained 
by Orlofif with a catalyst of reduced copper on 
asbestos, impregnated with lower oxides of 
vanadium. Although Le Blanc and Plaschke 
found that the catalytic efiFect of silver was not 
appreciably better than that of copper, the 
superiority of silver, first claimed by Blank 
(G.P. 228697, 1908) has been confirmed by 
Fokin (J. Rusa. Phys. Chem. Soc, 1913, 46, 
268) and especially by Thomas (Z.c.). Later 
Kadowaki and Yamada (Rept. Osaka Imp. 
Univ. Res. I^b. Japan, 1931,11, No. 19) found 
that the catalytic activity of silver is sfightly 
increased by the addition of vanadium or 
selenium and somewhat depressed by iron, 
cobalt, chromium, copper, zinc or aluminium. 
With cylindrical rolls of silver wire, 15 mm. in 
diameter and 2-6 cm. in length, formaldehyde 
yields of about 79% were obtained with an 
oxygen to methanol ratio corresponding to 0*38 
to 0*48 g. per g, of methanol. 

Copper catalysts, both in the form of gauze 
(Barbet, B.P. 206158, 1922; U.S.P, 1661063, 
1928; Banned, G.P, Appl. E. 22963, 1918) and 
also on porous carriers (Enderli, G.P. 318402, 
1917; SneUing, U.S.P. 1122811, 1914) have been 
proposed. Copper vanadate precipitated on 
carborundum or other carbide of the metals of 
Group IV is claimed by the Sclden Co. (U.S.P. 
1930716, 1932) while Clancy (B.P. 163046, 1920, 
Assr. to Nitrogen Corp.) disclosed the use of an 
active catalyst prepared by ignition of copper 
cyanide. 

Silver catalysts of the most varied types have 
been described and the following may be 
mentioned. Silver precipitated on asbestos 
(Blank, l.c.); finely-divided silver (Bouhard, 
F.P. 412501, 1910; Kusnezow, U.S.P. 1067665, 

1913) ; metal couples in mechanical combina¬ 
tion, Lc. imaUoyed, such €is silver plus 0*01% 
of platinum in a copper tube (von Hochstetter 
and Holzverkohlungs-lnd. A.-G., G.P. 402849, 

1914) ; silver vanadate precipitated on diato- 
maceous earth (Selden Co., U.S.P. 1936054, 
1933); electrolytic silver crystals with, or with¬ 
out, the addition of 1 to 10% of difficulty reducible 
oxides such as the oxides of tungsten, thorium, 
vanadium, cerium, molybdenum, zinc, alumi¬ 
nium and chromium (E.I. Bu Pont de Nemours 
& Co., U.S.P. 1968662, 1930 and 2006646,1930) ; 
silver prepared by ignition of silver cyanamide 
(Clancy, B.P. 163046, 1920). 

According to Adkins and Peterson (J, Amer. 
Chem. Soc. 1931, 68, 1612) molybdic anhydride 
dispersed on smfldl iron spheres is a highly 
efficient catalyst for the production of form^de- 
hyde although the optimum conversions per 
passage are relatively low. However, with a 
catalyst consisting of the oxides of iron and 
molybdenum in equal atomic proportions, con¬ 


versions of 90% and efficiencies of upwards of 
91% were attained. The use of catalysts con¬ 
taining at least 40% of molybdenum oxide 
admixed with one or more oxides of vanadium, 
iron, lanthanum, thorium, neodymium, zinc or 
tin has been proposed (Bakelite Corp., B.P. 
381670, 1931; U.S.P. 1913404-6, 1931; G.P. 
676696, 1930), a specially valuable mixture con¬ 
sisting of 45-60% MoDo, 46-40% V-Og and 
10% FeO. 

It has been claimed (Bailey and Craver Assr. 
to Barrett Co., B.P. 163980, 1920; U.S.P. 
1383069, 1921; Canad. P. 228038, 1923; F.P. 
633900, 1920; Blom, G.P. 292365, 1913) that 
vanadium pontoxide is an active catalyst for the 
production of formaldehyde at temperatures as 
low as 226°C., so that a large excess of air can 
be employed with resulting minimised risk of 
explosion. Furthermore, the presence of water 
and up to 5% of acetone in the methanol used 
is stated to have no effect on the activity of this 
catalyst. However, the efficiency of vanadium 
pentoxide is said to be increased by admixture 
with certain other metal oxides, such as those of 
potassium and manganese (Weiss and Bowns, 
U.S.P. 1851764,1928 ; International Aniline and 
Chem. Co., U.S.P. 2065394). 

Other catalysts suggested for this oxidation 
are incandescent carbon (Kala S.A., F.P. 
620754, 1926) and the oxides of cadmium, 
chromium and manganese (I.G. Farbenind. 

A. -G., G.P. 441433, 1923). In order to avoid 
excessive decomposition of the formaldehyde 
during reaction, it has been proposed to carry 
out the oxidation in the presence of sufficient 
ammonia to render the condensed products sub¬ 
stantially neutral (Bakelite Corp., U.S.P. 
1738746, 1927). Bilution with steam is also 
suggested as a means of stabilising the formalde¬ 
hyde and thus increasing the yields (Hirchberg, 

B. P. 199769 and 199760, 1922). 

In modem industrial practice, silver in the 
form of mesh net is most commonly employed 
as catalyst. According to Klar, the only 
alternative catalyst which has so far acquired 
any technical importance is silver deposited on 
carriers such as pumice and asbestos. Under 
suitable working conditions, equally good results 
are obtainable with both types of catalyst. 

(4) Control of Reaction. 

The oxidation of methanol is a highly exo¬ 
thermic process, the approximate heat effect of 
the gas phase reaction, 

CHsOH-fiOa^CHjO+HaO, 

being 4-36-3 kg. cak. per mol. (Kharasch, Bur. 
Stand. J. Res. 1929, 2, 369). In the industrial 
process, part of the heat of oxidation is con¬ 
sumed in promoting the endothermic dehydro¬ 
genation, a portion is lost by radiation and part 
is eliminated as sensible heat of the gaseous 
products. In general, the dissipation of the 
surplus heat cannot be effected by radiation or 
external cooling agencies, so that the catalyst 
mass is raised to a relatively high temperature. 
Temperatures of 600-600^0. are maintained in 
the catalyst zone and control of the temperature 
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is efiFected partly by regulating the velocity of 
the gases and, in many cases, by employing an 
excess of methanol or diluting the reaction mix¬ 
ture with hydrogen (Klar, Chem.-Ztg. 1936, 69, 
741). The hottest part of the catalyst mass is 
that located near the inlet end, the rear section 
of the catalyst serving to equalise and control 
the temperature. While it has been maintained 
by several investigators that some decomposition 
of formaldehyde, with consequent reduction in 
efficiency, is Hable to occur if the length of the 
catalyst zone is increased beyond a certain 
optimum, Thomas found no evidence for this 
when using silver or copper gauze contacts. 
With gold catalysts, however, the loss of form¬ 
aldehyde by decomposition increased slightly 
with increasing length, the oxidation being 
apparently complete in the first 20 mm. of 
length. The heat-conducting properties of the 
catalyst are also of some importance and Faith 
and Keyes (Ind. Eng. Chem. 1931, 23, 1250) 
have found that catalysts having the highest 
coefficient of heat transfer give the best yields 
of intermediate oxidation products. According 
to Bobrov, relatively short copper gauze discs, 
packed perpendicularly to the tube axis, give 
better results than copper gauze spirals. 

As might be anticipated, gas speeds are of 
considerable importance and fluctuations in feed 
rate can cause erratic operation when insufficient 
catalyst mass is used, owing to temperature 
variations. Linear gas velocities of the order 
of 1-2 ft. per sec. were used by Thomas, who 
found, however, that the efficiency of silver gauze 
catalysts is little affected by relatively large 
variations in gas speed. 

In industrial practice the catalysts arc usually 
gauze mesh of 36-300 mm. diameter (50 mm. 
diameter and 100 mm. long is typical), placed 
in a series of copper or silver-plated copper 
tubes of approximately the same internal dia¬ 
meter. An apparatus described by Schwyzer 
(Pharm. Ztg. 1930, 76, 28, 45) consisted of an 
annular cast-iron vessel provided with a central 
conduct to facilitate heat dissipation, the 
catalyst being a bed of copper turnings placed in 
the annular chamber, which was provided with 
an external removable electric heater to initiate 
the reaction. Special apparatus and means for 
controlling the course of the catalyses have been 
disclosed by the following patentees: Boake, 
Roberts & Co., B.P. 110787, 1916; Calvert, 
B.P. 814,1915 ; U.S.P. 1213740,1917 ; Brutzkus, 
B.P. 217747, 1923; Barbet, B.P. 206158, 1922; 
I.G. Farbenind. A.-G., B.P. 293203, 1927. 

(6) Treatment of Heaction Products. 

The crude reaction product, on condensation, 
furnishes a crude condensate rich in formalde¬ 
hyde and a gas which still contains appreciable 
amounts of methanol vapour. The latter can 
be removed by countercurrent scrubbing with 
water, the methanol being subsequently re¬ 
covered for re-use by iractionation of the 
aqueous wash liquor. The crude formaldehyde 
condensate whicn may, for example, contain 
30-36% of formaldehyde, 20-24% of water and 
a residue of methane^ is usually diluted with 
aqueous wash liquor and stripped of a part of 


its methanol content by fractionation in a 
copper still from which pure methanol is with¬ 
drawn as an overhead product and strong form¬ 
aldehyde solution from the bottom. 

Another method of operation consists in sub¬ 
jecting the crude reaction products to a con¬ 
tinuous rectification in a column apparatus. In 
this way it is possible to recover from the bottom 
plate a non-polymerising solution of formalde¬ 
hyde free from methylal and containing only 
0-1-0-2% of methanol (Hirchberg, B.P. 199769, 
1922; Roessler and Hasslacher Chem. Co., 
U.S.P. 1871019, 1930). Rapid cooling of the 
hot reaction gases is said to be advantageous and 
this may be effected by immediately contacting 
them with a cold aqueous formaldehyde solution 
(I.G. Farbenind. A.-G., B.P. 260908; Ahlbeck 
and Bakelite Corp.. U.S.P. 1744295, 1927). 
Very concentrated formaldehyde solutions, or 
paraformaldehyde, are obtained by oxidising 
substantially anhydrous methanol, rapidly cool¬ 
ing the reaction products and subjecting the 
cooled products to a countercurrent washing 
with a strong solution of formaldehyde 
(I.G. Farbenind. A.-G., B.P. 267768 and 
296847). 

Klar has described a third method of treating 
the reaction products in which the hot mixture 
of methanol vapour, formaldehyde, steam, 
nitrogen, hydrogen and oxides of carbon is 
passed into a series of aluminium columns, in the 
first of which formaldehyde solution condenses 
while, at a further point in the system, the bulk 
of the methanol is recovered for re-use in the 
process. 

(6) Yields. 

From 100 parts by w'eight of anhydrous 
methanol, a yield of 93-76 parts of 100% form¬ 
aldehyde, or 267 parts by weight of a 36-5% wjw 
solution, can theoretically be obtained. In large 
scale practice, yields of 88-90% of the theoretical 
can only be obtained under the most favourable 
operating conditions, although slightly better 
results have been reported in laboratory experi¬ 
ments conducted for relatively short periods of 
time. 

(7) Complete Plant. 

A typical modem plant for the oxidation of 
methanol to formaldehyde is shown in Fig. 2 
Vannino and Seitter, “ Der Formaldehyd,'’ 
Vienna and Leipzig, 1927; see also description 
in Chem. Rundschau fttr Mitteleuropa u. 
Balkan, 1926, p. 269). Air is aspirated by the 
compressor, 1, into a constant pressure receiver, 
2, from which it passes into a saturator vessel, 4, 
where it is preheated and meets a preheated 
steam of methanol from feeder 3. The resulting 
mixture of air and methanol vapour passes to a 
reactor, 6, usually consisting of a btmch of copper 
tubes charged with the catalyst. Copper tubes, 
600 mm. long and 60 mm. internal diameter, 
charged with silver gauze contacts 110 mm. long 
and about 60 mm. external diameter, are typical, 
while an igmtion pill is often used to initiate 
reaction. The products of reaction pass into a 
separator, 6, fipm the bottom of which com¬ 
mercial formaldehyde solution is withdrawn. 
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The bulk of the uncharged methanol is carried 
over with inert gas and is condensed by means of 
cooler, 7, and collected in receiver, 12 . The 
uncondensed gas then passes to scrubber, 9 , 
where the residual methanol is removed by 
countercurrent extraction with water, the 
resulting dilute methanol being concentrated 
in column 10 and returned to 12 for re*ust 5 . 

Peoduction of Formaldehyde by 
Oxidation of Hydrocarbons. 

It has long been known that formaldehyde is 
produced in small amounts by the incomplete 
oxidation in the vapour phase of various hydro¬ 
carbons. On account of its cheapness and 
abundance, methane appears particularly attrac¬ 
tive as a raw material for such a process. How¬ 
ever, despite a voluminous patent and scientific 
literature, so far little formaldehyde seems to 
have been produced industrially either from 
methane or other hydrocarbon gases. It has 
been stated that considerable quantities of i 
formaldehyde and methanol are produced by 


catalytic oxidation of natural gas (Ind. Eng. 
Ohem. 1928, 20, 342), and also as a by-product 
of the production of carbon black from natural 
gas (Eglolf and Schaad, Chem. Reviews, 1929, 
6 , No. 1 ), while small-scale plant for the pro¬ 
duction of formaldehyde from methane have 
been operated in Russia (Chem. Trade J. 1935, 
96, 200; 1937, 100, 234) and in Germany (Ind. 
Eng. Chem. Nows Edit. 1936, 14, 449). 

The general course of the vapour phase oxida¬ 
tion of methane by air or oxygen was elucidated 
mainly by the scientific work of Bone and his 
collaborators (J.C.S. 1902,81,535 ; 1903,88,1074 ; 
1906, 89, 674) and of Blair and Wheeler (J.S.C.I. 
1923, 42, 81T). Their results indicated that, 
owing to the instability of formaldehyde, the 
conditions favouring its formation include opera¬ 
tion at relatively low temperatures and for short 
contact times. For practical purposes this 
implies that high efficiencies of formaldehyde 
production can only be attained under con¬ 
ditions of small percentage decomposition per 
pass, so that multi-stage operation or recycling 
becomes necessary. By the non-catalytic oxida¬ 



tion of gas mixtures containing 80% methane 
and 20% oxygen at 066°C., Blair and Wheeler 
obtained formaldehyde with an efficiency of 
65% at very low conversions per pass, so that 
the actual concentration of formaldehyde in the 
exit gases was small. Higher concentrations 
can only be attained under conditions of 
relatively low efficiency. The highest form¬ 
aldehyde concentration was obtained by 
Tropsch and Roelen (Brennstoff-Chem. 1924, 
5, 37) by passing equimolecular mixtures of 
metbane and oxygen through small bore tubes 
at 1,000°C., when the yield of formaldehyde was 
5*96% of the methane entering the system; 
Ledbury and Blair (Chem. Res. Rep. No. 1, 
D.S.I.R. 1927) studied the non-catalytic oxida¬ 
tion of methane to formaldehyde in a circulation 
apparatus. Using a mixture of 80% CH 4 and 
20 % Oj with a contact time of about 1 second, 
at about 700°C. formaldehyde was obtained in a 
concentration of 2 mg. per litre of gas mixtiure 
and an estimated yield of 80%, ciUcidated on the 
methane oonsum^. 

The catalytic oxidation of methane to form¬ 


aldehyde has been the subject of a large number 
of scientific studies and patent disclosures, 
which are reviewed by Roelen (Ges. Abh. Kennt. 
Kohle, 1925, 7, 111), Egloff and Schaad (Chem. 
Reviews, 1929, 6, No. 1 ), Marek and Hahn 
(“ Catalytic Oxidation of Organic Compounds 
in the Vapour Phase,” 1932) and Mayor (Rev. 
Chim. Ind. 1927, 46, 70, 110). Interesting 
results were obtained by Medvedev (Trans. 
Karpov Inst. Chem. 1924, No. 3, 54; 1925, 
No. 4, 117) using catalysts consisting of phos¬ 
phates of lead, aluminium, tin and iron activated 
by the addition of about 0*13% of hydrogen 
chloride in the gas mixture used, and operating 
at 500-700°C. With mixtures of methane and 
air, or oxygen, one pass operation furnished 
formaldehyde in yields of 5-6% based on the 
methane passed through the apparatus. Schon- 
feldor (Ber. Ges. Kohlentech. 1923, 4, 247) 
found that by passage of mixtures of methane, 
steam and air over copper or silver catalysts at 
500®C., 55-58% of the hydrocarbon was oxidised 
to formaldehyde, 10 - 20 % to carbon monoxide 
and 25-40% remained unchanged. Oxidation 
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of methane with an equal volume of air at 560® 
in contact for 1 second with a suitable catalyst is 
claimed by James (U.S.P. 1588836,1926) to yield 
forifialdehyde in amounts corresponding to 
6*75% of the methane treated. Oxides of nitro¬ 
gen have been found to exert a distinct catalytic 
influence on the oxidation of methane to form¬ 
aldehyde (Layng and Soukup, Ind. Eng. Chem. 
1928, 20, 1052 ; Erolich, Harrington and Waitt, 
J. Amer. Chem. Soc. 1928, 50, 3216), and Bibb 
(U.S.P. 1392886, 1921; 1547725, 1925) has 

obtained a yield of 123 g. of formaldehyde per 
cubic meter of gas used by oxidising natural gas 
in the presence of this catalyst at 730®C. 

The homologues of methane appear to furnish 
higher proportions of formaldehyde by partial 
oxidation than does methane itself, probably 
because of the lower temperatures and shorter 
contact times involved. By heating a mixture 
of ethane and air (2 vol.) at 700°C. for about 
1 second and recycling part of the reaction 
products, yields of formaldehyde amounting 
to about 7-4% of the theoretical have been 
obtained (Currae, U.S.P. 1729711, 1929, Assr. to 
Carbide and Carbon Chemicals Corp., also B.P. 
238938, 1924). 

The industrial possibilities of the non-catalytic 
oxidation of ethylene to formaldehyde have been 
explored by Ledbury and Blair (l.c.), who 
obtained best results by passing a mixture of 
16-20% ethylene and a residue of air through a 
tubular reactor at 676®C. and a contact time of 
about 1 second. Under these conditions, form¬ 
aldehyde can be obtained with an efficiency of 
50-75% but the conversions per pass (and also 
the concentration of formaldehyde in the exit 
gas) are low, so that repeated recycling becomes 
necessary. 

The oxidation of hydrocarbons by moans of 
ozone and also by air under the influence of the 
silent electric discharge has been studied but 
neither method is of industrial importance. 

I 

Production of Formaldehyde by j 

Hydrogenation of Oxides of Carbon. I 

The hydrogenation of carbon monoxide to 
formaldehyde according to the reversible equa¬ 
tion CO-f H 2 ^ CH,^0 represents an intermediate 
stage in the well-known synthesis of methanol, 
and it might be expected, therefore, that such a 
synthesis would be of technical value. In j 
ractice, however, it is difficult to stop the 
ydrogenation at the desired stage and no 
industrial applications of this reaction have 
been recorded. Despite several patent claims 
(e,g. Dreyfus, B.P. 108856 and 167047, 1917; 
Church, F.P. 619649, 1919; Lush, B.P. 180016, 
1921; Fran^on, B.P. 460449, 1936) only traces 
of formaldehyde are obtainable at atmospheric 
pressure (Jaeger and Winkelmann, Gee. Abh. 
Kennt. Kohle, 1925, 7, 55). Somewhat better 
results appear possible at elevated pressures and 
B. M. Botscharova and B. M. Dolgov (J. Gen. 
Chem. Russ. 1934, 4, 145) obtained a 6% yield 
of formaldehyde from water gas at 126 atmo¬ 
spheres pressure and 400®C. in the presence of a 
4M gO — M HjO, catalyst. A variety of catalysts 
have been claimed for the high-pressure syn¬ 
thesis of formaldehyde (Soo. Chim. Grande 


Paroisse, B.P. 272166, 1927; Arsem and Com¬ 
mercial Solvents Corp. U.S.P. 1740141, 1929; 
Selden Co., U.S.P. 1824896, 1925). The re¬ 
duction of carbon monoxide by hydrogen at 
sub-atmospheric pressures and under the in¬ 
fluence of anodic light yields formaldehyde 
(Usines de Melle, B.P. 469371, 1937) while 
Roman (B.P. 371377,1932) has disclosed a cata¬ 
lytic process at atmospheric pressure in which 
a multi-metal catalyst is used and revivified at 
very frequent intervals. Reviews of this subject 
have been contributed by Kiister (Brennstoff- 
Chem. 1936,17,103) and Neumann and Biljcevic 
(Z. angew. Chem. 1927, 40, 1469). 

Miscellaneous Methods of Preparation. 

The oxidation of acetaldehyde in the vapour 
phase is claimed to furnish formaldehyde in 
yields of 50% or thereabouts (Consortium f. 
Elektrochem. Ind., B.P. 178842, 1922; U.8.P. 
1864541) while methylamine may also be 
oxidised to formaldehyde (Trumpler, Swiss P. 
111120, 1924). Passage of dimethyl ether and 
air over a copper or silver catalyst at elevated 
temperatures has also been proposed (Meister, 
Lucius and Brfining, G.P. 413448). 

Processes for the production of formaldehyde 
by catalytic reduction of formic acid (Arsem 
and Commercial Solvents Corp., U.S.P. 1648602 ; 
B.A.S.F., G.P. 185932; Goldschmidt, G.P. 
183856) or by decomposition of various formates 
(Hofmann, G.P. 316217; Guignard, F.P. 
650380) are scarcely attractive in view of the cost 
of the raw materials. 

The hydrolysis of methylene dichloride by 
means of water (Rhenania Ver. Chem. Fabrik., 
G.P. 362746), or by steam in the presence of 
alkaline salts, furnishes good yields of form¬ 
aldehyde (Meister, Lucius and Brfining, G.P. 
382391). Hydrolysis can also be effected in the 
vapour phase over activated charcoal at 260- 
270°C., when an 84% yield of formaldehyde is 
obtainable (I.G. Farbenind. A.G., G.P. 426670; 
B.P. 189432, 1922). Various methods of pro¬ 
ducing hexamethylenetetramine and allied pro¬ 
ducts by reacting methylene dichloride with 
ammonia, aqueous ammonia or ammonium 
chloride have been proposed (Karpen, B.P. 
230016; U.S.P. 1499001, 1499002, 1668817, 
1668823, 1630782; Holzvorkohlungs Ind., B.P. 
195602, 1922), but no large-scale applications of 
these processes have been recorded. 

Monomeric Formaldehyde. 

Formaldehyde was first obtained in relatively 
pure form by Kekul4 (Ber. 1892, 25, 2436; see 
idso Sachs, Ber. 1899, 81, 1231) by heating para¬ 
formaldehyde. Walker (J. Amer. Chem. Soc. 
1933, 55, 2821) prepared this substance by dis¬ 
tillation of an alkali-precipitated polyoxy- 
methylene. The monomer exffibits a marked 
tendency to undergo polymerisation, particularly 
in the presence of traces of water and oxygen. 
Recently, Spence and Wild (J.C.8, 1936, 338) 
have prepared more stable specimens of the 
liquid monomer by depolymerisation of para¬ 
formaldehyde and separation of water in a series 
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of cooled traps. Anhydrous formaldehyde gas 
is stable at 80-100'^C. at which temperature it 
shows little deviation from the gas laws. The 
gas at room temperature is quite soluble in 
methanol and very soluble in water. Gaseous 
formaldehyde decomposes at temperatures above 
500°C., mainly into carbon monoxide and 
hydrogen (Bone and Smith, J.C.S. 1906, 87, 
910), this reaction being accelerated by numerous 
catalysts (Muller, Ber. 1921, 64 [B], 3214; 
Tropsch, Otto and Roelen, Abh. Kennt. Kohle, 
1926, 7, 16, 25 ; Medvedev and Robinson, Trans. 
Karpov Inst. Chem., 1926, 4, 117). 

The following physical constants have been 
recorded: 

Liquid monomer^ b.p, —21°C. (Kekule, Z.c.); 
-19-2° at 760 mm. (Spence and Wild, J.C.k 
1936,607); m.p.-92°C. (Harries, Ber. 1901, 84, 
635); — 118°C. (Spence and Wild, Z.c.; latent 
heat of vaporisation, 5,160g.-cal./mol. (Mali and 
Ghosh, J, Indian Chem. Soc. 1924, 1, 37); 5,670 
g.-cal./mol. (Spence and Wild, lx.) ; density, 
0*8153 at —20®C. (Kekul4); vapour pressure- 
temperature relationship 

logic patm.==--1429/T+l*75 log T 

-00063T+30177 

(Spence and Wild, Z.c.). 

Gaseous monomer .—Heat of formation, 26,400 
g.-cal. (D414pine, Ann. chim. phys. 1898, [vii], 
16, 654; Compt. rend. 1897, 124, 1526); heat 
of formation at constant volume, 27,800 g.-cal. 
(von Wartenberg, Muchlinski and Riedler, Z. 
angew. Chem. 1924, 87, 467; von Wartenberg, 
1925, 88, 691); heat of solution in water, 
15,400 g.-cal. (D414pme). 

Aqueous Solutions of Fokmajldehyde. 

Formaldehyde is available commercially in the 
form of its aqueous solutions, which always con¬ 
tain appreciable amounts (7-13%) of methanol 
to prevent the deposition of water-insoluble 
polymers. The 40% formaldehyde of com¬ 
merce contains 36-38% by weight of form¬ 
aldehyde ; the product required by the British 
Pharmacopoeia should contain 36-38 g. per 
100 c.c. and have a sp.gr. of 1*080. To inhibit 
the formation of polymers, it has been proposed 
to add substances such as sodium soaps (Hirch- 
berg, B.P. 211943, 1922), urea (Canadian In¬ 
dustries, Ltd., Canad. P. 341481, 1933), 

hydrogen sulphide (Du Pont de Nemours & Co., 
B.P. 427423, 1933; U.S.P. 2002243, 1932) and 
water-soluble nitrogen compounds such as 
thiourea (Du Pont de Nemours & Co., B.P, 
428871, 1933). The addition of 10-16% of 
glycerol and sufficient alkali to give a distinctly 
alkaline reaction is also claimed as a method of 
stabilising concentrated aqueous solutions (In¬ 
ternational Chem. Co., F.P. 644293). Form¬ 
aldehyde solutions for pharmaceutical purposes 
are prepared by distillation in copper stills with 
addition of lime to the distillate in order to 
neutralise formic acid. 

The following values of for methanol-free 
formaldehyde solutions are given by von 
WM*tenberg and Lemer-Steinberg (Z. angew. 
Chem. 1925, 88, 691). 


^4. 

g. CHjjO per 

100 g. 

g. CH-O per 

100 cc. 

1*000 

0*5 

0*6 

1*010 

3*7 

3*8 

1*020 

7*0 

7*1 

1*030 

10*2 

10*5 

1*040 

13*4 

14*0 

1*060 

16*7 

17*5 

1*060 

19*8 

21*0 

1*070 

23*0 

24*6 

1*080 

, 26*2 

28*3 

1*086 

! 27*8 

30*1 

1*090 

29*3 

32*0 

1*095 

30*9 

33*8 

MOO 

32*5 

36*7 

1*105 

34*0 

37*6 

MIO 

36*6 

39*5 

1*115 

37*2 

41*4 

1*120 

38*7 

43*4 

1*125 

40*3 

46*3 


The presence of methanol considerably re¬ 
duces the density of formaldehyde solutions, as 
may be seen from the following figures (data 
quoted by Ullmann, “ EnzyklopAdie der tech- 
nischen Chemie, 1930, vol. 6; see also Maue, 
Pharm. Ztg. 1918, 68 , 197; Gradenwitz, ibid. 
241). 

Values of dj®. 


Methanol 

1 

Formaldehyde, %. 

%. 

30 

32 

34 30 38 

40 

0 

1*0940 

1*1003 

1*1066 1*1128 — 


2 

1*0892 

1*0953 

1*1015 1*1077 ™ 

— 

4 

1*0847 

1*0908 

1*0969 1*1030 — 

— 

6 

1*0799 

1*0860 

1*0921 1*0983 1*1045 

— 

8 

1*0755 

1*0815 

1*0875 1*0935 1*0996 

1*1058 

10 

1*0711 

1*0770 

1*0829 1*0888 1*0947 

1*1006 

12 

1*0664 

1*0721 

1*0779 1*0836 1*0894 

1*0952 

14 

1*0618 

1*0674 

1*0730 1*0787 1*0843 

1*0899 

16 

1*0573 

1*0628 

1*0684 1*0740 1*0796 

1*0852 

18 

1*0527 

1*0580 

1*0635 1*0691 1*0747 

— 

20 

1*0481 

1*0534 

1*0587 1*0641 1*0695 

— 


The heat of solution of formaldehyde in water 
is 15,400 g.-cal. per mol. (D614pine, Z.c,), the 
heat of formation of aqueous formaldehyde being 
40,300 g.-cal. (D416pine). 

Information on the concentration of form¬ 
aldehyde solutions by distillation is conflicting. 
Thus, while Auerbach (Arb. Kais. Gesundh. 
1906, 22, 684) found that the boiling point of 
aqueous solutions decreased with increasing 
formaldehyde concentrations up to 30% and 
then remained practically constant, Gibson and 
Wilkinson (J. Amer. Chem. Soc. 1921, 48, 696) 
concluded that an 8% solution constituted a 
constant boiling mixture and that distillation of 
solutions below 8% gave distillates more con¬ 
centrated than tne residual liquid. On the 
other hand, Ledbury and Blair (Z.c.) fractionated 
methanol-free formaldehyde solutions in a 6- 
section Young column and found that a 30% 
solution approximates to a constant boiling 
mixture (b.p. 98*7®C. at 760 mm.); so that 
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it is possibJe to concentrate formaldehyde in 
the distillate or in the residue, depending on 
whether the concentrations of the initial solu¬ 
tion are respectively below or above 30%. 
Quite different results are recorded by Zimmerli 
(Ind. Eng. Chem. 1927, 19, 524), who was able 
to concentrate formaldehyde solutions to yield 
distillates with a maximum content of 56% 
of formaldehyde by using an 8 ft. packed column 
and high reflux ratios. Even weak solutions 
could be concentrated, leaving a residue entirely 
free from formaldehyde. Zimmerli believed that 
the formation of methylene glycol, CH 2 (OH) 2 , 
was responsible for this fractionation, a 56% 
formaldehyde (b.p. 99°C.) corresponding to 90% 
of the hypothetical glycol, the existence of 
which has also been inferred from physical and 
chemical evidence. 

It has been shown by Korshev and Rossinkaja 
(J. Chem. Ind. Russ. 1935, 12, 610, 721) that 
formaldehyde can be concentrated by distil¬ 
lation under reduced pressure, the distillate 
vapours being much poorer in formaldehyde 
than under atmospheric pressure. Thus, the 
vapours evolved on distillation of 7%, 17% and 
28% aqueous formaldehyde solutions at 21 mm. 
contain 0-46%, 1-41% and 4-60% of form¬ 
aldehyde respectively while the corresponding 
concentrations for distillation at 1 atmosphere 
are 6-95, 14-96 and 22*8%. The addition of 
calcium chloride in atmospheric pressure dis¬ 
tillation increases the concentration of form¬ 
aldehyde in the vapours so that a 13% aqueous 
formaldehyde can be made to yield directly a 
distillate containing 37% of formaldehyde. For 
the concentration of very dilute solutions, it is 
proposed to remove part of the water by dis¬ 
tillation at 32°C. and 30 mm. and then distil 
the residue with the addition of calcium chloride 
to furnish a distillate containing 37% form¬ 
aldehyde. 

Reduction in free acidity to below 0*01% by 
weight, calculated as formic acid, followed by 
concentration under reduced pressure, has been 
proposed (Deuts. Gold- u. Silber-Scheideanstalt, 
vorm Roessler, B.P. 447050, 1936). Smith 
(U.S.P. 2015180) obtains concentrated form¬ 
aldehyde solutions by distilling aqueous form¬ 
aldehyde with substances, such as calcium 
chloride, which raise the boiling-point of the 
solution above the decomposition point of the 
formaldehyde polymers, and collecting the first 
fractions. With a view to decomposing poly¬ 
meric forms and thus increasing the form¬ 
aldehyde concentration in the vapour phase, 
distillation under increased pressures has been 
advocated, particularly in the presence of a salt 
or an acid or acidic salt (Deuts. (Sold- u. Silber- 
Scheideanstalt vorm Bossier, B.P. 471762, 
1937; Roessler and Hasslacher, Chem. Co., 
U.S.P. 1906033,1933). Ledbury and Blair have 
found that pressure distillation in the presence 
of iron, monel metal and lead involves con¬ 
siderable decomposition of formaldehyde in 
aqueous solutions, but nickel, aluminium and 
copper are less objectionable in this respect, 
liie partial pressures of formaldehyde in 
aqueous solutions of 5-40% concentrations and 
at temperatures of 0-45°C. have been determined 
by Ledbury and Blair, using a dynamic method. 


The presence of methanol increases the partial 
pressures of formaldehyde in this range of con¬ 
centration and temperature. According to 
Walker (J. Physical Chem. 1931, 85, 1104) the 
partial pressure of formaldehyde is much less 
than would be expected on the basis of Henry’s 
law and appears to be proportional to the con¬ 
centration of methylene glycol. 

Chemical evidence, already referred to, of the 
existence of hydrated forms of formaldehyde in 
aqueous solution is supported by a number of 
physico-chemical data including cryoscopic 
molecular weight measurements, Raman spectra 
and absorption spectra. In dilute aqueous solu¬ 
tions, formaldehyde exists apparently almost 
entirely in the form of methylene glycol but in 
more concentrated solutions, this monohydrate 
is in equilibrium with other hydrates such as 

(CH 20 ) 8 *Ha 0 or 
HO CHj-O CHj-O CHa-OH. 

According to Auerbach and Barschall (Arb. 
Kais. Gesundh. Amt. 1905, 22, 584) methylene 
glycol and triraethyleneglycol are the only 
hydrates present in solutions containing up to 
34% formaldehyde. Higher polymerised hy¬ 
drates, or hydrated polymers, are formed very 
readily from more concentrated solutions and 
tend to be precipitated in solid form. When a 
concentrated formaldehyde solution is diluted 
with water, the polymerised hydrates dissociate 
into methylene glycol but equilibrium is only 
obtained after several hours at room temperature 
(Walker, Ind. Eng. Chem. 1931, 28, 1220). 

POLYMBES OF FORMALDEHYDE. 

Two entirely different types of formaldehyde 
polymers must be distinguished, namely (i) true 
polymers of the general formula (CHjO)^ and 
(ii) hydrated polymers of the type (C H 20)n‘ H20» 
most of which have the constitution of poly- 
methyleneglycols, namely, 

HO*CHj*[0 CHJn OH. 

Only substances of the second type are of in¬ 
dustrial importance. 

Paraformaldehyde^ a substance of considerable 
technical importance, consists of a mixture of 
polymethyleneglycols of the formula 

(CHjOn-HjO 

where n varies between 6 and 60 according to 
the degree of polymerisation (Staudinger, 
Annalen, 1929, 474, 241, 250). It is a white 
amorphous powder, melting at 120-130®C. 
(sealed tube) and smelling strongly of form¬ 
aldehyde, with a formaldehyde content of about 
95%. It dissolves slowly in cold water, more 
rapidly on warming, to yield solutions which 
tend to be transformed into aqueous form¬ 
aldehyde ; this transformation is said to be veiy 
rapid on heating. It is insoluble in alcohol and 
ether. 

Paraformaldehyde is slowly precipitated at 
ordinary temperatures from formaldehyde solu¬ 
tions of more than 30% strength; at lower 
temperatures the limiting concentration is lower. 
Several industrial methods of preparation have 
been described, the main object being the pre* 
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paration of a product as soluble in water as 
possible and free from insoluble polymers. In 
a method described by Schwyzer (Chem.-Ztg. 
1930, .76, 28, 45), aqueous formaldehyde is 
distilled to the extent of about 60% in an 
enamelled iron vessel and the residue is trans¬ 
ferred to a second enamelled vessel where it is 
agitated for 48 hours at 6~10®C. to yield a solid 
mass of paraformaldehyde. Patented methods 
of preparation include evaporation of form¬ 
aldehyde solutions at low temperatures either 
under reduced pressure (Richter, F.P. 760076, 
1933; Nasch, B.P. 420993, 1932) or by adding 
substances forming low-boiling azeotropes with 
water (Deuts. Gold- u. Silber-Schcideanstalt, 
vorm Roessler, B.P. 376744). Paraformalde¬ 
hyde is also produced by slowly cooling a 55- 
65% aqueous formaldehyde solution at a rate 
of 1-3®C. per hour, preferably in the presence of 
an electrolyte (Deuts. Gold- u. Silber-Scheidean- 
stalt, vorm Roessler, B.P. 421691, 1933). 

a-Polyoxymethylene is a mixture of hydrated 
polymers similar to paraformaldehyde but 
having a higher degree of polymerisation, the 
values of n in the formula (CHjOln'HgO being 
100 or over (Staudinger, Annalen, 1929, 474, 
241, 260; Mannich, Ber. 1919, 62 [B], 160). 
Like paraformaldehyde, it dissolves readily in 
dilute alkalies and in sodium sulphite solutions. 
However, it is less soluble in water than para¬ 
formaldehyde and has a higher melting-point, 
e,(j. 160-168°C. in a sealed tube. On heating in 
an open tube it is transformed into gaseous form¬ 
aldehyde without melting, while its aqueous 
solutions undergo slow depolymerisation to form¬ 
aldehyde, Solutions of paraformaldehyde and 
a-polyoxymethylene can be used in place of 
formaldehyde in most chemical reactions. It is 
prepared by the action of dehydrating agents on 
aqueous formaldehyde solutions, e.g. by adding 
1 vol. of cone, sulphuric acid to 10 vol. of 38% 
formaldehyde solution. The product is wash^ 
with water and, after drying over phosphorus 
pentoxide, contains about 99% of available 
formaldehyde (Staudinger, l.c.). A similar 
polymer can be prepared by the action of 
alkalies, such as sodium or potassium hydroxides, 
on formaldehyde solutions. By treating a 50- 
60% aqueous solution of formaldehyde with a 
few parts per thousand of inorganic or organic 
basic material such as ammonia, amines or 
urea, a crystalline product is said to be ob¬ 
tained, which after vacuum drying, contains 
0-6-1 *6% of combined water (I^let, F.P. 
765540, 1933). Solid granular polymers are 
obtained by treating 45% formaldehyde solu¬ 
tions with a small amount of dilute sodium 
carbonate below 50®C. (I.G. Farbenind. A.-G., 
B.P. 303258,1927), or from solutions containing 
25%, or less, formaldehyde by addition of sul¬ 
phuric or phosphoric acids of at least 2% con¬ 
centration at temperatures below 60®C. (Schilt, 
B.P. 342668, 1929). 

P-PclyoxymethyUne is similar to the above- 
mentioned polymers but has probably a higher 
degree of polymerisation. It is produced by 
treating 10 vol. of 40% formaldehyde with 4 voL 
of concentrated sulfuric acid. The polymer 
always contains a small amount of sulphuric 
acid not removed by water washing and probably 


combined in the form of sulphuric acid deriva¬ 
tives of the higher polymethyleneglycols. It 
is insoluble in alcohol and ether, slightly soluble 
in water (3*3% at 18® and 4% at 26°C.), but dis¬ 
solves in aqueous sodium sulphite. Heating in 
an open tube converts it partly into gaseous 
formaldehyde and partly into a-trioxymethy¬ 
lene; in a sealed tube it melts at 163-168°C. 
(Auerbach). 

y-Polyoxymethylene is produced along with a- 
and j8-polyoxymethylenes by the action of 4 vol. 
of concentrated sulphuric acid on 10 vol. of 
formaldehyde solution containing methanol. 
This substance is not a true polymer of form¬ 
aldehyde since Staudinger has shown that it 
contains combined methanol, probably in the 
form of dimethyl ethers of polymethylene¬ 
glycols. In agreement with this structure, y- 
polyoxymethylene is scarcely soluble in water 
and does not dissolve in dilute alkalies or 
sodium sulphite so that it is readily separated 
from a- and jS-polyoxymethylenes. It melts at 
160-168®C. in a sealed tube*. By prolonged 
action of boiling water it is converted into 
B‘polyoxymethyle/ney a change which is repre¬ 
sented by Staudinger as follows : 

CHjO-LCHj-OVCHg-O-CHg-OCHa 

CH 30 [CH20]n CH5j-CH(OH)-OCH3. 

This S-polymer is insoluble in water, sodium sul¬ 
phite solution, alcohol and ether. It melts at 
169-170°C. in an open tube without decomposi¬ 
tion, but at higher temperatures it yields 
formaldehyde. 

€-Polyoxymethylene is the name given to an 
amorphous polymer melting at 195-200®C. and 
insoluble in water and alkaline solutions. This 
substance was discovered by Hammick and 
Boeree (J.C.S. 1922, 121, 2738) but its constitu¬ 
tion is not definitely known. Its composition 
corresponds with a true polyoxymethylene, i.e. 
with (CH 20 )n> but in its physical properties it 
bears a closer resemblance to the poly methylene 
glycols or hydrated polymers. 

The true polyoxymethylenes of the formula 
(CH,0)„ differ from the hydrated polymers in 
not containing combined water, methanol or 
sulphuric acid. On thermal decomposition, the 
former yield gaseous monomeric formaldehyde, 
while the latter give partially polymerised 
vapours. So far, only two members of the true 
polyoxymethylene type have been described, 
namely a-trioxymethylene and tetraoxymeth- 
lene. 

a-Trioxymethylene is obtained in 10% yield by 
sublimation from a mixture of 10 parts of para¬ 
formaldehyde and 1 part of 60% sulphuric acid 
in an evacuated and sealed tube. It is also pro¬ 
duced by subliming )5-polyoxymethylene, the 
sulphuric acid content of which probably acts 
as a catalyst. The purified compound is a 
crystalline solid melting at 64®C. with a smeU 
somewhat resembling that of chloroform. It is 
insoluble in water, aqueous alkaline or sodium 
sulphite solutions, slightly soluble in light 
petroleum and soluble in numerous organic sol¬ 
vents. It fails to give the characteristic form¬ 
aldehyde reactions with SchifTs reagent or 
ammoniacal silver nitrate and is converted by 
sulphury! chloride into chloracetic acid. The 
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vapour of the compound, which is stable up to 
about 200°C., has a density corresponding to 
(CHgOlg. The polymer probably has the cyclic 
structure. 

CHa 

(T 

I I 

CHj CHa 

(Auerbach and Barschall, Arb. Kais, Gesundh. 
Amt. 1907, 27, 182; Hammick and Boeree, Z.c.). 

Tetraoxymethylene was obtained by Staudinger 
and Liithy (Helv. Chim. Acta, 1926, 8, 66) by 
heating an insoluble polyoxymethylene diace¬ 
tate at 160°C. in vacuo. It is a crystalline solid, 
m.p. 112'^, with a vapour density corresponding 
to a tetramer of formaldehyde, (CH 20 ) 4 . 

Chemical Reactions of Foemaldehyde. 

Oxidation of formaldehyde yields formic acid 
and its degradation products depending upon 
the conditions. Treatment of 30% formalde¬ 
hyde solutions with oxygen in the presence of 
platinum gives carbon dioxide and water, while 
sodium hypochlorite oxidises it to formic acid 
(Dehn, J. Amer. Chem. Soc. 1909, 31, 1229). In 
dilute sulphuric acid solution, electrolytic oxida¬ 
tion gives formic acid and oxides of carbon (Law, 
J. Amer. Chem. Soc. 1906, 87, 199); in alkaline 
solution formic acid and hydrogen (Muller, Z. 
angew. Chem. 1922, 35, 689) are formed. In 
aqueous alkaline solution, formaldehyde is 
oxidised by hydrogen peroxide to yield sodium 
formate and hydrogen, a reaction which has 
been made the basis of an accurate quantitative 
method of estimation (Blank and Finkenbeiner, 
Ber. 1898, 31, 2979). Rieche and Meister {ibid. 
1935, 68 [B], 1465) have shown that in an¬ 
hydrous media hydrogen peroxide combines with 
formaldehyde to give hydroxymethyl hydro¬ 
peroxide, a relatively stable oil. 

Formaldehyde is a strong reducing agent and 
in alkaline solutions can reduce salts of many 
metals, including the noble metals, mercury, 
bismuth, iron, osmium, etc., with precipitation 
of the free element. In strong alkahne solutions 
of formaldehyde, silver oxide and cuprous oxide 
catalyse the evolution of hydrogen in accordance 
with the equation 

CHaO+NaOH = HCOaNa+Ha 

(Vanino, ibid. 1903, 36, 3304). 

Even in dilute aqueous solutions, formalde¬ 
hyde combines with ammonia to yield the 
monoacid base, hexamethyleTietetramine in ac¬ 
cordance with the equation 

eCHaO+4NH3=N4(CHa)e+6HjO. 

This technically important material is a white 
crystalline solid, soluble in water and alcohol 
but insoluble in ether. Its production has been 
made the basis of a titrimetric method of deter¬ 
mining formaldehyde (Legler, ibid. 1883, 16, 
1933; Loew, J. pr. Chem. 1886, [ii], 88, 326). 
Passage of ammonia into a strong, well-cooled, 
aqueous solution of formaldehyde yields a 
colourless oil, possibly tri-(hydroxymethyl}- 


amine, which readily changes to hexamethylene 
tetramine. 

With hydrogen sulphide, formaldehyde yields 
trimeric thioformaldehyde, (CHgS). Formalde¬ 
hyde oxime, b.p. 84-^5®C., is readily poly¬ 
merised to a trimer, (CHaiNOHlg. Fuming 
sulphuric acid and trioxymethylene give methy¬ 
lene sulphate 


CHa SOa 


(Del4pine, Compt. rend. 1899, 129, 831). With 
hydrogen chloride a variety of compounds are 
formed, including chloromethyl ether^ dichloro- 
methyl ether, monochloromethyl alcohol and di- 
{chloTomethoxy)-methane. The preparation of 
fluoromethyl alcohol from hydrogen fluoride and 
formaldehyde has been disclosed with a view 
to its use as a bactericide and fungicide (Meyer, 
G.P. 443507). 

Sodium bisulphite combines with formalde¬ 
hyde to yield the compound 


CHaO NaHSOg JHaO, 

readily soluble in water and methyl alcohol and 
less soluble in ethyl alcohol. It is reduced to 
(CH 20 ) 2 -Na 2 S 204 Hyraldite”) and sodium 
formaldehydesulphoxylate. 


H0CH20S0Na-2Ha0 

{**liongalite C ’’), both of which are of industrial 
importance. 

Depending upon the experimental conditions, 
alkaline reagents convert formaldehyde into 
methyl alcohol and formic acid (Cannizzaro 
reaction), or into a mixture of hexoses, including 
* a-acrosc, as well as intermediate products such 
as glycollaldehyde and dihydroxyacetone. In 
general, strong bases and concentrated form¬ 
aldehyde solutions favour the Cannizzaro re¬ 
action while weak bases, such as calcium car¬ 
bonate or lead oxide, and dilute formaldehyde 
solutions, yield products of the modified aldol 
condensation. 

Formaldehyde is capable of reacting with 
almost aU types of organic compounds, in¬ 
cluding hydrocarbons, carbohydrates, aldehydes, 
ketones, carboxylic acids, esters, alcohols, 
phenols, amines, hydrocyanic acid, hydrazines, 
hydroxylamines, urea, nitro-compounds, amides 
and proteins. In many of these reactions 
formaldehyde combines with an addendum 
RH to yield first methylol derivatives, 
R'CHg-OH and then R-GHj-R. Thus, with 
acid amides, compounds of the type 

R CO NH CHa-OH and (R CO NH)aCH, 

are formed. Combination of formaldehyde with 
primary aliphatic amines gives alkylamino- 
methanols, R-NH*CHa*OJHf which are de¬ 
hydrated by solid alkalis to (RN.'CHa)^, 
probably having a cyclic structure. 


CHj NR CHa NR CHa-NR. 

Secondary amines combine by typical reactions 
to give first RaN-CHaO H and then CHa(NRj)a. 
Examples of the introduction of the — CHa’Orl 
group into nitrogen bases are the reaction with 
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benzylamine to yield C 0 Hg*CH 2 *NH*CHg'OH 
(Heniy, Bull. Soc. chim. 1895, [iii], 13, 157) and 
with carbazole to yield N-methylol carbazole 
(Lange, Q.P. 256757). More complex reactions 
occur with many aromatic bases. Thus aniline 
combines with aqueous formaldehyde to yield an- 
hydroformaldehydeanilirie, CgHg-N-.CHj, which 
exists as a trimer, probably of cyclic structure 
and also in a higher polymeric form. In the 
presence of dilute alkali, dianilinomethaney 
CHa(NHCeHj) 2 , is formed. Both anhydro- 
formaldehydea^ne and dianilinomethane com¬ 
bine with aniline, on heating with aniline hydro¬ 
chloride to yield mainly 4:4'-diaminodiphenyl- 
methane. Similar reactions occur with o- 
toluidine and j 3 -toluidine (Morgan, J.S.C.I. 1930, 
49, 245T). Still more complex reaction pro¬ 
ducts have been isolated from the reaction 
between formaldehyde and ^-toluidine (Troger, 
J. pr. Chem. 1887, [ii], 86 . 227; Wagner, J. 
Amer. Chera. Soc. 1935, 57, 1296). Reaction 
of formaldehyde with dimethylandine gives 
tetramethyl - 4:4' - diaminodiphenylmethane, an 
important dye intermediate. The condensa¬ 
tion of formaldehyde with phenols is a reaction 
of the greatest technical importance in the 
manufacture of synthetic resins. Condensation 
in the presence of acidic catalysts yields fusible 
soluble resins but a number of simple inter¬ 
mediate substances, including hydroxylated di- 
phenylmethanes, have been isolated (Baekeland 
and Bender, Ind. Eng. Chem., 1925, 17, 225; 
Megson and Drummond, J.S.C.I. 1930,49,251T). 
Alkaline condensing agents favour the produc¬ 
tion of insoluble resins, but intermediate crystal¬ 
line substances in which the methylol group 
has been introduced into the phenolic molecule, 
such as o-hydroxybenzyl alcohol, have been 
isolated (Lederer and Manasse, Ber. 1894, 27, 
2411; Megson and Drummond l,c.). 

In its condensation with aldehydes and ketones 
under the influence of alkaline reagents, resinous 
products are usually formed, although inter¬ 
mediates can often be isolated. The reaction 
apparently proceeds by repeated introduction of 
methylol groups at the carbon atom adjacent to 
the CO group. Thus, y-ketobutyl alcohol and 
bis-hydroxymethyl-tetrahydro-y-pyrone have 
been isolated from the products of condensation 
of formaldehyde and acetone. Under similar cir¬ 
cumstances methyl ethyl ketone yields y-keto-j 8 - 
methylbutyl alcohol, 

CHj CO CH (CHjl CHa OH, 

and y - keto - j3-hydroxymethyl-)S-methylbutyl 
alcohol, CH 8 C 0 .C(CH 8 )*(CH. 0 H) 2 . (Morgan 
and Holmes, J.C.S. 1932, 2667; see also 
D5combe, Compt. rend. 1936, 208, 1077). Con¬ 
densation of formaldehyde with acetaldehyde 
in alkaline media yields finally pentaerythritol, 
C(CHa*OH) 4 , a substance of importance in the 
manufacture of explosives. In this reaction, 
three methylol groups are introduced into the 
acetaldehyde molecule, with the simultaneous 
reduction of the aldehyde group. In the 
presence of potassiiun bicarbonate, three 
methylol groups are introduced into the nitro* 
methane molecule to yield, N 08 *C(CH 8 - 0 H) 8 . 

Formaldehyde can be condensed with aromatic 
hydrocarbons in the presence of sulphuric acid 

VoL. V.—21 


and in glacial acetic acid solution to yield diaryl- 
methane hydrocarbons (Baeyer, Ber. 1872**74). 
In the presence of a large proportion of form¬ 
aldehyde, or its equivalent, insoluble amorphous 
or resinous solids are formed (Nastukov, J. Russ. 
Phys. Chem. Soc. 1903, 85, 824; 1904, 86 , 881; 
see also Ellis, “ The Chemistry of Synthetic 
Resins,” 1935, Vol. 1, pp. 263-267). Addition of 
formaldehyde to unsaturated hydrocarbons in 
the presence of sulphuric acid as catalyst takes 
place in accordance with the scheme 


>C=C<-fCH2(OH)2 


>C(CHaOH)C(OH)< 


l:3-giycols being formed. Thus styrene and 
formaldehyde in acetic acid solution yield 2 - 
phenyl-1:3-propylene glycol and its methylene 
ether (Prins, Proc. Acad. Sci. Amsterdam, 1919, 
22, 51). Propylene and formaldehyde similarly 
give l: 3 -butylene glycol. 

Like other aldehydes, formaldehyde yields 
acetals on reaction with alcohols in the presence 
of acid catalysts. With 1 : 2 - and l: 3 -glycols, 
cyclic acetals are produced of the type 


CH,-0 
I >CH,. 


By heating together ammonium salts and 
aqueous formaldehyde, the ammonia undergoes 
methylation with the production of carbon 
dioxide and salts of monomethylamine and tri- 
methylamine (Brocket and Cambier, Bull. Soc. 
chim. 1895, [iii], 13, 533; Compt. rend. 1895, 
120, 557; Koeppen, Ber. 1905, 88 , 882). 
Primary and secondary aliphatic amines may 
also be methylated in a similar manner. Mix¬ 
tures of formaldehyde, formic acid and amines 
react in accordance with the following equation : 


R-NH + CHaO+HCOOH 

-RjN CHa+COg-fHaO. 

(Sommelet and Ferrand, Bull. Soc. chim. 1924, 
[iv], 35, 446 ; Clarke, Gillespie and Weisshaus, 
J. Amer. Chem. Soc. 1933, 55, 4571). 

Analysis. —For the qualitative detection of 
formaldehyde, a large number of tests have been 
advanced, most of which are colour reactions. 
These include the formation of a red colour 
(changed to bluish-violet by addition of hydro¬ 
chloric acid) with Schiff’s reagent; reaction with 
phloroglucin in alcoholic alkali solution to give 
red colour; development of a yellow colour, later 
changing to red, in presence of resorcinol and 
sulphuric acid; as well as reaction with phenyl- 
hy^azine and sodium nitroprusside in alkaline 
solution. Most of the above reactions are suit¬ 
able for detecting formaldehyde in dilutions of 
1:60,000 (Sabalitschka and Harnisch, Z. anal. 
Chem. 1927, 70, 67; c/. Food Pbbservatives, 
p. 297). Other tests for formaldehyde include the 
formation of a silver mirror from alkaline silver 
solutions, and the formation of characteristic 
derivatives such as anhydroformaldehydeaniiine, 
hexamethylenetetramine and formaldehyde-p- 
nitrophenylhydrazone. 

Of the numerous methods advanced for the 
quantitative determination of formaldehyde, 
^at of Legler (Ber. 1883,16,1335), based on the 
formation of hexamethylenetetramine, gives 
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slightly low results. The accurate method of 
Blank and Finkenboiner {ibid. 1898, 81, 2979; 
1899, 82, 2141) depends upon the oxidation of 
formaldehyde by hydrogen peroxide in alkaline 
solution according to the equation, 
2CH20+2Na0H+H202 

=2HC0aNa4-H2+2H20, 
the excess alkali being determined by titration. 
In alkaline solution, formaldehyde is oxidised 
to formic acid by iodine, 2 atomic proportions of 
which are equivalent to 1 mol. of formaldehyde. 
This is the basis of Romijn’s method (Z. anal. 
Chem. 1897, 86, 18) which, however, fails in 
the presence of acetaldehyde. Another method, 
improved by Schulek (Ber. 1925, 68, 732), 
depends on the combination of formaldehyde 
with potassium cyanide to form glycollonitrile, 
subsequently hydrolysed to potassium glycol- 
late. This is said to be very satisfactory even 
in the presence of other aldehydes. For deter¬ 
mining formaldehyde in dilute solutions. 
Orchard (Analyst, 1897, 22, 4) has proposed a 
method based on the reaction with an am- 
moniacal silver solution, the excess silver being 
found volumetrically. Methods based on the 
combination of formaldehyde with sodium sul¬ 
phite according to the equation, 
CH^O+NagSOa-fHaO 

==CH 20 NaHS 03 +Na 0 H, 
with titration of the alkali liberated, are not 
satisfactory in the presence of other aldehydes. 
For a review of the subject, see Mach and Herr¬ 
mann, Z. anal. Chem. 1923, 68, 417. 


Uses of Formaldehyde. 

Formaldehyde is employed extensively in 
industry and is to-day one of the most important 
organic chemicals of commerce. Very large 
quantities, amounting to thousands of tons per 
annum, are employed in the manufacture of 
synthetic resins and lacquers by condensation 
with phenols or urea. Condensation products of 
formaldehyde with various natural products, 
including casein, gelatin and yeast, with or 
without phenol or urea, are also employed ex¬ 
tensively as resins. The most important syn¬ 
thetic resins are, however, those produced from 
formaldehyde and phenol, alkylphenols or urea. 

On account of its intense chemical reactivity, 
this substance is used very extensively as an 
intermediate in the manufacture of dye-stuffs, 
such as indigo, rosaniline, auramine, acridine 
dyes, etc., for the production of pentaeiythritol 
for explosives, and of numerous other chemicals. 
Substances such as paraformaldehyde, sodium 
formaldehyde bisulphite and sodium formalde- 
hydesulphoxylate also find extensive application 
in dyeing, bleaching, calico printing, etc. 

For the antiseptic properties of formaldehyde 
(v. Disinfectants, Vol. IV, 26c). Many pharma¬ 
ceutical preparations containing formaldehyde, 
admixed or combined with other materials, 
have been placed on the market as medicines, 
general antiseptics, deodorants and internal 
antiseptics. Formaldehyde in 2-2*6% aqueous 
solution is employed in the disinfection of wool 
and hairs, and is said to be the most economical 
and ef5cient material for combating the anthrax 
bacillus. It is useful as a disinfectant in 


breweries, sugar refineries and stables, for com¬ 
bating parasites in both plants and animals, in 
agriculture and gardening for the partial sterili¬ 
sation of soils, particularly for the intensive 
cultivation of tomatoes and cucumbers, and for 
many similar purposes. Its use in food pre¬ 
servation has been almost universally pro¬ 
hibited, but it is valuable in the preservation of 
anatomical and histological specimens and 
for fixing bacterial growths in gelatine. 

On account of its ability to render gelatine and 
glue permanently insoluble, formaldehyde is 
used in the textile and paper industries for the 
waterproofing of fabrics and the fixing of glues 
and sizes, also in photography. An important 
application of formaldehyde in the textile in¬ 
dustry is for increasing the fastness of dyes 
towards washing. Its hardening effect on pro¬ 
teins is utilised in the tanning of leather and 
treatment of silk. Viscose silk fibres were at 
one time hardened and thus strengthened by 
means of formaldehyde (Sthenosising). 

H. M. S. 

FORMALIN.^' (v. Vol. IV, 26c). 

FORMALS (v. Vol. I, 34a). 

FORMAMIDE, HCO NMg, is obtained by 
the action of ammonia or urea and/or heat on 
ammonium formate or by the action of ammonia 
on formic alkyl esters (B.P. 476942). It is also 
formed by the interaction of carbon monoxide 
and ammonia in ultra-violet light, in an electric 
discharge, or even in presence of an alkali 
alkoxide (U.S.P. 1787483). Laboratory pre¬ 
parations of formamide have been reviewed by 
Magill (Ind. Eng. Chem. 1934, 26, 611). 

Formamide is a hygroscopic liquid, m.p. -f 4°, 
b.p. 105-106°/10 mm. It may be dehydrated to 
hydrocyanic acid and readily hydrolysed by 
alkali into formates and ammonia. Replace¬ 
ment of the amido-hydrogen atoms may be 
effected to give simple metallic derivatives, but 
direct action of alkali metals affords derivatives 
of diformamide (HCOlgNH (Rakshit, J.C.S., 
1913,108, 1657). 

Formamide has been examined as a fertiliser 
(Rehling and Taylor, J. Amer. Soc. Agron. 1937, 
29, 134) and compares favourably with am¬ 
monium salts and urea (Brown and Reid, Soil 
Sci. 1937, 48, 341). 

FORMAMIDINE, NHrCH NHj, is ob¬ 
tained from the hydrochloride of formimide or 
from dichloromethylformamidine by treating 
with absolute alcohol (Gautier, Ann. Chim. Pliys. 
1869, [iv], 17, 133), or by the action of ammonia 
on formimino ethers. Only salts of formamidine 
are known, e.gr. the hydrochloride, CH^NgjHCI, 
m.p. 81®, as the free base decomposes into its 
formates and ammonia when liberated from its 
salts. The salts themselves decompose on slight 
heating, e.g. formamidine hydrochloride yimds 
hydrocyanic acid and ammonium chloride above 
100 ®. 

FORMAMINE *’ (v. Vol. I, 326a). 

** FORMAN A name applied to chloromethyl 
menthyl ether, CioHig-O CHgCI, formed by the 
action of formaldehyde on menthol in the 
presence of hydrogen chloride. A colourless 
fuming oil, b.p. 160-162®/16 mm. (Wedeland, 
Ber, 1901,84, 813). Employed in medicine in 
catarrhous affections of the air passages. 
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FORMANILIDE, HCO NH CeH^, m.p. 
46°, ia obtained by heating aniline with formic 
acid or esters thereof (Hartogs, Hollemann and 
van der Linden, Ber. 1911, 44, 715), with oxalic 
acid, etc. The imino hydrogen atom is replace¬ 
able by sodium, mercury and other metals 
(Comstock, ibid. 1890, 23, 2274). Halogenation 
with alkali hypohalogenite gives N-halogeno- 
formanilides, but nuclear halogeno-, nitro- and 
other substitution products may be obtained by 
direct substitution. Formanilide is converted 
by hydrochloric acid at 100° into N:N'-diphenyl- 
formamidine, a compound used in the prepara¬ 
tion of cyanine dyestuffs such as Astraphloxine. 

FORMIC ACID, (HCOOH), was dis¬ 
covered in 1760 by Key, who obtained it by 
distilling red ants with water. It occurs in 
stinging nettles, in many fluids of animal origin 
such as sweat, urine and muscular plasma, and 
among the prpducts of the bacterial oxidation 
of polyhydric alcohols and of .carbohydrates. 
It is formed in the dry distillation of starch, 
sugar, gum, tartaric and oxalic acids, etc. It 
may be prepared by dissolving acetylene in 
fuming sulphuric acid, diluting with water, and 
boiling with baryta, the soluble barium formate 
remains in solution. It is best made in the 
laboratory by heating a mixture of crystallised 
oxalic acid with anhydrous glycerol (or other 
polyhydric alcohol of high boiling-point). The 
reaction begins at about 80° and carbon dioxide 
is evolved. The temperature is maintained at 
105-110° until the gas evolution slackens, when 
a fresh quantity of oxalic acid is added and the 
process repeated. 

The interpretation of the reaction usually 
accepted is as follows: The oxalic acid decom¬ 
poses into water, carbon dioxide and formic acid 
which reacts with the glycerol, forming mono- 
formin (HCO*OC 3 H 5 (OH)a); on ad(Btion of 
more crystallised oxabc acid, the water of 
crystallisation hydrolyses the monoformin to 
glycerol and formic acid, which distils over. 
Monoformin is thus continually formed and 
hydrolysed with the eventual production of 
formic acid of from 87-88% strength (Lorin, 
Bull. Soc. chim. 1866, [ii], 6, 7; 1873, [ii], 20, 
241; 1875, [ill, 24, 22, 436). 

According to Chattaway (J.C.S., 1914, 105, 151 ; 
1915, 107, 407), glyceryl oxalate and glyceryl 
acid oxalate are the first products of the 
reaction. The latter is unstable at a slightly I 
higher temperature and decomposes, giving | 
carbon dioxide and monoformin. The further 
addition of oxalic acid displaces formic acid 
from the monoformin. i 

Formic acid is now made industrially by direct 
s^thesis from steam and carbon monoxide with 
the aid of a suitable catalyst. The types of! 
catalyst which may be used are as follows: ! 

(1) Free halogens or hydrogen halides with a ^ 

carrier such as activated charcoal. | 

(2) BLalides, especially iodides, of many bi-; 

valent metals. 

(3) Non-volatile acidic oxides or the acid salts 

of these with the alkaline earth metals. 

The reaction is usually carved out at tempera¬ 
tures of the order of 200-300°C., but the pres¬ 
sures employed vary within wide limits up 


to as much as 2,000 atm. For details of the 
process, see E. I. Du Pont de Nemours & Co., 
B.P. 406344, 406345; II.S.P. 1949825, 2001659, 
2023003; Fawcett, Gibson and I.C.I., Ltd., 
B.P. 447492; Dreyfus, U.S.P. 2028764,2028765; 
see also A. L. Andrikides, Dissertation, Leipzig, 
1931. 

Formic acid is also obtainabJo by the hydro- 
I generation of carbon dioxide in the presence of an 
amine and a catalyst. “ Raney nickel,” at 80°C., 
or sheet brass, at 250°C., may be used. Below 
100°C. the reaction results in the amine salt, 
above this temperature the amide is formed. 
(Farlow and Adkins, J. Amer. Chem. Soc. 1935, 
57, 2222). Formic esters, which have recently 
become available by synthetic methods (t>. 
infra), are a further potential source of the acid. 

Until recently the formates (?;. infra) were the 
starting point for the manufacture of formic 
acid. It may be obtained from these by treat¬ 
ment with mineral acids under suitable con¬ 
ditions. Thus, sulphuric acid may bo used if 
the formic acid is continuously removed by 
entrainment in the vapour of some volatile 
hydrocarbon (Schering-Kahlbaum A.-G., G.P. 
583764); see also Chem. Zentr. 1912,1, 1266; II, 
163. Alternatively, formates may be treated in 
vacuo with acids or acid salts (Hempcl, B.P. 3428, 
1908) or distilled with nitric acid (R. Koepp & 
Co., Oestrieh, Rheingau, G.P. 288266; Gewerk- 
schaft Victor, G.P. 592054; 602999; 607379; 
Amer. Chem. Abstr. 1934, 28, 2728; 1935, 29, 
818, 1835). By heating in a still 1 part of 
sodium formate with 2 parts of sodium hydrogen 
sulphate or other acid salt, acid from 97 to 98% 
is obtained (Chem. Fabr. Griinau Landshoff and 
Me 3 ^er A.-G., B.P. 14438,1906). A concentrated 
acid is also obtained by treating alkali formates 
in solution in concentrated formic acid with diy 
hydrogen chloride, adding more formate to take 
up the excess of hjrirochloric acid, and distilling 
(R. Koepp & Co., Chem. Fabr. A.-G., B.P. 
414312). 

Aqueous formic acid may be concentrated by 
distillation in the presence of a high boiling 
organic base which gives acid or neutral formates. 
Water first distils, followed by formic acid. The 
efficiency of the process is enhanced by adding 
also a hydrocarbon such os toluene or xylene to 
the mixture distilled (azeotropic distillation) 
(Ltischer and Lonza A.-G., G.P. 614860; R. 
Koepp, F.P. 778930; U.S.P. 2034332). An 
almost anhydrous acid is obtained by the 
following procedure. A mixture of technical, 
85% formic acid (1 part) with phthalic anhydride 
(3 parts) is heated to the boiling-point and the 
exothermic reaction allowed to subside. It is 
heated for a further 2 hours, then allowed to 
stand overnight and the concentrated acid dis¬ 
tilled off. Yields of 75-100% are obtained of an 
acid of freezing point 8-05°C.; 1*2198 

(Pryanishnikov and Shakhova, J. Gen. Chem. 
(U.S.S.R.), 1932, 2, 821; Amer. Chem. Abs. 
1933, 27, 2672; see also B.P. 308731). A some¬ 
what similar process has been described by 
Ritter (Ind. Eng. Chem. 1935, 27, 1224). 

Anhydrous formic acid is obtainable by the 
classical method of gently heating lead formate 
with sulphuretted hydrogen. It may also be 
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prepared by heating the dehydrated sodium salt 
with anhydrous oxalic acid, by distilling the 
ordinary acid at reduced pressure over anhydrous 
copper sulphate (Parker, J. Amer. Chem. Soc. 
1911, 46, 236) or phosphoric oxide (Jones, 
J.S.C.I. 1919, 38, 362T), or by the method of 
fractional freezing (Ewins, J.C.S. 1914,105, 352). 
It is a colourless, slightly fuming liquid with a 
penetrating odour, and is intensely corrosive. 
It has b.p. (corrected) 100*5°; 607120 mm.; 
m.p. 8*4° =1*226, d®® =1*220; = 1*3714; 

A:=2*4 X 10~* at 25°. The vapour pressure of 
the pure acid is at 10°, 19*88 mm., and at 20°, 
33*54 mm. (CoUidge, J. Amer. Chem. Soc. 1928, 
50, 2166). The heat of combustion, C^rj (iiq.) is 
61*7 kg.-cal.; Cp (vap.), 69*4 kg.-cal. It is 
miscible in all proportions with water, alcohol 
and ether. The specific gravity of its aqueous 
solution is given in the foflowing table (Richard¬ 
son and AUaire, Amer. Chem. J. 1897, 19, 150). 
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The vapour of formic acid bums with a blue 
fiame. 

Formic acid is readily decomposed catalytically 
according to one or more of the following 
equations: 

(1) H*C00H=C02-fH2; 

(2) H*COOH = CO-f HjO; 

(3) 2H*COOH = H*CHO-fCOj-fH20. 

By leading the vapour over the following heated 
substances it is decomposed in accordance with 
equation (1) at varying rates : palladium, plati¬ 
num, copper, nickel, cadmium and oxides of zinc 
and tin. Palladium sponge and platinum sponge 
bring about total decomposition at 246° and 215° 
respectively. Titanium dioxide and the blue 
oxide of tungsten favour decomposition accord¬ 
ing to equation (2). Powdered pumice, magnesia 
and wood charcoal behave similarly. With silica, 
zirconia, alumina and uranium dioxide some 
formaldehyde is formed in addition to carbon 
monoxide and water, and with thoria all three 
reactions are possible (Sabatier and Mailhc, 
Compt. rend. 1911, 152, 1212). By passing the 
vapour of formic acid over alumina at 287° a gas 
containing 92% of carbon monoxide may be 
obtained (Westcott and Engelder, J. Physical 
Chem. 1926, 80, 476). More recently Graeber 
and Cryder (Ind. Eng. Chem. 1936, 27, 828), in a 
comprehensive study of the catalytic production 
of carbon monoxide from formic acid, obtained 
96% yields of the gas using a thoria upon silica-1 
gel catalyst at 300°C. The same reaction is said 
to be catalysed by selenic acid (Dolique, Bull. 
Soc. chim. 1936, [v], 2,1489). Carbon monoxide 
is also obtained when formic acid is treated with 
cold concentrated sulphuric acid. If excess of 
formic acid is employed, evolution of the gas 
proceeds indefinitely, but at a constantly de¬ 
creasing rate owing to the diluent action of the 
water formed in thoKreaction (Schierz and Ward, 


J. Amer. Chem. Soc. 1928, 50, 3240; DeRight, 
ibid. 1933, 55, 4761). 

The photochemical decomposition of the acid 
has been studied by Gorin and Taylor (ibid. 
1934, 56, 2042). 

Detection arid Estimation .—Formic acid may 
be detected by the following reactions. With 
concentrated sulphuric acid, formic acid and the 
formates evolve carbon monoxide in the cold. 
With ferric chloride, neutral formate solutions 
give a red colour and on boiling a brown preci¬ 
pitate of basic ferric formate is thrown down. 
Formic acid and formate solutions reduce silver 
nitrate to silver. Similarly mercuric chloride 
is reduced to mercurous chloride, and, if excess 
of formic acid or formate be present, to metallic 
mercury. If a solution containing the free acid 
is digested with magnesium, formaldehyde is 
produced (Fincke, Biochem. Z. 1913, 51, 258). 
When formic acid is warmed with aqueous 
sodium bisulphite a green to blue colour is 
developed adding sodium nitroprusside (Co- 
manducci, Chem. Zentr. 1919, II, 226). For 
identification in the presence of hydrochloric 
acid by heating with chromic acid mixture, see 
Sulzer Z. angew. Chem. 1912, 25, 1273. 

Formic acid may be estimated by the method 
of Jones (J. Amer. Chem. Soc. 1895, 17, 639). 
The solution is made alkaline with sodium car¬ 
bonate, warmed, and an excess of standard 
permanganate added. The solution is acidified 
and a measured volume of standard oxalic acid 
solution is run in, until the precipitate of man¬ 
ganese hydroxide has dissolved and the per¬ 
manganate disappeared. The excess of oxalic 
acid is back titrated with permanganate (see also 
Rupp, Z. anal. Chem. 1906, 45, 687; Grossmann 
and Aufrecht, Ber. 1906, 89, 2455). Other 
methods depend upon the reduction of mercuric 
to mercurous chloride (Riesser, Z. physiol. 
Chem. 1915, 96, 355; Biochem. Z. 1923, 142, 
280), the titration of the acid with standard 
alkali or the decomposition of the acid in the 
carbonic acid apparatus with oxidising agents 
[ (Rupp, Arch. Pharm. 1905, 248, 69; Wiehe and 
Jacobs, Ind. Eng. Chem. [Anal.], 1936, 8, 44). 
It may be estimated in the presence of acetic 
acid by the method of Stainier and Massart 
(Amer. Chem. Abs. 1936, 80, 6906). The acids 
are heated with potassium iodate solution and 
after neutralisation with calcium carbonate the 
liberated iodine is titrated with standard thio¬ 
sulphate solution. For its estimation in the 
presence of lactic acid, see Jamet (ibid. 1935, 29^ 
7870), and of various other substances, see 
Fincke (Biochem. Z. 1913, 50, 263; Analyst, 
1913, 88,378). 

Formic acid is a strong reducing agent, a 
powerful antiseptic and has been used as a food 
preservative (Woodman and Burrell, Tech. 
Quart. 1908, 21,1 ; this vol, p. 305). For its use 
as a solvent for organic and inorganic substances, 
see Aschan (Chem.-Ztg. 1913, 87, 1117). It is 
used in dyeing as an assistant or reducing agent 
with potassium dichromate mordant and also in 
dyeing woollen goods or unions with acid dye¬ 
stuffs (Kapflf, J.S.C.I. 1906, 24, 129; Mettner, 
ibid. 434; and Rushy, ibid. 1907, 26, 467). 

Salts.—Industrial methods for the prepara¬ 
tion of the formates are based upon three 
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reactions: (1) The interaction of carbon mon¬ 
oxide and metallic oxides. In this method 
carbon monoxide under pressure is passed over 
metallic • oxides, basic minerals or alkali 
hydroxides, or into aqueous suspensions of 
alkaline earth hydroxides. The conditions vary 
slightly in the different processes; alkali 
formates, potassium ferrocyanide and the 
chlorides of palladium and platinum have been 
used as promoters (B.P. 4471, 1908; 13963, 
1907; F.P. 382001, 389065; U.S.P. 875065; 
G.P. 179516; J.S.CM. 1908, 27, 420, 769, 898; 
Koepp & Co., G.P. 209417, 590635, 602744; 
B.P. 416871; Chem. Zentr. 1909, 1, 1786; 
Amer. Chem. Abstr. 1934, 28, 3081; 1935, 29, 
818; I.G. Farbenind. A.-G., B.P. 413240; F.P. 
794100; Amer. Chem. Abstr. 1936, 30, 4514; 
Chem. Fabr. Kalk. G.m.b.H. and Oehme, G.P. 
622149; Amer. Chem. Abstr. 1936, 30, 1393). 

(2) The hydrolysis of the cyanides of the alkaline 
earth metals. These, on treatment with water 
vapour under pressure at temperatures below 
300°, yield ammonia and a formate (Badische 
Anilin- u. Soda-Fabrik, F.P. 372714; J.S.C.I. 
1907, 26, 967). The interaction of a solution of 
potassium ferrocyanide with caustic potash ac¬ 
cording to the following equation has also been 
patented (Haakh, G.P. 281044). 

K4Fe(CN)e+14H20 = 

4HCOJK+2HCO2NH4+4NH3+ Fe{OH)2 

(3) The reduction of carbonic acid or its salts 
with hydrogen. Rogatien (B.P. 12604, 1893 ; 
J.S.C.I. 1893, 12, 864) obtained ammonium 
formate and bicarbonate by passing moist 
nitrogen, hydrogen and carbon dioxide over 
slightly heated pumice or other absorbent bodies. 
A 100% yield of calcium formate may be 
obtained from calcium carbonate if the latter is 
heated with hydrogen under 50 atm. pressure 
and carbon dioxide (20 atm.) at 70° in the 
presence of spongy palladium for 4J hours 
(Bredig and Carter, Ber. 1914, 47, 541). The 
bicarbonates of the alkali metals and of am¬ 
monia may be reduced in aqueous solution with 
hydrogen under pressure in the presence of a 
suitable catalyst, such as palladium black (B.P. 
801,1916; 97fe, 1915), nickel upon coke (Leroux, 
U.S.P. 1996211). 

Decomposition of the Formates, —The formates 
of the alkali metals when heated alone in absence 
of air to 400° decompose, giving mainly hydrogen 
and oxalic acid; at lower temperatures car¬ 
bonates are chiefly formed. Alkaline earth 
formates give only carbonates. Under certain 
conditions some formaldehyde may be formed 
in the reaction (Hofmann and Schumpelt, Ber. 
1916, 49, 303). The pyrolysis of mixtures of 
sodium formate and sodium hydroxide has 
been studied by Balandin and Freldlin (J. Gen. 
Chem. Russ. 1936, 6 , 868). With mixtures 
containing one equivalent or more of hy¬ 
droxide to one of formate, the reaction begins* 
at 210°C, and proceeds smoothly at 260°C,; 
hydrogen is evolved and sodium carbonate pro¬ 
duced. With mixtures containing alkali in lower 
ratio, sodium oxalate is formed, but not below 
270°C. Industrial methods for the production 
of oxalates from formates depend upon the 
latter reaction (Koepp k, Co., F.P. 759253; 


Enderli and Schrodt, U.S.P. 2033097; Amer. 
Chem. Abstr. 1936, 30, 2580). 

Potassium formate, (HCOgK), and sodium 
formate, (HCOjNa), are readily soluble deli¬ 
quescent salts which, accoerding to Bineau, 
form acid salts on solution in hot concentrated 
formic acid. Calcium formate, ( H C O2)2Ca, and 
barium formate, (HC 02 ) 2 Ba, ciystallise in 
rhombic prisms, readily soluble in water, in¬ 
soluble in alcohol. Leod formate, (HC 02 ) 2 P 1 >» 
is less soluble in water than other formates, 1 
part dissolving in 63 parts of water at 16°, and is 
insoluble in alcohol; on warming the solution 
with lead oxide there is farmed a series of basic 
formates, which have an alkaline reaction and 
crystallise in needles. Copper formate, 
(HC02)2Cu,4H20, 

crystallises in light blue monoclinic prisms and 
forms basic salts (J.C.S. 1915, 107, 1281). 
Silver and mercurous formates decompose even in 
the dark; the latter deflagrates when heated 
and decomposes on percussion. Chromous 
formate, Cr(HC 02 ) 2 , 2 H 20 , forms red cubes 
(Traube and Goodson, Ber. 1916, 49, 1679). 

Formic esters.—These are now obtained, 
in a manner analogous to that used for 
the direct synthesis of formic acid and the 
formates, by the interaction of anhydrous 
alcohols with carbon monoxide under pressure. 
Thus when methyl alcohol containing sodium 
methoxide is heated to 60-66°C. with carbon 
monoxide under 60 atm. pressure for 2 hours 
and the temperature then allowed to fall, 
methyl formate is obtained in circ. 60% yield 
(Ges.'fiir Kohlentcchnik, G.P. 588763 ; 591581 ; 
695307; Amer. Chem. Abstr. 1934, 28, 2014; 
also Chr. Ammon, F.P. 776616; Amer. Chem. 
Abstr. 1936, 29, 3690). A recent method of 
preparation of the formic esters of some higher 
aliphatic alcohols consists in treating the lighter 
fractions obtained in the “ cracking ” of 
petroleum oils with formic acid containing a little 
sulphuric acid. Slow addition of formic acid to 
the olefins occurs, w ith the eventual production 
of secondary and tertiary amyl and hexyl 
formates (Sucharda and Mazonski, Przemysl 
Chem. 1933, 17, 41; Amer. Chem. Abstr. 1933, 
27, 5954). 

Methyl formate boils at 30-4°/712 mm.; sp.gr. 
0-9928. It can be made by the method described 
above or by passing the vapour of methyl 
alcohol over a dehydrogenating catalyst such as 
copper at 150-260° (Compagnie de B^thune, F.P. 
673337). It can also be prepared by acting on 
dry so^um formate with a mixture of methyl 
alcohol and aqueous hydrochloric acid, or by 
digesting methyl alcohol with concentrated 
formic acid. 

Ethyl formate, b.p. 60-4°, sp.gr. 0-9445, can 
be made by heating a mixture of 6 parts of 
alcohol (90%), 7 parts of sodium formate and 
HO parts of concentrated sulphuric acid. Other 
esters have the properties given below. Propyl, 

b.p. 81°, d^l 0-9068; allyl, b.p. 83°, 0-932; 

n-amyl, b.p. 130°, d\ 0-9018; benzyl, b.p. 
203°/747 mm.; 1-081. p-bromphenacyl (Hurd 

and Christ, J. Amer. Chem. Soc. 1936, 57, 2007), 
m.p. 140°. 
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" FORMICIN.'* Hydroxymethylacetamide, 
CHg^^CONHCHjOH. 

*'rORM/D/N.” Methylene disalicylic iodide, 

(». Vol. I, 326a). 

FORM INS. The term formin is given to 
an ester formed by the condensation of a poly- 
hydric alcohol with formic acid although its 
use is commonly restricted to derivatives of 
trihydroxy alcohols. 

I. Formins of Dihydroxy Alcohols. 

(a) Ethylene Glycol Monoformin, 
HO-CHg CHgO OCH, prepared from ethy¬ 
lene glycol and 95% formic acid (M. H. Palomaa, 
Chem. Zentr. 1913, II, 1956). It is obtained 
when ethylene diformin is boiled with an excess 
of anhydrous ethyl alcohol for 8 hours (Henry 
and Dewael, Chem. Zentr. 1902, II, 928). It 
may also be obtained together with ethylene 
diformin by boiling ethylene glycol with 75-80% 
formic acid (Henninger, Ber. 1874, 7, 263). 
The monoformin which hydrolyses in water, has 
been formed in anhydrous medium by using 
formamide acid sulphate, 

R 0 H+HC 0 NH 2 ,H 2 S 04 

= HC00R+(NH4)HS04 

(P. Magill, Ind. Eng. Chem. 1934, 26, 611). 
It is a liquid: b.p. 179-180*5°/766 mm., 
d 4 * M989 (Palomaa, l.c,). Its velocity of esteri¬ 
fication in formic acid under certain conditions 
has been determined (A. Kailan and G. Brvmner, 
Monatsh. 1929, 51, 334). 

(h) Ethylene Glycol diformin, 

HCbOCHgCH^OOCH, 

is prepared by boiling ethylene glycol with 
75-80% formic acid and treating the mixture 
of mono- and di-formins, so obtained, with 
anhydrous formic acid (Henninger, Ber. 1874, 
7, 263). It is also produced from ethylene 
glycol and an excess of formic acetic anhydride 
(a molecular mixture of acetic anhydride and 
formic acid) (B6hal, Ann. Chim. Phys. 1900, 
[vii], 20, 424). It has been obtained together 
with other products from oxalic acid and 
ethylene glycol (Lorin, Bull. Soc. chim. 1874, 
[ii], 22,104). It is a liquid, b.p. 174° (Henninger, 
lx.), 88-89°/25 mm., d® M93 (B4hal, l.c.). 

(c) Pinacone Monoformin, 

HCOOCMegCMejOH, 

is prepared from formic acetic anhydride and 
pinacone (B4hal, l.c., b.p. about 90°/20 mm.). 

II. Formins of Trihydroxy Alcohols. 

A. Glycerol Formins. 

In general the esterification of glycerol with 
formic acid gives mainly diformins and the acid 
appears to act more easily on the secondary^ 
alcoholic group since l:2-di- and 2-mono- 
formins are the esters which predominate. 

(a) Cflycerol Monoformina, HCO*OC 3 H 5 (OH)g. 

A mixture of the monoformins is pt^uc^ 
in the preparation of formic acid by heating 
glycerol with oxalic acid at 190° (ToUens and 
Henninger, BuU. Soc. chim. 1869, [ii], 11, 395, 


and is extracted from the mixed product by 
means of ether. 

(i) a-Glyceryl formate synthesised from a- 
chlorohydrin and sodium formate contains 87% 
ester, and is unstable, decomposing at 150° in 
vacuo, or suddenly below 220° yielding only 4% 
allyl alcohol (Delaby and Dubois, Bull. Soc. 
chim. 1930, [iv], 47, 565). 

(ii) j3-GIyceryl formate. —A monoformin is 

obtained ae intermediate in the formic acid 
method for the preparation of allyl alcohol 
(Organic Syntheses, 1921, 1, 15, and 1926, 6, 
103). It has the following properties: b.p. 
164-7“/10 mm.; 1-3052; 1-4614; 

I gm. mol. of ;S-formate decomposes smoothly 
at 235° to yield oxides of carbon 22*4 1., Hg, 
and saturated hydrocarbons, and 57% allyl 
alcohol partly as allyl formate. Since the a- 
ester produces only 4% allyl alcohol, it is 
assum^ that this esterification product must 
consist mainly of the )9-ester (R. Delaby and 
P. Dubois, Compt. rend. 1928, 187, 949). 

(6) Olycerol Diformins (HC0*0)2C8H5*0H. 

A diformin is obtained by heating oxalic acid 
with glycerol at 140°, extracting with ether and 
distilling under reduced pressure, b.p. 
163-166°/20-30 mm.; 1-304 (van Romburgh, 

(Compt. rend. 1881, 93, 847). It is insoluble in 
cRrbon disulphide and decomposed by water 
with the formation of glycerol and formic acid. 

In the formic acid method for the preparation 
of allyl alcohol (Organic Syntheses, 1921, 1, 15; 
1926, 6, 103) a diformin may be isolated os inter¬ 
mediate product, 6 148-9° 15 mm., 1*3209, 

1-4492 (Dalaby and Dulong, Compt. rend. 
1928,187, 768. 

Glyceryl diformate, b.p. 158-160°/!8 mm., 
may be obtained in very good yield from 
glycerol, 80% formic acid and toluene—an 
azeotropic mixture (M. A. Wahl, Bull. Soc. chim. 
1925, [iv], 37, 713). 

These diformates obtained by esterification 
probably contain a preponderance of the Ch¬ 
ester (R. Delaby and P. Dubois, Compt. rend. 
1928, 187, 949). 

(i) ay-Glyceryl diformate has been syn¬ 
thesised from l:3-dichlorohydrm, b.p. 144-6°/ 

II mm.; dj 1-3218; 1-4486. It is very 

hygroscopic, soluble in alcohol, acetone, slightly 
soluble in ether, insoluble in benzene (Delaby 
and Dubois, Compt. rend. 1928, 187, 767). 

(ii) a)3-Glyceryl diformate has also been 
synthesised from l;2-dibromohydrin, b.p. 
I 6 I -3717 mm., dj 1-3262, d" 1-3214, n" 
1-4503. It has similar solubility characteristics 
to the ay-compound (Delaby and Dubois, ibid.). 

The ay- and ajS-diformates yield 44-8 1. 
oxides of carbon and 43 and 46 g. per gm. mol. 
respectively of allyl alcohol at 256-310°. The 
velocity of esterification has been determined 
(A. Kailan and C. Brunner, Monatsh. 1929, 61, 
334). 

(c) Glycerol triformln, (HCO-0)8C,H., 
is prepared by ^repeatedly heating glycerol with 
100% formic acid, the excess acid l^ing distilled 
off each time until a rich triformin znixture is 
obtained. The viscous product is cooled in 
liquid ammonia when the triformin crystallises 
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out. Pure triformin is colourless; m.p. 18®, 
b.p. 266'’/762 mm.; »i},*°=l-4412. It is hydro- 
lysed slowly by cold, readily by hot water 
(van Eomburgh, Z. physikal, Chem. 1910, 70, 
469). 

B. dy-DlMBTHYLOLYCBEOL FORMINS. 

(a) A mixture of monO’ and di-formina may 
be prepared by refluxing dimethylglycerol for 
6 hours at 160-170° with excess 96% formic 
acid and distilling the product in vacuum, the 
fraction b.p. 151*3-153*6°/19 mm. consists 
mainly of the diformate. When the mixture is 
heated to 200° decomposition ensues leaving 
the triformin. 

(b) ay-Dimethylglycerol triformin has m.p. 
85°, b.p. 130-134°/15 mm. (Delaby and Morel, 
Bull. Soc. chim. 1926, [iv], 39, 416). 

C. a-METHYL y-ETHYL GlYCEEOL FoRMINS. 

(a) A Mixture of Formina has been isolated 

by heating methylethylglycerol with formic acid. 
On heating the product to 200° ethyl propylene 
carbinol is obtained together with a non¬ 
volatile residue of the triformin^ m.p. 94-5° 
(Delaby and Morel, l.c.). 

D. Ethylglyoeeol Formihs. 

(а) Mono- and Di-Formina are formed 
mixed with unchanged ethylglycerol when ethyl- 
glycerol is boiled with 2*5 times its weight of 
crystalline formic acid for 6 hours and distilled, 
the fraction b.p. 160-2°/15 mm. corre8j)onds to 
a diformin. At 270° it gives water, formic acid 
and a-ethylvinyl-carbinol (b.p. 114-116°) and 
A/*-penten-a-ol (b.p, 139-140°, d\ ()-804, d’® 
0-855, n},® 1-4378). 

(б) The residue from the above distillation 
solidifies at 60-61° and is the triformin derivative 
(Delaby, Compt. rend. 1923, 176, 1898), 


III. Miscellaneous Formins. j 

(а) Erythritol Tetraformin, 

C4H8(00CH)4, j 

prepared by boiling 1 part of erythritol first with j 
18 parts of formic acid of sp. gr. 1-18 and then 
with 10 parts of crystalline formic acid. Distil-1 
ling off the excess acid, heating the residue to 
200° and extracting with absolute alcohol. 
The solvent is evaporated off and the residue 
recrystallised from alcohol in colourless needles, 
m.p. 160° (Henninger, Compt. rend. 1884, 98, 
149). 

(б) Dipentaerythrltol Hexaformln, 

0[CHaC(CHjOOCH)8]„ 

prepared by refluxing dipentaer^hritol in cone, 
formic acid and fun^g off twice with formic 
acid at 120°. It is a yellow solid, m.p. 66° 
(W. Friederich and W. Brtln, Ber. 1930, 68 [Bl, 
2681). 

(c) Cellulose Formins are readily obtained 
by heating cellulose with anhydrous formic acid 
in presence of a catalyst (s.gr. ZnCl*). The sol¬ 
vents which dissolve these esters, such as 


pyridine and formic acid, are however highly in¬ 
convenient in the manufacture of films and 
fibres (B. 1931, 1087). For further information, 
aee H. Mark, “Physik und Chemie der Cellu¬ 
lose,*’ J. Sprenger, Berlin, 1932; J. T. Marsh 
and F. C. Wood, “ Chemistry of Cellulose,” 
Chapman and Hall, London, 1938. 

'^FORMOL** (V. Vol. IV, 26c). 

FORMOLITES. A term applied some¬ 
times to all formaldehyde resins but preferably 
restricted to those resins derived from hydro¬ 
carbons, e.g. in presence of sulphuric acid. Un- 
saturated and aromatic hydrocarbons react in 
this way and products obtained by reaction of 
such constituents of lubricating and other oils 
serve both to refine the oils and provide plastics 
which may be moulded (B.P. 289920; G.P. 
609305). The nature of the formolite varies from 
that of a sticky od in the case of cracked gaso¬ 
lines (Ormandy and Craven, J. Inst. Petroleum 
Tech., 1924, 10, 99) to coloured solid resins in¬ 
soluble in water such as those from naphthalene 
and anthracene (Serverin, Mon. du petrole 
Roum. 1911, 21, 22) and is strongly influenced 
by other factors such as the use of trioxy- 
methylene in place of formalin. The formolite 
reaction has been used in the quantitative deter¬ 
mination of reactive hydrocarbons in crude oils 
Nastukoff, J.C.S. 1904, 86, i, 242, 801 ; Petro¬ 
leum, 1909,4,1336,1911,7, 239; J. Russ. Phys. 
Chem. Soc. 1915, 47, 46; J. Ind. Chem. Russ. 
1926, 1, 23; cf. Hosek, Chem. Obzor. 1929, 4, 
67) and according to recent investigations 
(Nastukoff, Petroleum, 1926, 22, 1349; 1927, 
28, 1451) the determination of the so-called 
formolite number may bo modified to afford a 
measure of asphaltic, light lubricating and other 
fractions of the oil in addition to an estimate of 
the total reactive hydrocarbons. 

FORMO MONET IN v. moFlavone (this 
Vol., p. 259c). 

FORMOSANINE. The alkaloid of OwroM- 
pariaformoaana Mat8.(Raymond-Hamet, Compt. 
rend. 1936, 208, 1383). 

**F0m0SULr **F0RM0SUL G.” (t;. Vol. IV, 
148c, 149c). 

FORNITRAL*' is the name given to the di- 
formate of nitron (l;4-diphenyl-3:5-ewdo- 
anilodihydrotriazole)— 

N—C. 

I \ 

NPh NPh 

I / 

NPh-CH 

usually obtained in the form of flat needle 
crystals, m.p. 128°. Solubility in water 17%, 
and the solution is stable whilst that of nitron 
deteriorates. It may be used for the detection 
and estimation of nitric acid although it has not 
replaced nitron for this purpose. Of the more 
insoluble salts of fornitral may be mentioned: 
perchlorate (sol. 1:50,000), nitrate (1:60,000 
at 15° and 1:80,000 at 0°), while the picrate is 
even less soluble. 

1 c.c. of water containing 0-0076 mg., HNO 3 , 
gives a ppt. after 6 hours with 6-6 drops of 
a 10% solution of fornitral (Ann. Chim. Analyt. 
1921, [ii], 3, 207; Analyst, 1921,46, 385). 
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**FORTOIN,** A synonym for Methylene- 
dicotoin 

CH2(Ci4Hj^i04)2» 

formed by tbe action of formaldehyde on cotoin. 
Used in the treatment of diarrhoea. 

FORSTERITE. Mineral form of mag¬ 
nesium orthosilicate, Mg,SI 04 . 

**FOUADIN ” (v. Vol. I, 439a). 

FOULING OF SHIPS’ HULLS {v. Vol. 
Ill, 3836). 

« FOURNEAU 189 ” {v. Vol. I, 4896). 

" FOURNEAU 270, 417 ” (v. Vol. I, 489d). 

FOWLER’S SOLUTION, syn. Liquor 
Arsenicalis, B.P. A solution of potassium salts 
of arsenious acid used in medicine. It ia con¬ 
veniently prepared by neutralising with hydro¬ 
chloric acid a solution of potassium meta- 
arsenite in water (Rosenthaler, Scientia Pharm. 
1935, 6, 41). Official preparation B.P. 1932, 162. 
Morton (Quart. J. Pharm. 1933, 6, 1) concludes 
from conductivity measurements that the solu¬ 
tion is one of arsenious oxide in potassium meta- 
d/i*s0xut/0 

FOXBERRY. The fruit of Vaccinium 
vitis-idsea. It is also known as the mountain 
cranberry or cowberry, and grows w'ild in 
central Europe, northern U.S.A. and Canada. 
The fruit resembles the common cranberry but 
is smaller. 

Ystgaard (Tids. Norske Landw. 1902, 9, 125) 
records the analysis of the whole fruit as : 


SoUds. 

Protein. 

Total 

acid. 

Citric 

acid. 

15*48 

0*25 

1*92 

0*64 

Malic 

acid. 

Sugars. 

Pentosans. 

Fibre. 

0*31 

6*4 

0*59 

1*88 


Hotter (Z. landw. Versuchsw. 1906, 9, 747) 
quotes figures of a similar order and also reports 
the sugars as glucose 3-0-4-6, fructose 4 0-5*8, 
sucrose 0'4-0-8. 

Analysis of foxberry juice by Windisch and 
Schmidt (Z. Unters. Nahr.-Grenussm. 1909, 17, 
584) shows total solids 11*28, protein 0*12, 
acids (as citric) 1*92, invert sugar 6*47, sucrose 
0*48, tannin 0*19, ash 0*32%. 

The composition of the seeds of the foxberry 

JV-free 

extract 

Water. Protein. Fat. -f fibre. Ash. 

% % % % % 

5*97 23*2 30-12 38*56 2*11 

The seeds yield a drying oil having the follow¬ 
ing characteristics: 0*9301, Wjg 1*4753, 

saponification value 190*1, iodine value 169*2, 
Reichert-Meissl value 0*55, Polenske value 0*30, 
acid value 1*94, Hehner value 95*7, bromides 
(linolio and linolenic acids) 22*8% (Diedrichs, 
Z. Unters. Nahr.-Genussm. 1912, 24, 575). 

In addition to citric and malic acids the 
berries contain small proportions of glyoxylic, 
isovaleric and benzoic acids. The presence of 
a glucoside, vacciniin, C*Hii(CgHgCO)Og, is 
also recorded by Griebel (ioid.JlOlO, 19, 241). 

A. G. Po. 

FRAQARIANIN. A tannin contained in 
strawberry root, it yields on hydrolysis glucose 
and fragarin (Phipson, Chem. News, 1878, 88, 
135). 


I FRAGAROL. This name is to-day given 
to fi-naphtbyl mo butyl ether which has an 
odour somewhat resembling strawberries (genus 
Fragaria). It is a crystalline body melting at 
32-34°, and is used in traces in some types of 
Eau de Cologne and Neroli perfumes. The 
name w^as originally applied to the ethyl ether, 
which is now known as Bromelia. Both the 
ethyl and the methyl ethers of jS-naphthol are 
known as “ Nerolin,*' the former as Nerolin 
Bromelia, and the latter as Nerolin Yara Yara. 

E. J. P. 


FRANCKEITE. A complex sulphide ore 
of tin, PbgFeSngSbjSjg, containing, according 
to this formula, Sn 16*71%. It consists of 
platy, tetragonal crystals, with a perfect cleavage 
parallel to the surface of the folia, which are 
often aggregated in more or less pronounced 
radiating groups, sometimes forming spherules 
and reniform masses. It is iron-black with a 
bright metallic lustre; marks paper and is 
malleable, like graphite. The mineral occurs 
in some quantity near Chocaya and in the 
Trinacria mine at Poop6 in Bolivia, and is 
known locally as llicteria. The above formula 
written in the form 3PbSnS2+PboFeSbaSo 
brings out a relation between franckeite ana 
the allied Bolivian minerals teallite (PbSnSg) 
and cylindrite (SPbSnSo+SnFeSbgSg). An¬ 
alyses I and II by G. T. Prior, 1904 (II on less 
distinctly crystalline material with some mas¬ 
sive), HI by C. Winkler, 1893 (also germanium 
about 0*1%, and gangue 0*71%): 



I. 

II. 

III. 

Pb . 

. . 46*23 

48*02 

50^57 

Fe . 

. . 2*69 

2*74 

2*48 

Zn . 

. . 0*57 

— 

1*22 

Ag 

. . 0*97 

0*99 

n.d. 

Sn . 

. . 17*05 

13*89 

12*34 

Sb . 

. . 11*56 

13*06 

10*51 

S . 

. . 21*12 

20*82 

21*04 


100*19 

99*52 

98*97 

Sp.gr. , 

. . . 5*88 

5*92 

5*55 

L. J. S. 


FRANCOLITE (v, Vol. I, 449d). 

FRANGULA consists of the bark of 
Rhamnus frangvla Linn. (Pam. Rhamnace^), 
it contains the crystalline glycoside frangtdin 
which yields on hydrolysis rhamnose and 
frangulo - emodin (1:6:8- trihydroxy - 3-methyl- 
anthraquinone). Used as a mild purgative. 

FRANGULIN v. Feanoula. 

FRANKINCENSE, olihanum. The gum- 
resin is the dried exudated juice of several 
species of Bostvellia. 

FRANKLIN ITE. A member of the spinel 
group of minerals with the general formula 
R''0*R2'"08, where R'"-Fe, Zn, Mn, and 
R^'^—Mn. The actual composition is very 
variable; ferric oxide always predominates 
(56-67%), zinc oxide ranges from 6 to 23%, 
and manganese oxides (MnO, Mn^Og) average 
15-20%. The mineral occurs as well-developed 
crystals of octahedral habit, as rounded grains, 
and as granular masses. It is black with a sub- 
metallic lustre, much resembling magnetite in 
appearance, but is readily distinguishable from 
this in being only slightly magnetic. Sp.gr. 
5*0-5*2; hardness, 6. 
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Although known only from Franklin Furnace 
in New Jersey (hence the name), it is found there 
in considerable abundance in association with 
ores of zinc in crystalline limestone. After the 
extraction of the zinc, the residue is used in the 
manufacture of spiegeleisen. 

L. J. S. 

“ FRANKONIT " v, Eabths, Active (Vol. IV, 
248c). 

FRAXETIN, 


HO' 


P 


CO 


7:8-dihydroxy-6-methoxycoumarin, m.p. 227- 
228® (Wessely and co-workers, ^r. 1929, 62 
[B], 120; Monatsh. 1932, 60, 159) is the aglucone 
of fraxin. 

FRAXIN r. Coumarin Glycosides (V^ol. 
Ill, 413a). 

FRAXIN ELLON E {v. Vol. Ill, 602c). 

FRAXITANNIC ACID. A tannin found 
in the leaves of Fraxinu^ excelsior Linn. 

FREESTONE. An indefinite term used by 
quarrymen for a rock which admits of being 
freely worked in any direction for use as a 
building stone. Such a rock shows a uniformity 
or evenness of grain and no distinct bedding. 
Many stratified rocks may be readily sawn when 
freshly quarried, and while holding the “ quarry 
water,” but acquire considerable hardness on 
exposure to the atmosphere. Most freestones 
are either limestones or sandstones. In the 
Inferior Oolite there are certain beds known to 
geologists as the Lower and Upper Freestones, 
which are largely quarried as building stones, 
near Cheltenham. The Bath stone from the 
Great Oolite, and the Portland stone from the 
Upper Oolites, are also well-known oolitic 
freestones. The term freestone is also applied 
to many of the red Permian and Triassic sand¬ 
stones of the north-west of England, e.g, the 
St. Bees sandstone. Many of the Coal-measure 
sandstones admit of being readily cut and 
tooled, and, being without any marked tendency 
to split in definite directions, are valuable free¬ 
stones; such, for instance, are the sandstones 
of Craigleith, near Edinburgh, and of Darley 
Dale in Derbyshire. 

L. J. S. 

FREEZING OR COOLING MIX¬ 
TURES. The temperature of a substance 
may be reduced by bringing it in contact with 
other substances at a lower temperature. Such 
booling is produced by freezing mixtures of 
which the most commonly used are cryohydrates. 
The list shown in the next column is of useful 
cryohydric mixtures made from readily available 
substances. 

Temperatures down to — 160®C. may be 
obtained by passing liquid nitrc^en into pentane 
contained in a Dewar vessel. Light petroleum, 
b.p. 46®, is somewhat less satisfactory than 
pure pentane for this purpose. 

A mixture of 2 parts ether and 1 part alcohol 
may be similarly cooled to temperatures down 


to “120° without solidification, or liquid air 
may be poured directly into such a mixture 
provided great care is taken to remove all flames 
from the proximity. 


I. Aqueous Solutions. 



Grams anhy¬ 
drous salt in 
100 g. of 
water. 

Cryohydric 

Temp. 

'’C. 

Pb(N 03)2 . . 

MgS04,12H20 . 

35-2 

-27 

23*5 

-3*9 

BaCL . . . 

MnS 6 ., 7 H 20 . 

29 

47-5 

-7*8 

- 10-6 

NHXI . . . 

22-9 

-16-8 

NH.NO3 . . . 

NaCI .... 

70 

-17-3 

28-9 

“ 21*2 

MgCl2,12H„0 . 

CaCL,6H30 

26 

-33-6 

42-5 

-56 

ZnCl 2 , 4 H 20 . . 

104 

C .-62 


11 . Mixtures with Solid Carbon Dioxide. 


Substance. 

Lowest temp, 
attainable. 

“C. 

Ethylene dichloridc 

-60 

Absolute alcohol. 

—72 

Chloroform. 

—77 

Ethyl ether. 

“77 

Amyl acetate .... 

“78 

Methyl chloride .... 

“82 


Liquid air or liquid oxygen may be poured 
into a copper test tube suspended in the refrigera¬ 
tion bath, but on no account should liquid air 
or liquid oxygen come in direct contact with 
pentane (or the equivalent petroleum fraction). 
Should liquid air be used for cooling other highly 
inflammable substances such as CS 2 * the use of 
the copper test tube referred to above is essential 
if explosion risk is to be eliminated. 

FREIBERGITE {v. Vol. IV, 690c). 

FREMONTITE (v. Vol. I, 303d). 

« FRENCH CHALK ' (v. Vol. I, 162c). 

FRENCH POLISH. A solution of shellac 
in alcohol; occasionaUy containing gum elemi 
and copal. 

••FRENCH FOUORE B.” {v. Vol. IV, 6186). 

" FRESOL ” V . Creosote (Vol. Ill, 420a). 

FREUND’S ACID {AUn^s [a-] acid), 1- 
naphthylamme-3:6-di8ulphonic acid, is obtained 
by nitrating naphthalene-2:7-di8ulphonic acid 
and reducing the product with ammonium sul¬ 
phide or iron filings (Freund, G.P. 27346; cf. 
Friedl&nder and Taussig, Ber. 1897, 80, 1462) 
or by boiling l-naphthylamine-3:6:8-tri8ulphonic 
add with zinc dust and alkali (G.P. 233934). 
Freund’s acid gives 1- and other hydroxy- 
naphthalene-3:6-di8ulphonic adds when heat^ 
with causticjdkali and is used in the manufacture 
of azo-dyestufifs. 

FRIEDRICHS* EXTRACTOR (v. Vol. 
IV, 6876 ). 
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FRITILLARIA, ALKALOIDS OF. 


FRITILLARiA, ALKALOIDS OF. 

Three different species of FtitiUaria have been 
investigated: 

FritiUaria imperialis L. 

PEJ MU Willd. and its var. 

'T J PFT 1 thuTibergii* 
lAPEl [^^roylei Hook, 


Fritiliaria imperialis ; An alkaloid 
imperialine, CjgHgoO^N, was extracted I'rom 
this plant by Fragner (Ber. 1888, 21, 3284). 
Short needles, m.p. 254° (approx.); [a]D —35*4° 
(in CHCI3). The alkaloid is said to be a heart 
poison and may be related to the older alkaloid 
ttdipine, discovered by Gerard in Tulipa 
gesneriana L. 

Pel Mu. —This interesting drug finds wide 
application in Chinese medicine and is pre¬ 
scribed in fevers, coughs, dysuria, haemorrhages, 
lingering labour, rheumatism, and diseases of 
the eye. The main difiSculty is to identify its 
botanical origin and Pei Mu was indeed attri¬ 
buted to Fritiliaria roylei Hook (so-called 
Szechuan variety) by Stuart (“ Chinese Materia 
Medica,” 1911, 178) or to F. verticiUaia Willd. 
var. thunbergii Bak. (so-called Chekiang 
var.=Ta Pei) by Read and Liu (“Chinese Medi¬ 
cinal Plants,” Peiping, 1936, 3rd ed.). 

Ta Pei (Chekiang) is said to yield peimine. 
(Chi, Kao and Chang, Amer. Chem. Soc. 1936, 
58, 1306), whereas Pei Mu (Szechuan) affords 
verticive, verticilline^ peimim, peimminej friti- 
mine, and fritillarine (Chou and Chen, Amer. 
Chem. Abstr. 1932, 26, 6703; 1933, 27, 3033; 
Fukuda, Chem. Zentr. 1930, I, 988). 

From F, verticillata WiUd,, Yagi (Arch, intern. 
Pharmacodynamic, 1913, 23, 277) obtained 
fritilline and an amorphous base. 

Verticine, CigHjjOjN or Ci.HjjOjN, 
[a]J,“ -10-6°, m.p. 224-224-6'’, needles from 
EtOH. 

Verticilline, C^jHgjOjN, crystals sintering 
at 130° and melting at 148-160°, which then 
solidify and remelt at 213°. 

Fritillarine, CijHggOaN, m.p. 130-131°, 
amorphous, isolated as perchlorate. 

Peimine, CipHggOjN (?) (Chou and Chen) 
or CggHggOgN (CW ct al.), ffi.p. 223°, optically 
inactive, B*HCI, m.p. 295°; B-HBr, m.p. 
293-294°; B H 2 SO 4 , m.p. 278-280°. 

Pelminine, CigH^gOgN, [a]^ -62’5°, m.p. 
136°, needles from alcohol and light petroleum, 
B‘HCI, m.p. 295°; B'HBr, m.p. 292°. 

Fritimlne, CggHegOgNj, [a]p -60°, m.p. 
167°, colourless plates from EtOH or acetone, 
B HCI, m.p. 230°. 

Fritilline, C25H4i03N,Ha0, m.p. 214°. 

For pharmacology of the fritillary bases, see 
Narumi (Amer. Chem. Abstr. 1935, 29, 8132; 
1936, 80, 7211) and Chen, et al. {ibid, 1936, 29, 
4084). 

Schl. 

FROTH FLOTATION {v, Vol. Ill, 486c). 

FRUCTOSE (v, Vol. II, 286a). 

FRUCT08IDASE (v. Vol. IV, 3135). 

FRUHLING'S EXTRACTOR (r. Vol.IV, 
581d). 

" FUADIN V. Catkchol (Vol. II, 432d). 


FUCHSISENECIONINE, 

an alkaloid of Senecio Fuchsii, 

FUCITOL, C 8 H 14 O 5 , is the pentahydroxy 
alcohol derived from golactomethylose (fuoose), 
the pentose obtained from Fucus vesicidosus. 
The dextro, Isevo and racemic isomers are all 
known. 

d-Fucitol [Fucitol], 

H H OH 

CHMe(OH)(!:—C— (!:—CH,-OH 

OH ih H 

may be prepared by reducing /-fucose [fucose] 
with 2*5% sodium amalgum in dilute sulphuric 
acid (Voto 6 ek and Potm^il, Ber. 1913, 46, 
3666, also Chem. Zentr. 1916, I. 605). It 

crystallises from alcohol in white silvery leaflets, 
m.p. 163-154°, [o]” +4-7° (-3991 g. fucitol in 
13 c.c. of 10 % aqueous borax solution). 

1-Fuel to I [Rhodeitol], 

OH OH H 

CHMe(OH)-C—d—d—CH.OH 

I I i 

H H OH 

may be prepared by reducing d-fucose 

[rhodeose] with sodium amalgam in weak 
alkaline solution (not exceeding i% NaOH) 
(Voto 6 ek and Bulff, Chem. Zentr. 1906,1, 1818). 
White plates, m.p. 153‘6°. Distils without de¬ 
composition. Easily soluble in water, insoluble 
in alcohol, [a]^ -“4-6° in 10% borax solution. 

It is not oxidised by sorbose bacteria, but 
has been oxidised with Acetobacter suboxydans 
(M. Hann, E. Tilden and C. Hudson, J. Amer. 
Chem. Soc. 1938, 60, 1201). 

dZ-Fucitol [racemic rhodeitol; racemic 
fucitol] is prepared by reduction of dLfucose 
with sodium amalgum (Votodek and Bulff, 

l, c.). It may also be obtained from equal 
quantities of fucitol and rhodeitol in alcohol 
(Voto 6 ek and Potme§il, l,c.). 

It forms white plates, m.p. 168-170°, distils 
without decomposition, is soluble in water, and 
insoluble in alcohol. 

Trityl Fucitol has been prepared by 
dissolving fucitol in dry pyridine and ^ding the 
calculated quantity of CICPhj. The trityl 
derivative is precipitated with water after a 
few days, m.p. 138-142°, [a]p —6 0° (F. Valentin, 
Coll. Czech. Chem. Comm. 1931, 8 , 499). 

FUCOSE {v, Vol. II, 287c). 

FUCOSOL. A mixture of furfurol and 
methyl furfurol derived from the pentoses of 
certain algse by distillation with dilute sulphuric 
acid. 

FUCOSTEROL {v, Vol. 1,199c). 

FUCOXANTHIN (see Ca]M)tbnoids). The 
carotenoid pigment of brown seaweed (Fucus 
vesiculosua) was isolated W partition and 
chromato^aphio methods. It separatee from 
ether—flight petroleum in brown red prisme, 

m. p. 16€P«167°, analysis indicating the formula 
C 4 gH 00 Oj. Whereas the living 

contains p-carotene and fucoxanthin, the dead 
material contains ] 8 -carotene and zeaxantidn* 



FUEL. 
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No trace of the last pigment could be found in 
the fresh algae; it is therefore suggested that a 
post-mortem transformation, fucoxanthin zea- 
xanthin occurs. 

The carotenoid contains four hydroxyl groups 
(Zerevitinov), but the function of the remaining 
two oxygen atoms has not been established. 
Oxidation of fucoxanthin gives dimethylmalonic 
acid and 4->5 mol. of acetic acid. Catalytic 
hydrogenation of the pigment yields a colourless 
substance C 40 H 78 O 2 , m.p. 63-64°, which does 
not give a coloration with tetranitromethane. 
Fucoxanthin gives a royal blue coloration with 
hydrochloric acid and a blue coloration with 
antimony trichloride (Karrer et al.y Helv. Chim. 
Acta, 1931, 14, 614; Heilbron and Phipers, 
Biochera. J. 1936, 29, 1369). 

I. M. H. and F. S. S. 

FUEL. This term includes all combustible 
substances obtainable in bulk which may be 
burned by means of atmospheric air in such a 
manner as to render the heat evolved capable 
of being economically applied to domestic and 
industrial purposes. Fuels may be divided into 

(а) naturally-occurring or primary fuels, and 

( б ) secondary or prepared fuels derived from (a), 
both groups containing solid, liquid and gaseous 
members. The general relationships between 
the primary and secondary fuels are shown in 
Table I. 

Table I. 


Primary 

Secondary fuels. 

fuels. 

Solid. 

Liquid. 

Gaseous. 

Wood . . 

Peat . 

Charcoal. 

Peat-charcl, 


Producer- 

gas. 

Lignite 

Briquettes. 

Lignite tars. 

Producer- 

gas. 

Coal . 

Semi-coke. 

Motor spirit. 



Coke. 

Tars and 
oils. 

Town - gas, 
coke -oven 
gas, pro¬ 
ducer- gas, 
water -gas, 
blast-fur¬ 
nace gas. 

Anthracite 

Oil, shale . 
Petroleum 

Briquettes 

Shale oil. 
Motor spirit. 
Kerosene. 
Diesel oil. 
Fuel oil. 

Producer- 

gas. 

Natural gas 


Compression- 

gasoline. 

Synthetic 

fuels. 

Compressed 

butane, 

etc. 


The economic importance of a fuel depends 
upon (i) its geographical distribution; (ii) its 
cost of production, transport and storage in 
bulk; (iii) the total amount of heat obtainable 
by burning unit weight of it and (iv) the 
rapidity, ^ciency and smokelessness of its 
combustion with atmospheric air. Of the 
natural fuels, coal is the most important, for 
despite the probability that there is more com¬ 
bustible matter in the peat deposits than in all 
the known coal-fields of the world and admitting 
the marked inferiority of coal to petroleum in 
calorific value, no other fuel combines so many 


economic advantages. Thus, in 1935, the 
approximate quantities of the most important 
fuels produced were: bituminous coal and an¬ 
thracite 1,126, lignite 201 and crude petroleum 
235 milb'on metric ions respectively. 

The calorific value of a fuel is expressed as the 
number of parts by weight of water which may 
be heated through one thermometric degree by 
the complete combustion of unit weight (unit 
volume in the case of gases) of the fuel under 
such conditions that the whole of the heat is 
transferred to the water, and that the products 
leave the system at atmospheric temperature 
and pressure. The metric unit of heat adopted 
for technical purposes is the kilogram-centigrade 
unit (K.C.U.) or the quantity of heat required to 
raise the temperature of 1 kg. of water through 
1 °C. in the neighbourhood of 15°C., while the 
British Thermal Unit (B.Th.U.) is the amount 
of heat required to raise the temperature of 1 lb. 
of water through 1°F. in the neighbourhood of 
60°F. Thus, 1 K.C.U.-3-968 B.Th.U., 1 

B.Th.U.-0-252 K.C.U., and 1 K.C.U. per kilo 
— 1-8 B.Th.U. per lb. In dealing with gases, 
the calorific values of wliich are expressed on a 
volumetric basis, it is necessary to specify the 
conditions of temperature and pressure under 
which the unit volume is assumed to be 
measured. For scientific purposes, these con¬ 
ditions are 0°C. and 760 mm.: in British 
technical practice, the standard is 60°F., and 
30 in. mercury, the gas being saturated with 
water vapour. For purposes of calculation it is 
often more convenient to express the calorific 
value of a gas as K.C.U. per g. mol. 
( — 22*418 litres at 0°C. and 760 mm.) than in the 
more usual forms of K.C.U. per cu.m, or 
B.Th.U. per cu. ft. In such a case, x K.C.U. per 
g. mol.=46*68a: K.C.U. per cu.m, at 0 °C. and 
760 mm., or 5 02 x B.Th.U. per cu. ft. at 0 °C. 
and 760 mm. 

Seeing that all fuels contain hydrogen, a 
distinction is sometimes drawn between the 
gross and net calorific values, the former implying 
that all the products of combustion have been 
cooled to atmospheric temperature (15°C.), while 
the latter takes account of the fact that in 
practice it is not feasible to cool the products 
I sufficiently to condense the steam produced on 
I combustion, consequently neither the latent 
I heat of condensation of the steam nor the 
I sensible heat in the water between the tempera¬ 
ture of condensation (assumed to be 100 °C.) and 
room temperature can be considered as con¬ 
tributing to the calorific value of the fuel. A 
deduction of 11*196 K.C.U. per g. mol. of steam 
produced on combustion ( — 622 K.C.U. per kg. 
or 1,119*6 B.Th.U. per lb.) is therefore made. 
This deduction is, however, excessive, since the 
assumption is made that condensation would 
take place at 100 °C. and that the water would 
then be cooled to 16°C., which is inco^ect, 
since the partial pressure of the steam is below 
760 mm.; the most that can justifiably be 
allowed is the latent heat of condensation of 
steam at 16°C., namely 688*7 K.C.U. per kg. of 
water (1,059:7 B.Th.U. per lb.) or 10*6 K.C.U. 
per g. mol., and this value has been used in 
I calculating the net calorific values throughout 
: this article. 
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The calorific value of a solid or liquid fuel is 
determined by burning a known weight of it in 
oxygen at a pressure of not less than 25 atm. 
in some form of bomb calorimeter, that known 
as the Berthelot-Mahler apparatus being well 
adapted for the purpose. Jji the hands of an 
experienced worker, the method is more accurate 
than any yet devised, provided that all the 
proper corrections { e . g . for radiation and for 
the formation of nitric acid) are properly deter¬ 
mined and applied in each experiment. The 
“ water equivalent ” of the bomb and its acces- 
series may be determined by burning in it a 
known weight of compressed benzoic acid. A 
comparison between the value so obtained and 
that calculated from the known weights and 
specific heats of its separate elements serves as a 
good test of the proper heat insulation of the 
bomb in the calorimeter, which is apt at times 
to become defective. Such a comparison should 
be made frequently as a precaution against 
possible error which might otherwise escape 
detection. With ordinary care duplicate deter¬ 
minations on the same coal sample should give 
results agreeing within 60 K.C.U., and when 
special precautions are taken within 25 K.C.U. 
on about 8,000 K.C.U. per kg. 

It is evident from its construction that 
the bomb method gives the heat of combustion 
under “ constant volume ” and not under “ con - 
slant pressure ” conditions, but as the combustion 
of a bituminous or anthracite coal in oxygen is 
attended by very little change in gaseous 
volume { e , g . C9H4O-f-10O2=9COj4-3HjO) 
the difference between the two values is perhaps 
negligible in practice. Strictly speaking, how¬ 
ever, the necessary small correction ought to be 
applied to the “ l^mb ” results in deducing the 
true “ constant pressure ” value. 

The constant pressure value may be calculated 
from that at constant volume by the following 
formula: 

Q«p=Qcii~"(A n)RT. 

Qep and Qe« are the calorific values at constant 
pressure and constant volume respectively, A n 
is the increase in the number of gaseous molecules 
after the reaction; R is the gas constant 
= 1-9886 (or 2-0 with sufficient accuracy) and 
T is the absolute temperature at which the 
reaction is carried out. 

The correction amounts in the case of bitu¬ 
minous coals to about 0-8 K.C.U. per kg. 
(10-14 B.Th.U. per lb.), and hence is less than 
the experimental error inherent in the deter¬ 
mination. Though opposite in sign, it is in 
general about equal to the correction for nitric 
acid formed during combustion in the bomb. 
With fuels, such as petrol, which may contain 
about 16% of hydrogen, the correction may 
amount to about twice this value or (say) 
15 K.C.U. per kg. 

The oalorifio value of a gas is usually deter¬ 
mined by burning a measured volume at atmo¬ 
spheric pressure in a chamber surrounded by 
a system of coils or the like, through which a 
flow of water at a constant head is maintained. 
By suitable regulation of the pressure and flow 
of gas and water supplies respectively, the gas 
may be completely burned and the heat 


developed transferred substantially without loss 
to the water, the products leaving the apparatus 
at a temperature only slightly above that of 
the atmosphere. A number of forms of this 
apparatus are in use, and of recent years several 
forms of recording gas-calorimeter have been 
adopted. For further details, see Gas, Coal, 
and C. G. Hyde and F. F, Mills, “ Gas Calori¬ 
metry,” 1932. 

The heat of combustion of amorphous carbon 
is 8,080 K.C.U. per kg. when completely burned 
to the dioxide, and 2,417 when burned to the 
monoxide; recent values for a number of the 
principal constituents of gaseous fuels are given 
in Table II. 


Table IT.— C’alorific Values of Gaseous 
Fuels. 



K.C.U. per 
gram-mole¬ 
cule. 

B.Th.U. per cu. 
ft. at 0®C. and 
760 mm. 


Gross. 

Net. 

Gross. 

Net. 

Hydrogen . 

68-4 

57-8 

343-0 

289-8 

Methane 

2130 

191-8 

1067-7 

961-4 

Ethane 

3730 

341-2 

1870-5 

1711 0 

Ethylene . . ! 

336-6 

315-4 

1689-7 

1581-4 

Propylene . 

490-2 

458-4 

2457-8 

2298-4 

Acetylene . 
Carbon mon¬ 

31M 

300-5 

1559-8 

1506-9 

oxide . . 

67-6 

339-0 







The gross values for certain single liquid fuels 
inK.C,U. per kg. are 7i-hexane== 11,618, benzene^ 
10,044, toluene = 10,174, methyl alcohol=5,429, 
ethyl alcohol=7,149. An increase of >CH 2 in 
ascending an homologous series of hydrocarbons 
or alcohols corresponds to an increase of approxi¬ 
mately 158 K.C.U. in the gross heat of com¬ 
bustion per gram-molecule. 

It is not possible to calculate accurately the 
calorific values of compound fuels such as coal 
or petroleum from their elementary compositions, 
since the heat of combustion of a compound is 
never equal to the sum of those of its elements 
taken proportionally. Numerous formulas have 
been suggested to enable the calorific value of 
coal to be calculated from either the proximate 
or ultimate analysis. One of the best known 
is that of Dulong 

Q - j ^ { 8,080C+34.460 (h - °) + 2,260S ]• 

K.C.U. per kg., where C, H, O and 8 are the 
percentages of carbon, hydrogen, oxygen and 
sulphur respectively. The assumption is made 
that the contribution of each element to the 
calorific value of the coal is that which it would 
make were it in the free state, subject to the 
qualification that the oxygen in the coal is 
assumed to be combined as water with its quota 
of hydrogen, which hydrogen is therefore con¬ 
sidered to make no contribution to the heating 
value of the coal. More recently, E. S. Gnua^ 
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and I. A. Davies (Fuel, 1933, 12, 199) have put 
forward a formula, 

Q=(3-635H+236-9){?+H-?(0+S)}, 

based on Berthier’s suggestion that the heat 
evolved by a fuel is proportional to the air 
required for combustion. 

Although the assumptions underlying these 
and similar formulae are certainly not correct, 
the results are sometimes surprisingly close to 
those determined in a bomb calorimeter, par¬ 
ticularly with coals the oxygen content of which 
does not exceed about 7*5% and where the 
carbon content is not above 92 or 93%. If the 
oxygen content much exceeds 7-5%, however, 
agreement between the “ bomb ” and calculated 
calorific values is likely to be poor. Unfor¬ 
tunately, no definite correlation appears to exist 
between oxygen-content and formula-error, 
either in magnitude or in sign. 

On the other hand, since the properties of a 
gaseous mixture are additive in respect of its 
constituents, the heats of combustion of gaseous 
fuels can be calculated with a reasonable degree 
of accuracy (1 or 2%) provided the relative pro¬ 
portions of the combustible gases, their nature and 
calorific values are accurately knoum. These 
requirements are most satisfactorily fulfilled by 
gases of which the combustible constituents are 
only hydrogen, carbon monoxide and methane 
(water-gas, producer-gas and blast-furnace gas). 
Where, however, there are appreciable propor¬ 
tions of heavy hydrocarbons absorbable by 
bromine (coal-gas, carburetted water-gas and 
oil-gas), uncertainty is introduced as to the 
recise value which should be assumed for the 
eat of combustion of these compounds. It is 
often assumed that the heat of combustion of the 
heavy hydrocarbons is that of propylene. 
Hyde and Mills {op. cit.), however, have shown 
from the comparison of the determined and cal¬ 
culated calorific values of 34 samples of gas 
(the calorific values of which ranged from 410 to 
604 B.Th.U. per cu, ft.) that the error introduced 
by this assumption may be from -f2 to —21 
B.Th.U. per cu. ft. with an average of —11-8, 
and that, in order to equalise the calorimetric 
and calculated results, the heavy hydrocarbons 
must be assumed to have heats of combustion 
ranging from 2,286 to 3,333 B.Th.U. per cu. ft. 
at &°F. and 30 in. Hg, saturated at 60®F. The 
differences are likely to be accentuated when 
dealing with oil-gas and the gases from the 
low temperature carbonisation of coal, since 
not only are there greater relative proportions 
of unsaturated hydrocarbons higher than 
propylene, but the saturated hydrocarbons are 
mixtures of methane and higher homologues. 

The so-called “ calorific intensity ” of a fuel 
is an unscientific term, inasmuch as the highest 
temperature which a particular fuel is capable 
of producing depends entirely upon circum¬ 
stances which are to some extent indefinable 
and difficult of control. The idea that the 
calorific intensity of a fuel may be deduced by 
dividing its calorific value by the mean specific 
heat of the products is basi^ on the assump¬ 
tions (a) that the whole of the potential heat is 
instantaneously realised, and (6) that it appears 


without loss as sensible heat in the products of 
qombustion. Neither of these assumptions is 
correct; combustion takes place in stages and 
its degree of completeness depends on the tem¬ 
perature realised in the fiame (i.e. on the equili¬ 
brium constant proper to the flame tempera¬ 
ture), assuming that equilibrium has been 
reached. Furthermore, the products of com¬ 
bustion (CO 2 and water vapour) radiate heat to 
an extent depending on the temperature of the 
flame, which heat does not appear as sensible 
heat in the products. A graphical method for 
determining flame temperatures of gaseous fuels 
has been developed by A. J. V. Underwood 
“ Technical Data on Fuel,” 1935, and readers 
are referred to this for further details. The 
measurement of furnace temperatures and the 
like (Pyrometry) is, however, of great practical 
importance and many instruments have been 
devised for this purpose. 

A. Solid Fuels. 

1. Natubal Fuels. 

Coal.—All natural solid fuels have originated 
in woody tissue which consists principally of 
cellulose ^(CgHiQOs), and lignin (about 
?iC 3 jH 420 i 4 ), together with smaller proportions 
of proteins, resins, fats and waxes. The view is 
generally, though not universally, held that the 
fossil solid fuels, peat, lignite, coal and anthra¬ 
cite, represent stages in the progressive trans¬ 
formation and degradation under the combined 
influence of increasing pressure and also possibly 
of temperature, of debris derived from the 
vegetation of primeval forests and swamps. This 
process has gone on in most of the great geological 
periods, and, so far as its early stages are con¬ 
cerned, it is being repeated to-day under some¬ 
what different conditions in our modem peat¬ 
bogs and deltas, where enormous masses of 
water-logged vegetable debris are decom¬ 
posing under the influence of bacteria. A con¬ 
sideration of the geographical distribution of the 
world’s principal coal-fields shows that all the 
important fields adjacent to the North Atlantic 
and Arctic areas (which include nearly all the 
fields of North-West Europe and io the eastern 
part of North America) originated in what 
geologists call the Carboniferous Period of the 
Primary Era; what may be termed the “ Indian 
Ocean ” group of coal-fields (which include those 
of China, India, Australia and South Africa) 
originated somewhat later in the same period. 
Mesozoic coals are found in the interiors of 
North America and Asia (intra-continental 
group); while Tertiary coals are chiefly found 
in what may be term^ the Pacific borderland 
(west of North America, Japan and New Zea¬ 
land) as well as in regions bordering on the Gulf 
of Mexico and the Mediterranean. 

The great coal-fields of the Carboniferous Sys¬ 
tem lie in a broad belt, stretching round the 
world almost in a great circle, and probably 
originated in a new monster vegetation flourish¬ 
ing in a rich virgin soil, with an equable if not 
subtropical climate, and large areas of shallow 
sea to which great quantities of sediment were 
borne from rivers. According to G. Hickling, 
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thfr microscopic examination of Carboniferous 
coals has shown that they have originated pre¬ 
dominantly from wood and bark. 

Vegetable tissue has been built up in all ages, 
then as now, by the action of chlorophyll under 
the influence of sunlight, stimulated by minute 
quantities of mineral salts drawn in by the roots, 
upon atmospheric carbon dioxide and moisture. 
An action which sets up a complex series of 
chemical changes, with the intermediate for¬ 
mation of sugars and starches, ultimately result¬ 
ing in the production of celluloses and lignocellu- 
loses, as the basis of all woody tissue. 

The vegetable forms which flourished in the 
Carboniferous Period were of simpler structure, 
but of much greater size, than those which are 
predominant to-day—lopidodendrons, sigillarias. 


gigantic ferns, club mosses, horsetails and forms 
intermediate between ferns and cycads—and it 
is demonstrable that in certain cases {e.g. the 
Moira seam near Loughborough in Leicester¬ 
shire) entire beds of coal have been formed from 
the spores of such plants, which were produced 
and shed in great profusion. 

Much controversy has raged round the ques¬ 
tion whether or not coal formation has occurred 
upon the actual site of the original vegetable 
growth, and in many cases the question can be 
answered affirmatively. The necessary con¬ 
ditions would be a dense forest growth in 
swampy areas, together with such oscillations 
in level as are known to have occurred during 
the Carboniferous Period. During a period of 
subsidence, the rotting vegetable debris would 
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be overlaid by water-deposited sands and clays, 
which, on re-elevation, would provide a suitable 
soil for renewed vegetable growth. Proof of 
such conditions is afforded by the occurrence of 
“ under-clays or fireclays with fossil roots 
(stigmaria) below the coal seams in certain areas 
(e.g. the Yorkshire coal-field), and, speaking 
generally, our British coal-fields would appear to 
have been formed in situ. On the other hand, 
however, some coal-fields undoubtedly owe their 
origin to enormous masses of vegetable debris 
brought down from higher levels and deposited 
either in deltas or in hindlocked seas or lakes. 
Such fields show no fossil roots in the understrata, 
and sometimes fossil remains of aqueous and 
marine life are found immediately above and 
below the coal seams. 

Although the transformation process cannot 
be visualked in all its details, its general outline 


may be pictured as involving such successive 
stages as (i) fermentation in peat-bogs, whereby 
the less resistant parts of the vegetable tissue 
would be decomposed; (ii) progressive consoli- • 
dation and de-watering of the residue by pres¬ 
sure as it was gradually “ blanketed ” under 
accumulating newer strata; (iii) lamination 
produced by subsequent earth movements; and 
(iv) what, for want of a better word, has been 
termed “ bituminisation under the combined 
influence of increasing pressure and in a sub¬ 
ordinate degree of slowly rising temperature. * 
This latter probably did not exceed (if ever it 
approached) 200°C., except in the rare cases 
where bituminous coals have been subsequently 
subjected to such influences as igneous intrusion 
or fictional heat generated by earth movements. 
Such “ bituminisation ’’ seems to have involved 
inter eUa a loss not only of both owbon dioidde 
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and water, as the result of intra-molecular Qon- 
densations, but also of methane, as well as a 
condensation of acidic and basic intermediate 
“ humic ” bodies from lignins and proteins 
resulting ultimately in the “ coal substance of 
a matured bituminous coal. Researches now 
proceeding at the Imperial College are affording 
evidence of the potency of high pressure in 
effecting such condensations. In the course of 
all these transformations and maturing processes 
substances have been gradually formed, probably 
through intermediate bodies of a phenolic type, 
which ultimately gave rise to the coking pro¬ 
pensities of bituminous coals. 

It seems probable that during the peat-bog 
stage some portion of the fermented residue 
would be reduced to a condition of colloidal 
solution, which, on subsequent slow evaporation 
in drying, would give rise to a gel, while the 
more complex and resistant part would remain 
admixed with, or suspended in, water. Such 
supposition, which is supported by experimental 
work in the research laboratories of the Imperial 
College, might perhaps account for the alternate 
bands of bright vitreous and dull constituents 
found in many bituminous coals. However 
that may be, it is highly probable that, during 
the fermentation and maceration of the original 
debris which characterised the peat-bog stage, a 
considerable amount of segregation of the various 
molecular aggregates would take place through 
the agency of water, according to their com¬ 
plexities. Such changes would necessarily in¬ 
volve both great shrinkage in bulk and loss of 
weight in the original vegetable debris; thus it 
has been demonstrated that the existing coal¬ 
fields represent about 20-28% only of the original 
weight and one-tenth only of the bulk, of the 
original woody tissue from which they were 
formed. 

The normal outline of coal formation, so far 
as it is known to-day, may perhaps be epitomised 
in some such provisional diagram as the follow¬ 
ing: 


OUTLINE OF COAL FORMATION. 


Original Material. 

Lignocelluloses. 
Vegetable proteins. 
Resins, fats and waxes 

( 1 ) 


.} 


(a) 

Fermenlation. 
Peat bog with 
evolution of 

CH4+CO, 

+ HaO 


{h) 

Maceration, 
by water, and 
possibly also 
Segregation 
giving 

(а) colloidal 
solutions (gels), 

( б ) insoluble 
matter. 


(c) 

Transportation^ 
by water and 
redeposition 
elsewhere. 


^ Only, however, in cases where the subseQuent coal 
formation did not take place on the original site of 
growth. 


(«) 

Blanketing 
under newer strata 
and consolidation 
and de-walering 
of the mass by 
pressure. 



Earth movements 
producing 

laminated structure. 


I 

(3) 


Bituminisation. 

under influences of pressure and (subordinatoly) 
slowly rising temperature. 

(a) Progressive de-watering. 

(b) Loss of CO 2 and HgO by internal con¬ 

densations and of CH 4 . 

(c) “ Amalgamation ” of acidic and basic 

humic bodies. 

(d) Development of coking constituents from 

phenolic bodies. 

I 

w 

A nthracitisation. 

under influence of pressure and temperature 
produced by intensive earth movements. 

The continuity of the peat -> lignite coal -> 
anthracite series is supported by grapliical 
analyses of coal-composition data made both 
by 0. C. Ralston in 1915 (U.S. Bur. of Mines 
Tech. Paper No. 93), and by C. Hickling in 1926 
(J. Inst. Fuel, 1932, 5, 326). Thus, for example, 
on plotting against each other the percentages 
of carbon and oxygen in the “ dry ashless ” 
organic substance of a large number of coals of 
all tjrpes and classes, Hickling obtained the 
diagram shown in Fig. 1 , which (as he said) 
affords “ an almost complete proof of the 
view that the long range of types of normal 
fossil fuels (excluding cannels, bog-heads, etc.) 
have all been developed by the progressive 
alteration of essentially similar masses of plant 
deposit.” And further support has been forth¬ 
coming from researches at the Imperial College 
(Proc. Roy. Soc. 1935, A, 148, 492) upon the 
development of benzenoid structure in the 
peat -> coal -► anthracite series, a point which 
is further considered on p. 355d. An alternative 
to the orthodox view, based upon the examina¬ 
tion of a large number of coal-seams, has been 
advanced by McKenzie Taylor (Fuel, 1928, 
7, 66 , 127, 227). He found that under cer¬ 
tain kinds of clay-type roofs, base exchange 
has taken place between roof material and 
sodium chloride in the original vegetable 
material, whereby the alkalinity of the maturing 
coal has been preserved so that aerobic decay 
has resulted in the ultimate successive formation 
of bituminous coals and anthracites. But in the 
absence of such base exchange, acid anaerobic 
decay has resulted in the transformation of peat 
ultimately into brown coals and lignites wldch, 
under such conditions, he considers are incapable 
of further maturing to bituminous coals. Other 
investigators, while accepting the essential con¬ 
tinuity of thte peat lignite ->• coal series, have 
suggested that it does not extend to anthracites. 
However, it would be difficult to exclude certain 



Table III.— Ultimate Analyses of Typical Products in the Wood to Coal Transformation. 
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I examples in which anthracitisation of bitu* 

I minous coals has undoubtedly occurred in con¬ 
sequence of subsequent igneous intrusion or 
heat generated by intensiye earth movement. 

Although the organic substance of bituminous 
coals invariably contains small percentages of 
both nitrogen and sulphur—which presumably 
originated in vegetable proteins—its chief 
progenitors are generally regarded as celluloses 
and/or lignins; but opinion is sharply divided 
as to which of these two classes of organic 
material have been mainly responsible. Thus, 
while F. Fischer (Ges. Abhd. Kohle, 1919, 4, 
342; 1920,6,135,160,200,211,235; 1921,6,1) 
and his collaborators maintain that during the 
“ peat-bog stage ” the celluloses in the original 
vegetable debris were decomposed leaving only 
the lignin to be subsequently transformed into 
coals, Berl (J. Inst. Fuel, 1932, 6, 382) has 
argued, from his work on the “ coalification ” 
of plant products by heat under pressure, that 
while lignins may have been the chief progenitors 
of brown coals and lignites, celluloses have been 
mainly responsible for bituminous coking-coals. 
And he doubts whether bituminous coals have 
matured via brown coals and lignites, as is usually 
supposed. 

Assuming, however, the essential continuity 
of the wood -> peat -> coal -> anthracite series, 
the sequence of the various intermediate pro¬ 
ducts may be represented as follows : 

The Wood Peat Coal Anthracite 
Series. 

Woody tissue- 
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I 




CO 

r 

xzo 


I 

Peats 

(Quaternary) 

I 

i 

Earthy brown coals 
(Tertiary) 


rWater=90 
\Com bustible=10 

Woody brown 
coals 

/Water=60 to 40 
/Combustible=40 to 60 


Laminated lignites {^^bMttble=60 to 80 

rj 1 1 . 1 /Water=20 to 10 

Sub-bjtuminous coals < ^ 

I \Coal=80 to 90 


.1 

Bituminous coals 

I 

I 

Semi-bituminous coals 

1 

Anthracitic coals 


/Water=10 
/Coal=90 


From the ultimate composition of typical pro¬ 
ducts in the series shown in Table III, it will be 
seen that, generally speaking, while both the 
carbon-content and the C/H ratio increase, the 
oxygen-content and yield of volatiles at 900®C. 
diminish with the maturity of the coal- 
substance. 

Wood when dry consists chiefly of cellulose 
and from 20 to 26% of lignin together with about 
4% of sap, associated with a small amount of 
mineral ash (chiefly CaCOg and KsCOa)* 
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Recently felled timber contains a large propor¬ 
tion of water (from 26 to 60%), the percentage 
depending upon the season when the tree was 
felled and the part of the tree examined. When 
air-dried the moisture may range between 12 
and 16%; kiln-drying may reduce it to as little 
as 6%. Timber is classed as “ hard ” or ‘‘ soft ” 
wood according as it is derived from trees with 
broad leaves or conifers (narrow-leaved). As a 
fuel, wood is very combustible, and burns with a 
great amount of flame, but it suffers from the dis¬ 
advantage that the calorific value, even when 
dried, is low (from 4,710 to 5,085 K.C.U. per kg.), 
the higher values being for woods containing 
much resinous matter such as fir and pine. It is 
well adapted for domestic use and is also em¬ 
ployed for firing boilers, its low ash content 
making it a clean fuel without clinkering proper¬ 
ties. Owing to the large content of hygroscopic 
water, it is quite unsuitable for the attainment 
of high temperatures, unless it is first carbonised 
(charcoal) or gasified in a producer. On dis¬ 
tillation in closed retorts or chambers it yields 
under favourable conditions, 20-25% of char¬ 
coal, 9-13% of tar, 40-50% of pyroligneous acid 
(corresponding to 2-4% anhydrous acetic acid), 
and 22-23% of inflammable gases. The chief 
timber-producing countries are the U.S.S.R. 
with 1,566 million acres of forests, Canada with 
739 million acres, the United States with 600 
million acres; other countries with important 
timber reserves are India, Northern Rhodesia 
and Nigeria, with 180, 113 and 99 million acres 
respectively. 

According to the “ Statistical Yearbook 
(1936) ” of the World Power Conference, the 
five countries which used the greatest quantities 
of wood as fuel in 1934 were: Germany (including 
the Saar), Poland, Nigeria, Tanganyika and 
Uganda, which consumed 35-8, 13, 13*6, 20 and 
10 million cu. m. respectively. 

The rapid demolition of the world’s reserves 
is becoming a serious economic problem, and 
while it is improbable that wood will ever again 
take an important rank as a fuel, nevertheless, 
in countries which are deficient in natural sources 
of liquid fuels, efforts are being made to employ 
wood or charcoal instead of petrol to operate 
lorries. 

Peat is a widely distributed and abundant 
fuel of great future potentiality, but is as yet 
of little economic importance. It is usual to 
distinguish between bog peats to which the 
smaller forms of vegetation are the main con¬ 
tributors, and forest peats, mainly formed from 
trees. Peat-bogs are principally found in high 
latitudes; one-seventh of Ireland is covex^ 
with them, while in Great Britain about 6 
million acres are so covered to an average depth 
of about 12 ft. Extensive deposits alro occur 
in Russia, Scandinavia, northern Germany, 
Bavaria, Austria, Italy and northern France, 
as well as in Canada and Siberia. Forest 
peats, to which most Carboniferous coals may 
be referred, occur chiefly in the dense forests of 
the tropical and sub-tropical rain belts. 

Peat deposits vaiy considerably in age, the 
old^t pei^ts having a dark-brown or black colour, 
with but merest traces of the ori^nal vegetable 
structure, while the more recent vajdeties are 
VoL. V.—22 


hght-brown in colour, of spon^ texture, with 
distinct vegetable structure. They contain a 
fairly large and variable proportion (6-15% as 
a rule) of mineral matter usually of an infusible 
character, composed of sulphates and carbonates 
of calcium and magnesium, ferric oxide and 
silica. Fuchs estimates that high-moor peats 
accumulate at the rate of about 1 metre in 
1,000 years, and their age may exceed 5,000 
years. 

A well-drained peat bog contains about 90% 
of water and only 10% of combustible matter. 
Although about fiK)% of the water can be pressed 
out mechanically in the cold, the residue is a gel 
still containing as much water as combustible 
material, and it must be heated to 160-200°C. 
before the remainder of the water can be 
expressed. 

“ Air-dried ” peat still contains from 16 to 26% 
of water; its calorific value varies between about 
2,250 and 4,300 K.C.U. per kg., with an average 
of about 3,000 K.C.U. per kg. Dry ashless peat 
usually contains: 

C 50-64, H 4-7-6-8, O 28-44 and N 0-5-2-5%. 

its sulphur content being low. 

Generally speaking, the deeper the peat lies 
in a deposit the higher its carbon- and the lower 
its oxygen-contents, though there may be 
irregularities. According to Fuchs, as the peat 
matures pentosans diminish more rapidly than 
celliiloses. 

Oden and Lindberg, who analysed a large 
number of continental peats, found that their 
proximate compositions (dry) varied between the 


following limits : 

Per cent. 

Waxes and resins . . . 0*2- 3*7 

Celluloses.3'5- 9*5 

Humic and pectinic acids , 21 0-27 0 

Lignins.160-71-0 

Residues.7 6-210 


Although the use of air-dried peat as a 
domestic fuel is very ancient, progress has been 
slow and in most cases so dependent on laborious 
hand-winning methods that as yet peat has 
attained no great importance as a general fuel, 
its employment being restricted to localities 
near which it naturally occurs. Many attempts 
have been made—^notably in Germany, Sweden 
and Canada—to develop mechanical methods 
both for the excavation and spreading of peat, 
for its de-watering either by the application of 
heat and/or pressure or by electro-osmosis. But 
while mechanical excavation has met with some 
success, no processes have yet been com¬ 
mercially established for the mechanical or 
electrical de-watering of peat. The problem 
is to produce blocks of briquettes containing 
not more than from 16 to 30% of water from raw 
peat containing about 90%; this means the 
eliminatien of at least 96% of the original water- 
content, and to do so by heat alone would involve 
the combustion of more than the whole peat 
substance. 

Reliable statistics as to the utilisation of air* 
dried peat ifl various countries are difficult to 
obtain and such as are available can only be 
regarded as approximate. In Russia it may 
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possibly now amount to as much as 10 million 
tons, in Ireland to 7 million tons, in Germany to 
3 million tons and in Denmark and Sweden to 
between 1 and 3 million tons per annum. From 
1908 onwards, the Canadian Department of 
Mines has carried out extensive experiments 
on peat production and utilisation, and has 
issued several valuable Reports thereon by B. F. 
Haanel (1912 and 1914), A. von Anrep (1914) 
and a Committee in 1922 and 1926. In 1926 
the U.S. Bureau of Mines published a compre¬ 
hensive Report on the “ Commercial Utilisation 
of Peat” (Bull. No. 253), while H.M. Fuel 
Research Board has issued Reports on ” The 
Peat Resources of Ireland ” (1920), “ The 
Winning and Utilisation of Peat in Ireland ” 
(1921) and “ The Production of Air-dried Peat ” 
(1922). The Canadian Committee concluded 
(1922) that the then cost of producing a ton of 
air-dried peat fuel containing 30% of moisture, 
based on 100 working days of 10 hours each per 
annum, would be $4*48, which might possibly 
be reduced to $3*5 with a 20-hour day; the 
corresponding costs at that time in Denmark 
and Germany were estimated at less than $2*25 
per ton. By 1928 the cost in Canada is said to 
have fallen to between $2*6 and $3*0 per ton. 

In 1921 the Fuel Research Board carried out 
some carbonising tests at 820-1,000°C. on air- 
dried Turraun Irish peat containing (as charged) 
20 % of water, the results of which were published 
in Technical Paper No. 4. 

Although peat containing up to 60% of mois¬ 
ture has been gasified on a large scale in gas 
producers under ammonia-recovery conditions, 
for successful commercial working the moisture- 
content should not exceed 30%. The richness 
of the gas depends upon the moisture-content, 
but where this is not excessive, the “ total com¬ 
bustible ” in the gas may amount to between 
36 and 40%, as in the following typical example : 

COj 20 * 0 , CO 10 * 0 , H. 23*2, CH 4 4*8 and 
N, 42*0%. 

It would seem probable that a ton of dry peat 
should be capable of yielding up to 90,000 cu. ft. 
of gas of an average gross calorific value 140 
B.Th.U. per cu. ft., though part thereof would 
be required to raise steam for working the 
ammonia-recovery plant. 

With regard to power-production via gas- 
producers and internal combustion engines, trials 
made by the Canadian Department of Mines in 
1910-11 at the Fuel Testing Station, Ottawa, 
showed at full load a consumption of 1*7 lb. 
and at three-quarters load 2*1 lb. of dry peat 
per B.H.P. hour. 

At the Wiesmoor Electric Power Station in 
Ostfriesland, Germany, the capacity of which 
was increased after the war of 1914-18 to 21,000 
kw. and where the boilers, which supply steam 
to the turbo-generator, were partly coal-fired 
(30,000 tons per annum) and partly peat-fired 
60,000 tons per annum), the best Oonsumption 
obtained with air-dried peat was 4*85 lb. (2*2 kz,) 
as compared with a best consumption of 2*65 lb. 
( 1*2 kg.) of coal per kw. hour, the average peat- 
consumption being 6*6 lb. (3*0 kg.) per kw. 
hour. 

Aoomrding to information given at the World 


Power Conference in 1928, the use of specially- 
designed shaft chain-grate furnaces with air- 
blast pre-heated to 350^0. has enabled air-dried 
peat containing 35-38% of moisture to be so 
effectively burnt vinder boilers that already 
peat-fired electric power stations of a total 
capacity 612,000 kw. were either working or 
in course of erection in the U.S.S.R. Among 
these may be mentioned Shatura (115 km. from 
Moscow), with an initial capacity of 48,000, but 
designed for ultimate extension to 100,000 kw., 
Leningrad of 110,000 kw. ultimate capacity, 
Nijni Novgorod and Lyopino. In 1928 the 
total production of peat in Russia was 7 million 
tons, of which 6 i million tons were for industrial 
and 1 ^ million tons for domestic purposes. 
Indeed it has been claimed that “ the problem 
of economicaUy burning peat in the U.S.S.R. has 
been satisfactorily solved, since peat (low-grade 
fuel as it is) has been burned with as high a 
calorific efficiency as the highest grade fuel,” 
and certainly in Russia large-scale electric power 
generated from air-dried peat may be regarded 
as an established process. 

Brown Coals, Lignites and Sub-bitumin¬ 
ous Coals.—Brown coals and lignites comprise 
a large class of chiefly Tertiary coals, occurring 

(i) in what may be termed the Pacific border¬ 
lands (i.e. in America west of the Rockies, Japan, 
Australia, New Zealand and the East Indies), 

(ii) in India, Burma and Malaya, (iii) in regions 
adjacent to, and in continuation with, the Gulf 
of Mexico (t.e. Texas, Mississippi, Arkansas and 
Alabama), (iv) in regions north of the Mediter¬ 
ranean, including the Central European Plain, 
and finally (v) in a large area in the United States 
and Canada (comprising North and South 
Dakota, Montana, Wyoming, Saskatchewan 
and Alberta) in which coal-forming conditions 
prevailed during the Cretaceous Period and 
were continued in great luxuriance into the sub¬ 
sequent Tertiary Era. In the last-named area 
there are immense reserves of brown and black 
lignites in the Tertiary and of sub-bituminous 
coals in the Upper Cretaceous formations, and 
great seismic movements consequent upon the 
elevation of the Rockies after the coalfield 
was laid caused local bituminisation and even 
anthracitisation of the fields. 

Owing to their comparatively recent origin, 
brown coals and lignites are mostly found near 
(or not far from) the surface, so that they can be 
won at no g^t cost by either open workings or 
shallow mining. Moreover, they include a great 
variety of fuels which may be generally sub¬ 
divided, according to their external characters 
and maturities, into: ( 1 ) earthy brown coals, 
e,g. the Australian Morwell brown coal; (2) woody 
brown coals {e.g, the Italian Valdamo brown 
coal), which have a marked woody structure, 
as though they had never passed through any 
“ peat-bog ” stage, but had merely become 
“ fossilised ” during complete submergence under 
water; (3) laminated li^tes, maimy black in 
colour, with a conohoidal fracture which, 
though quite devoid of coking properties, never¬ 
theless (as will be shown later) are sufficiently 
matured to show the incipient formation of 
constituents which when fully developed in 
bituminous coals are mainly responsim for 



Tabus IV.— Proximate and Ultimate Compositions op Typical Brown Coals and Lignites. 
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(11) 

Malayan 

black 

lignite. 

20*0 

6-10 

o 

^ 6 

1 

1 

Cl 

cc 

w 

r-l 

sill 

19-4 1 

4-85 1 

67-45 

4-75 

1-15 

0-35 

26-30 

50-35 

0-3 

14*2 

(9) 

Btkanir, 

woody 

broiMi 

Ugnite. 

tH 

1 

72-15 

5-50 

0-50 

3-15 

18-70 

56-9 

51 

13*1 


(8) 

Harlech, 

black 

l^^te. 

1 6-9 

00 

CO 

1 

j 

cb^fHOcb 1 

1 

1 1 

; 360 

f 

t- 

rH 

Western Canadian. 

(7) 1 

Rose 
Deer, 
black 1 
Ugnite. 1 

[ 0-91 1 

1 0-6 1 

72-6 

4-2 1 

2-0 ! 
0-6 j 

20-6 ! 

I 1 

40-3 

than 0*5 

CO 

(6) 

Cardiff, 

black 

li^te. 

o 

ob 


t'- 01 

2 

.s 

16*5 

(5) 

Estevan, 

brown 

lignite. 

1 37-8 1 

o 

O Irt) Q p 

•^©6«b 

CO 01 

44-9 


15-7 

s 

g 

s 

(4) 

Saxon. 

brown 

Ugnite. 


1 11-0 

o o5 

1. 

1-09 

j 

12*9 

(3) 

Rhenish, 

earthy 

brown 

coal. 

59-1 

1 5-2 i 

66-35 

1 4*85 1 

100 { 
27-80 

to 

2*8 

11*1 j 13*7 

S' 

► 

Valdarno, 

woody 

brown 

coal. 

o 

1 

o 

7 

t- 

60*30 

5-40 

1-95 

32 35 

57-8 

1 

(1) 

Austra¬ 

lian, 

Morwell, 

earthy 

brown 

coal. 

vO 

o 

65*1 

5-0 

} 0-5 

29-4 

57*6 

c 

cS 

8 

C/H ratio. 13 0 

Coal. 

Per cent, water as received .... I 

Per cent, ash in dry coal. 

. 

uxz«o 

s * 

l- 

s * 
0 

d 

ts ■ 

p 

Per cent. Montan wax extractable from 
dry coal. 


their coking propensities. It will be seen that 
(2) is a special class, out of line with the other 
two; and there are border-line claases between 
(1) and (3). 

The raw coals contain from 60 downwards to 
20 % of water, according to their maturity, the 
expulsion of which usually causes disintegration, 
and from 0 up to about 7*5% of Mon tan wax 
(m.p. usually 78-88°) and sometimes other 
bodies of vaseline-like consistency extractable 
by boiling benzene under atmospheric pressure. 
When present in sufficient amount these useful 
incidental constituents render the dried coals 
compressible into briquettes without addition of 
any extraneous binder. Montan wax is usually 
a mixture of higher fatty acids and their esters 
with (possibly) higher hydrocarbons. Four such 
waxes extracted from German brown coals in 
the course of researches at the Imperial College 
(Proc. Roy. Soc. 1934. A, 147, 58), molted 
between 80 and 85°C., and had empirical 
formulas approximating to CnH 2 n 02 , where 
29-^2. 

Proximate and ultimate compositions of a 
scries of typical brown coals and lignites are 
given in Table IV. 

From the point of view of utilisation, brown 
coals and lignites suffer from several inherent 
disadvantages, (i) their content of water is high, 
and when dried they tend to disintegrate, giving 
much fine dust, (ii) even when dried, their 
calorific values are low (5,800-7,000 K.C.U. per 
kg. on the dry ashless coal), and (hi) owing to 
the very high yield of volatile matter, they 
burn with long smoky flames. Notwithstand¬ 
ing these disadvantages, however, brown coals 
and hgnites are successfully employed for steam 
raising, notably in Germany and Austria, while 
it may be mentioned that the electricity supply 
of the city of Melbourne is derived from the 
YaUourn (earthy brown) coal of the Latrobe 
Valley {see “ The Utilisation of Brown Coal 
in Victoria,” Empire Mining and Metallurgical 
Congress, Montreal 1927). 

W. A. Bone (Proc. Roy. Soc. 1921, A. 99, 236), 
showed that by heat treatment of dry brown 
coals and lignites at temperatures below 400°C. 
considerable condensation of their cellulosic or 
humic constituents may be effected, with 
simultaneous elimination of oxygen as oxides 
of carbon (mainly COj) and water, but without 
expulsion of either hydrogen or hydrocarbons. 
As a result of this treatment the dry ashless coal 
substance loses from 8 to 15% in weight while at 
the same time, practically the whole of the 
potential energy of the fuel is concentrated in 
the residue. 

The sub-bituminous coals form a somewhat 
ill-defined class of (chiefly) Cretaceous coals inter¬ 
mediate between the lignites and the bituminous 
coals. They usually contain from 10 to 20% 
of water and are devoid of coking properties. 
They are well matured fuels, in external appear¬ 
ance more of lignitic than bituminous type, 
but in ultimate composition they approximate 
to the lowest grade of the latter. In the dry 
ashless st^te they usually contain between 75 
and 80% of carbon, and from 10 to 20% of 
oxygen, and at 900°C. yield about 45% of 
volatiles. 
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Bituminous, seml-BItuminous and I of the world was issued by the International 


Anthracitic Coals.—The term “ bituminous ” 
is applied to a whole series of matured flaming 
coals of Carboniferous and Mesozoic origin, 
including all types of coking coals, the com¬ 
mercial importance of which exceeds that of all 
other kinds. 

They are all outwardly black in colour, with 
often a banded appearance, a laminated or 
columnar structure with a tendency to cubical 
fracture, and they usually soil the hands. 
Generally speaking, the ultimate composition 
of the dry ashless coal falls between the following 
limits: 

C 75-90, H 4-5-5-5, N 10-1 *5, S 10-2 0 and 
O 5-20%. 

The yield of volatiles at 900°C. varies between 
18 and 46%. 

The chief coal-producing countries are, and 
have been for many years, the United States, 
Great Britain and Germany, which have pro¬ 
duced upwards of C5% of the annual world 
output of black coal. Figures for 1913, 1929 
(when the peak of coal-production was reached) 
and 1935 are given in Table V. 

Table V.— World’s Production of 
Black Coal. 


Million metric tons. 



1913, 

1929. 

1935. 

United States. 

508*7 

543*6 

381*3 

Great Britain. 

287*4 

258*0 

226*5 

Germany (post- 
1919 territory, 
including the 

Saar) 

1521 

1742 

144*7 

Other coimtries . 

246*8 

327-8 

373*5 

Totals . 

1,195*0 

1,303*6 

i 1,126*0 


The average net costs of production per ton of 
commerciaUy disposable coal in Great Britain 
in 1913 and 1935 were 9s. Sjd. and 12s. llfd. 
respectively, while the amount of coal raised 
per person employed had risen from 260 to 289 
tons per annum. At the same time, the average 
consumption per head of population fell from 
89 to 72 cwt. The reduction in demands for 
British coal since 1918 is to be ascribed mainly 
to three factors: (i) reduction in foreign ex¬ 
ports (to the extent of about 33 million tons 
per annum in 1935 as compared with 1913) 
arising from the intensive development of coal¬ 
fields in continental countries which previously 
imported large quantities of coal, (ii) the ex¬ 
tensive adoption of liquid fuels by the mer¬ 
cantile marines and navies of the world and, 
(iii) progress in fuel economy the efiect of which 
probably amounts to a r^uction in internal 
demands for coal of upwards of 25 million tons 
per annum. A det^ed discussion of the 
economic aspects of the British coal industry is 
given by W. A. Bone and G. W. Himus in “ Coal, 
Its Constitution and Uses,” Longmans, 1936. 

A comprehensive report on the coal resources 


I Geological Congress in 1913, according to which 
the total probable and possible reserves of coal 
of all kinds (anthracite, bituminous coals and 
lignites) within 6,000 ft. of the surface amounted 
to 7-4 million million metric tons, or about 5,500 
times the present total annual consumption. 
Although revised estimates have since been put 
forward, notably for the reserves of China, 
which appear to have been much over-estimated, 
no comprehensive survey has since been made. 
According to the 1913 report, of the total world 
reserves, 6-76% are anthracites (mainly in 
China), 52*75% are bituminous, and 40*5% are 
sub-bituminous (lignites and Tertiary Wwn 
coals); 51*8% occur in the United States, 16*4% 
in Canada, 13*5% in China, 5*7% in the pre-1914 
German Empire, 2-6% in Great Britain, 2*3% 
in Siberia, and 21*2% in Australia. South 
America and Africa are relatively devoid of 
coalfields. 

Classification of Coal. 

For commercial purposes, coals are classified 
according to their suitability, or otherwise, for 
certain specific economic ends, e.^. steam raising, 
furnace firing, gas making, manufacture of dense 
metallurgical coke and the like. The usefulness of 
any given coal for a particular purpose depends 
principally upon (i) its yield of volatiles expelled 
at 900-1,000°C., which largely determines the 
length and character of the flame produced 
during vigorous combustion; and (ii) the 
character of the carbonaceous residue after the 
volatiles have been expelled at high temperature, 
which doubtless depends in part upon the nature 
and mode of decomposition of the “ binding ” 
constituents of the coal. For economic pur¬ 
poses, Percy proposed to class bituminous coals 
as (i) non-caking, free-burning, rich in oxygen; 
(ii) caking ; and (iii) non-caking, rich in carbon. 
Several classifications have been proposed based 
upon the ultimate composition of the dry and 
ashlesB coals. One of the most useful is that 
generally known as the Regnault-Griiner which 
is shown in a modernised form in Table VI. 
This classification has been criticised in that it is 
based largely on the oxygen-content of the coal, 
which bears all the analytical errors, and also 
that it underrates the importance of hydrogen. 
C. A. Seyler, as the result of a special study of 
the coals of South Wales, has put forward a 
chemical classification based upon the per¬ 
centages of carbon and hydrogen in the pure coal 
substance. He divides coals into five principal 
genera, according to their hydrogen contents; 
each genus is then sub-divided into a number of 
species according to the percentage of carbon. 
The classification which is detailed in Table VII 
thus really depends on two factors, namely, in 
the first place upon the hydrogen content, and 
in the second upon a C/H ratio. 

The Geological Survey of the United States, 
independently of Seyler’s work formerly also 
adopted a classifleation based upon the C/H 
ratio in the pure coal substance. Of recent 
years, however, a classification, shown in Table 
VIII, based upon the proximate analysis of the 
ashless raw coal and its physical properties, 
has been adopted. 



Tabl^ VI.— The Reonault-Gruner Classification of Coals (as Revised by W. A. Bone and G. W. Himus). 
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Character of 
carbonaceous 
residue. 

Non-coherent. 

Non-coherent. 

Very porous coke. 

Dense coke. 

Very dense coke. 

Weakly caking or 
non-coherent. 

Pulverulent. 

Per cent, fixed 
carbon. 

below 55 

55-60 

60-68 

68-74 

74-82 

80-85 

85-92 

above 92 

Per cent, 
volatiles at 
900°C. 

about 45 

40-45 

32-40 

Ol 

CO 

<i 

5 

lO 

CO 

OI 

o 

■>o 

1 

»o 

»o 

o 

Cl 

9 

10 

A 

8-15 

below 8 

Percentage composition. | 

t/i 

-f 

z 

+ 

0 

CO 


10-15 

o ; 

i 1 

” 1 

I 

about 5 0 

1 C 

*? 

about 5*6 

o 

»o 

lO 

3 

Steam raising. i 90-92 4 0-4-5 

i ; 

30-40 

u 

i 

o 

s 

JO 

2 

00 

05 

00 

1 

OO 

? 

00 

00 

92-94 

Chief uses. 

- 

1 

Reverberatory fur¬ 
naces. 

Gas making. 

Coke manufacture. 

Coke manufacture 
and steam raising. 

Steam raising. 

Domestic and central 
heating; malting 
kilns. 

Class. 

Non-caking. 

[1] Non-caking long 
flame. 

[2] Caking long 

flame. 

[3] Hard coking. 

[4] Hard coking 

short flame. 

Non-caking short 

flame. 

[1] Anthracitic non- 
caking. 

[2] Anthracites non¬ 
caking. 
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All the numerical data in the above table refer to the dry ashless coal, 






Table VII.— Seyler's Classification of Coal. 
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C. A. Seyler, “ Fuel in Science and Practice,” III, 15-26, 41-49, 79-83 (1924). 
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Table VIII.— Analytical Limits and Physical Criteria for Various Ranks of 

Coal. 

(According to the U.S. Geological Survey and Bureau of Mines.) 


Rank. 

Equivalent 

term. 

Proximate analysis on ash-free basis. 

Physical properties and 
occurrence. 

Mois¬ 

ture, 

%. 

Vola¬ 

tiles, 

Fixed 

carbon, 

%. 

Calorific 

value on ash-free 
basis. 

B.Th.U. per lb. 

A. 

Peat. 

90-80 

— 

— 

— 

Peat. 

B. 

Lignite. 

60-32 

26-30 

28-37 

6,400-8,300 

Slacks freely on weathering; non¬ 
coking ; northern part of Great 
Plains and Gulf Coastal area. 

C. 

Sub-bitu¬ 
minous. 

. 

32-12 

32-38 

36-50 

8,550-11,000 

Slacks considerably on weathering ; 
non-coking ; western states and 
possibly certain coalfields of 
Iowa, Illinois, Missouri, Western 
Kentucky and Indiana. 

D. 

Bituminous, 
low rank. 

12-5 

39-42 

49-53 

12,000-13,600 

Slight or no slacking on w^eather- 
ing; may be coking; all coal- 
bearing states except the 
Dakotas. 

E. 

Bituminous, 
high rank. 

6-35 

40-22 

55-75 

14,000-15,000 

No slacking properties; often 
coking; most abundant in Ap¬ 
palachian field, but found in 
most coal-bearing states. 

F. 

Semi-bitu¬ 
minous. 

26-23 

23-16 

74-82 

16,200-15,300 

Friable; coking; nearly smoke¬ 
less ; Central Pennsylvania ; New 
River Pocahontas field; Fort 
Smith field of Arkansas and 
Oklahoma. 

G, 

Semi¬ 

anthracite. 

Fuel ratio (F.C./V.M.) from 4«0-10 0. 

Less hard and less lustrous than 
typical anthracite; nearLykens, 
Bernice and Carbondale in Penn¬ 
sylvania ; Meadow Branch field 
of West Virginia; and Valley 
field of Virginia. 

H. 

Anthracite. 

All Pennsylvania anthracite with fuel 
ratio over 10-0. 

Pennsylvania anthracite. 

I. 

Super¬ 

anthracite. 


Resembles graphite; Rhode Island 
and Southern Massachusetts. 
Local deposits due to meta- 
morphism caused by volcanic 
dykes and sills. 


Although, as alrec^y stated, in Carboniferous 
bituminous coals the density of the coke yielded 
at 900°C. and upwards usually increases pro¬ 
gressively as the yield of volatile falls, a point 
is reached (somewhere between 16 and 18% 
volatiles) at which the coking propensities 
abruptly disappear and the coals pass into the 
non>ca]^g short-flame steam-raising class; this 
includes afi the famous ** admiralty steam-coals 
occurring in the central portion of the South 
Wales coal-field (v. infra). In the dry ashless 
state they usually contain 

C 90-92, H 4 (M'6, O 3 0-4-6, N and 8 

1 ‘ 5 % 


and yield between 15 and 20% of volatiles 
at 900°C. They are all first-class steam-raising 
coals burning well in a good draught with a 
short smokeless flame. 

There is much evidence in support of the view 
that these semi-bituminous opals have been 
formed through the action of heat, arising from 
either seismic movement or later igneous in¬ 
trusion, upon seAms that were originally 
bituminous. 

The anthracitic genus comprise coals contain¬ 
ing in the dry ashless state upwards of 92% of 
carbon, and yielding less than 16% of volatiles 
at 990® and they may be sub-divided into; 
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(i) Anthracitic ,—Hard stdam coals yielding 
at 900® between 8 and 15% of volatiles, devoid 
of caking properties and burning smokelessly 
with a short non-luminous flame. They usually 
have a low content of infusible ash. As a typical 
example, a coal from a seam in the Main CoUiery 
Company at Neath in South Wales of the 
following composition may be cited: 

C 89 05, H 3*90, N 0-40, S 100, O 5-66%. 

(ii) Anthracites are coals yielding less than 
8 % of volatiles at 900®C. In Great Britain they 
are found for the most part in the west and 
north-west border of the South Wales coal-field 
(West Glamorgan, Breconshire, Carmarthenshire 
and Pembrokeshire) over an area of 137,000 
acres, and to a small extent in certain localities 
in Scotland (Ayrshire, Linlithgow and Fife), 
where the bituminous seams have been subjected 
to intrusion of molten igneous material subse¬ 
quent to the formation of the original coal-field 
Nearly 80% of the world’s reserves of anthracites 
are said to be located in China, and there are also 
extensive fields in Russia and the United States 
(Pennsylvania). 

Anthracites are usually distinguished by their 
very low ash-content and comparative freedom 
from sulphur; owing to their cleanliness and 
smokeless combustion they are used chiefly for 
domestic heating in specially constructed closed 
stoves, for central heating furnaces, for drying 
malt, curing rubber, and other special purposes 
where a smokeless fuel of great purity is required. 
The advantages of anthracite for domestic heat¬ 
ing are more appreciated on the Continent, where 
closed slow-combustion stoves are largely used, 
than in England where the open fireplace is the 
rule. 

A typical example of a Scottish anthracite, 
from Manor Powis near Stirling, contained 
C 92-5, H 3-2, N 1-8, S 0-9, O 1-6% on the dry 
ashless coal. 

The Geoobaphical Distribution of Coal. 

British Coal-fields.—The coal-fields of 
Great Britain may be grouped into three princi¬ 
pal areas, each having distinctive features, 
namely: (a) Southern (South Wales, Forest of 
Dean, Bristol and Kent); (6) Central (Lanca¬ 
shire and North Wales; Yorkshire, Derbyshire 
and Nottinghamshire ; Leicestershire; Stafford¬ 
shire and Warwickshire); and (c) Northern 
(Durham and Northumberland, Cumberland 
and Scotland). The more important fields are 
as follows : 

(1) South Wales (Monmouth, Glamorgan, 
Carmarthen and Pembrokeshire), covering an 
area of about 1,000 square miles, of which 150 are 
under the sea, with seams from 1 to 12 ft. (average 
2*5-3-0 ft.) thick, and yielding all classes of coal, 
namely, bituminous (31%), steam coals (47%), 
and anthracites (22%). The Carboniferous 
strata lie in an elongat^ basin which is almost 
completely surrounded by older formations, and 
complicated towards the south by an anticlinal 
fold running east and west. The basin is much 
faulted, and the rivers have cut a series of deep 
vallevs along which the coal seams crop out. 
Speaking generally, and for corresponding 


depths below the surface, there is a gradual 
transition in the character of the coal from the 
coking varieties in the east and south-east, 
through the first-class steam coals of the centre, 
to the semi-anthracites and anthracites in the 
west and north-west. The supposition that the 
anthracitisation has been due to prior bituminous 
seams having been subjected to heat generated 
by an increasing earth pressure has been ques¬ 
tioned by Strahan and Pollard, “ Memoirs of 
the Geological Survey,” 1908, who, from the 
fact that the ash-content of the anthracites is 
invariably much lower than that of the bitu¬ 
minous seams which are their continuation, 
suggested that the difference between the two 
classes of coal may be due to some original 
disparity in the vegetable debris from which they 
have been derived, but no proof of it has yet 
I been forthcoming and, taken as a whole, chemical 
evidence is against it. In the eastern and 
south-eastern sections of the field, the upper 
and middle parts of the measures are chiefly 
worked, yieling good coking and bituminous 
coals; in the central sections, the middle parts 
of the measures (the Pennant Series) pre¬ 
ponderate, whilst in the extreme west the seams 
occur in lower parts of the measures only. The 
percentage composition of the more important 
classes of coals usually falls within the following 
limits: 


Limiting Compositions of the More 
Important Classes of South Wales Coals. 


Class. 


H. 

O. 

and 

N. 

S. 

Ash. 

Vola¬ 

tiles. 

Antlira- 

91 0- 

30- 

1-9- 

0-7- 

0-7- 

50- 

cites. 

930 

3-7 

3 5 

10 

1*7 

60 

Steam . 

85 0- 

40- 

3-5- 

0-7- 

20- 

70- 

1 

900 

4-7 

4 5 

1-5 

3-3 

20 0 

Bitu¬ 
minous 1 
(coking). 

800- 

950 

5 0- 
5-5 




20*0- 
25 0 


The estimated reserves amount altogether 
to 26,900 million tons, of which 6,310 million 
tons are anthracite and 3,936 miUion tons semi- 
bituminous steam coals. In good years the pro¬ 
duction of the field has exceeded 50 million tons, 
but in 1933 it was only 33} million tons. 

(2) Forest of Dean .—A small field (34 sq. 
miles) forming a complete basin between the 
Wye and Severn valleys, and containing thirty- 
one seams, of which only sixteen exceed 1 ft. 
in thickness. It is usually regarded as an 
outlier of the South Wales coal-field. The total 
thickness of the measures is 2,765 ft., and they 
are completely girdled by older formations. 
The coals resemble in character those found in 
the eastern section of the South Wales field; 
the upper and middle parts of the measures 
yield excellent gas and house coals, whilst the 
lower parts which, however, are difficult to 
work owing to accumulations of water therein, 
contain good steam coals. The total estimated 
reserves in the field are 258 million tons, and the 
annual production since 1918 has varied usually 
between 1 and 1‘5 million tons, the maximum 
having been 1*438 million tons in 1923. 
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(3) Bristol (Somerset and Gloucester).—The 
coal-fields of this region form a number of basins 
of varying areas, the edges and outlines of 
which are masked by newer rocks, so that there 
are five or six detached exposed fields, in all 
about 2690 sq. miles, and a considerable inter¬ 
vening area of concealed coal-fields. The mea¬ 
sures are divided into upper and lower portions 
by a sandstone bed, some 2,000-2,500 ft. in 
thickness, known as the Pennant Rock, which, 
although it contains locally some thin coal 
seams, is practically unproductive. The upper 
parts of the measures (the Radstock and Far¬ 
rington Series) yield bituminous house and gas 
.coals; the lower part (Kingswood and Vobster 
Series) yield both house and coking coals. The 
combined annual outputs of the various fields 
is comparatively small, and is almost all con¬ 
sumed locally. The Kingswood Great Vein coal 
contains: 

Moisture 1*6, ash 41, C 81*8, H 4-7, N 1-4, 
S 0-9 and O 6-6%. 

The estimated reserves amount to 4,198 million 
tons, and since 1918 the annual production has 
varied usually between 1*0 and 1‘5 million tons, 
the maximum being in 1920. 

(4) East Kent .—A concealed coal-field near 
the East Kent coast, now known to have an area 
of 206 sq. miles (namely 150 on land and 56 
under the sea), was first proved in 1886 by an 
experimental boring at Shakespeare’s Cliff, 
Dover, where coal measures were encountered at 
1,100 ft. below the surface. It is generally 
(considered as a westward prolongation of the 
coalfields in Belgium and Northern France, and to 
have originated contemporaneously with those 
of South Wales, Gloucester and Somerset. The 
Kent coal measures, of which between 4,700 and 
4,000 ft. have been proved, consist of greyish 
sandstones, shales and fireclays with numerous 
coal seams. The coal measures lie concealed 
below chalk and other Upper Cretaceous for¬ 
mations between which and the Palaeozoic floor 
a wedge of Lower Cretaceous and Jurassic rocks 
has (so to speak) been introduced in a south-west 
to north-east direction. The coals, which are all 
bituminous and similar to those of Somerset¬ 
shire, are being worked at the Tilraanstone and 
Snowdown collieries, and at the latter have the 
following proximate compositions: moisture 
0-8-1-7, ash 2-5-7-5, fixed carbon 63-75, 
sulphur 1-0-1-3, volatiles 21-28%. At Tilman- 
stone, the raw coal from the “ Five-Foot 
Seam ” contains about 1% of moisture and 
about 6% of ash, and the dry ashless coal 
contains: C 860, H 5-0, N 1 -2, S 2-4 and O 
6-4% with C/H 17-0. It has been estimated 
that t^e total reserves exceed 2,000 million tons, 
and in 1933 the output was 1-928 million tons. 

(5) Staffordshire, divided into (a) North 
Staffordshire (100 sq. miles), and (h) South 
Staffordshire (160 sq. miles). In the North 
Staffordshire area the sequence of upper, middle 
and lower coal-bearing measures underlain by 
the Millstone Grit and Carboniferous Limestone 
is complete although much broken by faults. 
With the exception, however, of two seams which 
have been worked along the eastern boundary 
in the lower portions of the measures* ah the 


principal workable seams (fourteen in number) 
occur in the middle portions of the measures and 
most of them average 6 ft. in thickness. They 
yield good coking as weU as gas, house and 
furnace coals. Some of the seams are worked 
in conjunction with the Black Band ironstone 
found in the coal measures in this area. The 
reserves are estimated at 4,500 million tons, and 
the annual outputs since 1918 have usually varied 
between about 5*6 and 6-5 million tons. 

The South Staffordshire area is divided by a 
fault into a northern and a southern section. 
The northern section contains some fourteen 
workable seams in the middle portions of the 
measures; towards the south the measures 
thin out considerably and a number of the 
individual seams are found to have converged, 
finally forming the once famous Dudley Ten- 
Yard Seam. Neither Millstone Grit nor Car¬ 
boniferous Limestone occur below the coal- 
bearing measures. The coals include both gas, 
house and furnace varieties ; neither steam nor 
hard coking coals are found. In places the coals 
have been damaged by igneous intrusions such 
as that of Rowley Regis. The total reserves 
are estimated at about 1,416 million tons and 
the annual outputs since 1918 have usually varied 
between 1*4 and 2-0 million tons. 

(6) Wanuickshire ,—This coal-field comprises 
an area of about 60 sq. miles in the north and 
north-east of Warwickshire, between Tam worth, 
Nuneaton and Coventry, in which the sequence 
of the Carboniferous rocks is the same as that 
found in South Staffordshire {q.v.). The total 
thickness of the productive measures is greatest 
in the north, where also the individual seams are 
most numerous ; towards the south the measures 
get thinner and some of the separate seams con¬ 
verge to form much thicker ones, as in South 
Staffordshire. The coals are generally oxidised 
and, therefore, non-coking, with a high percent¬ 
age of volatiles. The reserves are estimated at 
about 1,125 million tons, and since 1918 the 
annual outputs have mostly varied between 4-5 
and 6-3 million tons. 

(7) Leicestershire .—The exposed coal-field in 
north-west Leicestershire covers an area of 
about 30 sq. miles, beyond and around which, 
however, the coal measures continue for another 
54 sq. miles as a concealed field under later 
Triassic rocks. Unlike the coal-bearing mea¬ 
sures in South Staffordshire and Warwickshire, 
those of Leicestershire are underlain by Mill¬ 
stone Grit and Carboniferous Limestone. The 
coals are free-burning and similar in type to 
those of Warwickshire. The estimated reserves 
are 1,826 million tons and the annual outputs 
since 1918 have usually varied between 2-0 and 
3-2 million tons. 

(8) Yorkshire, Derbyshire and Nottinghamshire. 
—This, perhaps the largest of all our British 
coalfields, comprises an area of 808 sq. miles 
of exposed and 1,328 sq. miles of concealed 
measures. The exposed measures stretch in an 
unbroken line for a distance of 65 miles from 
Leeds in the north to Nottingham in the south, 
the breadth ^being about 23 miles at its maxi¬ 
mum towards the north, and about 10 miles at 
its minimum near the southern end. Through¬ 
out the area the sequence of the Carboniferous 
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System is complete, and coals have nowhere 
bron affected by igneous intrusions. The upper 
measures have been proved in boring operations 
under the New Red Sandstone, but they are 
everywhere unproductive of coal. The chief 
workable seams nearly all belong to the middle 
parts, although one or two important seams 
occur in the lower parts of the measures. The 
coals are highly bituminous, with from 26 to 45% 
of volatiles, and, although varied in character, 
are nearly all of high-grade quality. Some of 
the best English house and gas coals, as well as 
good coking and steam coeJs, are derived from 
the different seams in this field. Speaking 
generally, most of the seams found north of 
Sheffield have marked coking properties, al¬ 
though none of the coals yields so good or hard 
a metallurgical coke as do the famous Burham 
coking coals. South of Sheffield the coking 
properties of the coals diminish, but their gas- 
ma£ing qualities improve. In the southern part 
of the field (Notts.) the seams have apparently 
been oxidised, and although the coals obtained 
from them yield a large amount of gas, they are 
non-coking. The concealed measures extend 
eastwards from the exposed measures and 
include (in Yorkshire) collieries adjacent to the 
L.N.E.R. main line between Bawtry, Doncaster 
and Selby. Full reports have been made by 
the Fuel Research Board on the “ Barnsley,” 
“ Beeston,” “ Deep Hard,” “ Parkgate ” and 
“ Silkstone ” seams in this field. 

The field is the most prolific of all British 
coal-fields, in 1929 and 1932 the outputs were 76 
and 62 million tons respectively. After satisfying 
all requirements in its own area it exports house 
coals to London, gas coals to Birmingham, coke 
and coking coals to the blast furnaces at 
Scunthorpe and Frodingham (Lines.) and steam 
coals abroad. 

(9) Lancashire .—An irregular area, much 
faulted and broken by an east to west anticline, 
extending from Burnley in the north to Ashton- 
on-Lyne on the south (with a long tongue pro¬ 
jecting southwards through Stockport to 
Macclesfield), and from Oldham in the east to 
St. Helens in the west. The total exposed area 
is about 500 sq. miles. The principal seams in 
the southern and central areas of the field are 
all found in the middle parts of the meiusures, 
the upper parts nowhere containing workable 
seams. The seams in the lower part of the 
measures become important in the northern 
districts in the neighbourhood of Accrington 
and Burnley. The coals from the seams in the 
middle parts of the measures belong almost 
exclusively to the gas-coal class and generally 
contain from 30 to 36% of volatiles. Several 
of these seams, notably the Yard Mine, Arley 
and Trencherbone, yield a fairly good coking 
coal. The famous * Mountain Mme ” seams 
occurring in the lower parts of the measures 
(Bximley and Accrington) jield coals containing 
from 26 to 27% of volatues, which pioduce a 
coke almost, if not quite, equal to the best 
Durham coke. The Fuel Research Board has 
published detailed reports on the “ Arley,” 
” Mountain Mine,” “King,” “ Ravine,” “Smith” 
and Wigan Four-Feet seams in this coal-field. 
The reserves in the exposed field have been esti¬ 


mated at 4,238 million tons and contain the 
deepest workings in Great Britain (e.g. reaching 
3,500 ft. at Pendleton Colliery, near Manchester). 
Its outputs since 1918 have varied between 13 
million and 20 million tons per annum, mostly 
for consumption within its own borders; but 
the mining industry has been depressed .sj^- 
pathetically with the cotton trade of Lancashire. 

(10) North Wales (Flintshire and Denbigh¬ 
shire).—This field (area=82 sq. miles) is simuar 
in character to the Lancashire field. All the 
workable seams, however, are in the middle 
parts of the measures. The coals are similar in 
character to those occurring in the southern and 
central portions of the field; they contain from 
33 to 35% of volatiles, and yield a fair quality 
of coke. The reserves are estimated at about 
1,760 million tons and since 1918 the annual out¬ 
puts have usually varied between 2-5 and 3*6 
million tons. 

(11) Durham and Northumberland. —In the 
great northern region of which Durham and 
Northumberland form an important part, there 
is a development of coal seams (more strongly 
marked the farther north) in the equivalent of 
the Carboniferous Limestone, a feature which 
is absent in the Midland and Southern fields. 

! The total area of the field is about 800 sq. miles. 
In the Limestone Series there are a few workable 
seams which increase in number and thickness 
from south to north, but in the main part of 
the field the coal occurs chiefly in the middle 
parts of the measures. The southern and western 
districts of Durham probably produce the finest 
coking coals in the world, yielding from 22 to 
28% of volatiles and comparatively small 
amounts of sulphur or ash. The central district 
(Sunderland to Newcastle) produces fine qualities 
of gas and house coals. The Northumberland 
seams are for the most part oxidised; they con¬ 
tain a rather large amount of moisture and are 
non-coking. They are largely used for steam 
coals, and tfiey are excellent as gas-producer 
coals. The Fuel Research Board has issued 
detailed Reports on the “ Main ” and “ Yard ” 
seams in Northumberland, and the “ Brockwell ” 
and “ Hutton ” seams in Durham. 

The area supplies coking coals and coke to 
the Tees-side and Cleveland blast furnaces and 
supports within itself great shipbuilding and 
engineering industries. It exports gas coals to 
the London gas works and steam coals abroad. 
The total reserves are estimated at 12,000 
million tons and since 1918 the annual outputs 
have usually varied between 40 and 52 million 
tons, being 52*5 million tons (maximum) in 1929 
and 40 million tons in 1932-33 (minimum), 
except for the two strike years, 1921 and 1926. 

(12) Cumberland or Whitelmven Coal-fiM. — 
The area of this field is 160 sq. miles, and the 
character of the coals is in general similar to 
those obtained from the northern districts of 
Durham. The reserves are estimated at 1,527 
million tons and the annual outputs since 1918 
have usually varied between about 1*4 and 2*4 
million tons. 

(13) Scodand. — The coal-fields of Scotland ex¬ 
tend in a relatively narrow strip from the east 
of Fife to the western sea-board at Ardrossan 
and Ayr, and occupy parts of the counties of 
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Fife, Clackmannan, East, Mid and West Lothian, 
Stirling, Lanark, Dumbarton, Renfrew and Ayr. 
In contrast with the English coal-JSelds, in which 
the workable seams occur almost entirely above 
the Millstone Grit, Scotland is the fortunate 
possessor of two coal measures, the one above 
and the other below the Grit; and, particularly 
in the East, the lower or Carboniferous Lime> 
stone measures are very productive. In Fife, 
in the small but highly mineralised Lothian area, 
and under the wide estuary of the Forth, there 
exist large resources of coal in these Limestone 
measures. A recent and authoritative estimate 
credits some of the eastern collieries with 
resources equivalent to two or three hundred 
years’ production at the present rate of output, 
and, in one favoured instance, a thousand years’ 
supply is computed to be within reach. The 
greater part of the output consists of various 
kinds of bituminous coals, the remainder being 
anthracite and oannel. Most of the bituminous 
coal is non-coking and is sold for steam raising, 
gas making, and household purposes. Valuable 
coking coals with a caking index ^ above 16, 
occur, however, in a restricted area of the Lower 
Coal Measures occupying the north-east fringe 
of the central coal-field, and extending over 
parts of the counties of Stirling, Lanark and 
Dumbarton. The resources of coking coal in 
that district are increased by the inclusion of 
coals with an index between 11 and 16 and of a 
character that makes them suitable for blending 
with the true cokers. Anthracite and semi- 
anthracite are mined chiefly in an expanse of 
the Lower Coal Measures lying to the east of 
Stirling, and a small amount of anthracitic coal 
is raised in other districts. Invariably it is 
associated in Scotland with igneous sills that 
have been injected between the coal-bearing 
rocks—intrusions that increase the difficulties 
and uncertainties of mining and not infrequently 
render the seams worthless. Good splints and 
cannels are also produced. North of the Tweed 
a splint is a hard coal which splits readily along 
the bedding planes and with difficulty in any 
other direction. It contains a considerable 
proportion of dull coal {v. p. 351a). Splints are 
perhaps the most characteristic of Scottish 
coals; they are used for steam raising, furnaces, 
bakehouses and as house coal; their calorific 
value is high, and they are robust and therefore 
satisfactory for shipment. Scotland also yields 
more varieties of cannel or parrot cool than any 
other region of these islands, if not of the 
world. Though of little present value they are 
again being sought for and tested with a view 
to utilisation for oil retorting, for which pur¬ 
pose some of them have special advantages 
in regard to the volume and quality of the oil 
they yield. Generally speaking, the bituminous 
ooaJs of Scotland are high in volatiles, high in 
moisture and low in sulphur. Of recent years, 
electric power stations in densely populated 
districts, such as the London stations, have 
become constant buyers of Scottish coal in 
order to take advantage of its twin merits 
of reasonable price and low sulphur content. 

^ The caking index is the number of grams of sand 
that can be bound by one gram of coal into a coherent 
lump containing not more than 5% of powder. 


The total reserves have been estimated as 
follows: 

Coal-field. Million tons. 

Fifeshire and Clackmannan . 4,186 

Central (including Lanarkshire) 2,604 

Ayrshire.1,082 

Midlothian.2,500 

Dumfriesshire.453 

Underseas.2,443 

Total.13,268 


Since 1918 the annual outputs have usually 
varied between about 28 and 38 million tons. 

Coal-fields of Germany (and Poland).— 
Before 1919 the principal Carboniferous coal¬ 
fields of Germany were those of (i) Upper 
Silesia, (ii) the Ruhr, and (iii) the Saar, as 
follows : (i) Upper Silesia (districts of Ratibor, 
Beuthen, Zabrze, Konigshutte, Laurahiitte 
and Pless). The Measures are 600 metres 
deep with seams 3-4 metres thick. The best 
coking coals are found near Zabrze eastwards, 
from which they gradually change into young 
gas coals near Konigshutte, and finally into 
non-coking flaming coals near Laurahiitte. 

(ii) The Ruhr basin, stretching from the neigh¬ 
bourhood of Hamm in the north-east to the Rhine 
in the south-west. The field is much broken by 
faults, and the Older Measures, which yield the 
best coking coals, are, as a rule, uppermost. The 
Middle Measures yield gas coals, and the Lower 
Measures non-coking varieties. The coals of 
the Ruhr basin contain 84-97% of organitt 
matter, of which C 83* 1-87*1 and H 6*27-5*68%. 

(iii) The Saar district. The Upper and Middle 
Measures are both thin and yield non-coking 
and flaming coals, the Lower Measures are thick, 
and yield (especially the deepest) very good 
caking and coking coals. The ash in Saar coals 
varies between 1*5 and 4*5% as a rule, occasion¬ 
ally running up to 7*7%. The carbon varies 
between 70 and 84%, and the hydrogen between 
4 6 and 5*2%. 

Coal-fields of the United States.—The 
chief coal-producing States arranged in descend¬ 
ing order of productivity are as follows : 

(1) Pennsylvania has two distinct coal-bearing 
areas, one bituminous and the other anthracitic. 
The bituminous regions in the west of the State 
contain all grades of steam, gas making and 
domestic coals. Among these, in Fayette 
County, is the Connellsville in the Pittsburgh 
bed, with an ash content less than 10% and 
volatile matter averaging 30%, while the sul¬ 
phur rarely exceeds 1%, and nitrogen averages 
1*50%. The coke from the ConnellsviDe coal 
is greatly valued as a metallurgical fuel. The 
anthracite is in the north-east of the State. 
In 1929 the production of anthracite was 
65,900,000 tons, and of bituminous coal 
128,200,000 tons. 

(2) West Virginia includes a large portion of 
the Central Appalachian region, which provides 
high-grade steam coals, some of which are suit¬ 
able tor coking. The coal beds are a continua¬ 
tion of the PHtsburgh bed in Pennsylvania in 
Brook and Fayette Counties. Analyses show 
C 74 -86, H 4 0~6*2, N 1-0-1-7, S 0-6-1-2, ash 
4*6-ll‘3%, and calorific values«13,736-15,190 
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B.Th.U. per lb. In Harrison County, still in 
the Pittsburgh bed, coal is found containing 
on an average 4% of sulphur, with volatile 
matter about 40%, and ash 9*1%. In 1929 the 
production was 123,600,000 tons. 

(3) Illinois includes the greater part of the 
eastern interior coal region, which extends from 
Rook Island and Wilmington (Ill.) in the north 
to central Kentucky in the south and from the 
Mississippi river in the west to Williamsport 
(Ind.) and Cannelton in the east. The coal is 
rather low grade and weakly coking, containing 
C 54-76, H 4*5-5*3, N 0*8-1-2, S 1 *3-4*5, 
O 12*0-18*6, ash 12*0-240%, calorific value 
=9,929-11,907 B.Th.U. per lb. The proximity 
of the field to Chicago and St. Louis enhances its 
economic importance. In 1929 the production 
was 54,200,000 tons. 

(4) Kentucky .—^The eastern part includes part 
of the Central Appalachian Coal Region {v. (2) 
West Virginia) and part of the eastern interior 
field in the west. Both the eastern and western 
regions yield good steam and coking coals, the 
eastern region being, in this respect, superior 
to the western ; the coke of the western region 
has too high a sulphur content to be of much 
use as a metallurgical fuel. In 1929 the pro¬ 
duction of Eastern Kentucky was 41,100,(MX) 
tons, and of Western Kentucky 12,900.000, or a 
total of 54,000,000 tons. 

(5) Ohio .—The coal-fields are in the eastern 
part of the State, occupying the territory between 
the shore of Lake Erie in Oeanga and Lake 
Counties south-west to Scioto and Lawrence 
Counties on the Ohio river. Approximately 
one-third of the State contains coal-bearing 
rocks. These fields occupy the western rira of 
the great Appalachian trough. This trough 
extends 850 miles south-west from Northern 
Pennsylvania to Central Alabama and has a 
maximum width of 180 miles. The Ohio fields 
contain 11 coal beds. The coals are of a good 
steam-class with high sulphur content. In 1929 
the production was 21,180,(XK) tons. 

(6) Indiana includes the eastern section of the 
eastern interior coal-field {v. (3) Illinois). Three 
kinds of coal are found: “ block,” cannel, and 
bituminous. During the period 1914-18 the 
production reached a maximum of 26,800,000 
tons, but since then it has declined until in 1929 
it became 16,380,000 tons. The coal is good for 
power production in large central power-plant, 
for railway, gas making and domestic uses. 

(7) Alabama includes the Appalachian coal 
region of which the Warrior field is the greatly 
expanded southern end, and the main pro¬ 
ductive part includes the four counties Jefferson, 
Walker, Tuscaloosa and Fayette. Its known 
area is computed at 4,000 sq. miles, while the 
probable area is believed to be greater than this. 
The Cahaba is a narrow field extending north¬ 
east to south-west, and is separated from the 
Warrior field by the Birmingham Valley. Its 
area is about 3^ sq. miles. The Coosa field is 
south-east of the Cahaba field, separated from it 
by the Cahaba Valley. The Plateau field is less 
well defined, being in part the north-westward 
continuation of the Warrior field. The entire 
area is estimated at 3,000 sq. milas. Over 99% 
of the coal mined is from the Cahaba and Warrior 


fields and serves for steam-raising, coKing, rail¬ 
ways and domestic heating. Over 85% of it is 
consumed within the State. About 35% of the 
annual output is coked in by-product ovens, the 
bulk of the coke being consumed in the blast¬ 
furnaces of the Birmingham district. In 1929 
the total production was 16,200,000 tons. 

(8) Virginia .—The Virginian coal regions are 
much scattered. They are the south-west 
Virginian fields, the Valley fields, and the 
Richmond basin. They include part of the 
Great Appalachian bituminous to serni- 
anthracito field. The beds are tilted and the 
workable area is small. The coal has long been 
mine<l. A considerable tonnage is shipped by 
water to New York and to New England ports. 
The higher grades from the south-west fields 
are much esteemed as steam coal. In 1929 the 
production was 11,390,000 tons. 

(9) Colorado .—This is the most important 
coal-producing State west of the Mississippi; 
the coal is a black lignite, which rapidly dis¬ 
integrates on exposure to air, so that it will not 
stand transport satisfactorily. In 1929 the 
production was 8,850,(XX) tons. 

(10) The Kansas and Missouri coal-fields are 
in the eastern part of the State, w hile the most 
important deposits lie on the Kansas-Missouri 
boundary. The major part of the Kansas pro¬ 
duction is used for steam raising. It is a good 
locomotive fuel and the railways are its largest 
single consumers. “ Dead coal ” mined along 
the outcrop is much in demand for zinc smelting 
because of its non-coking properties. There 
is heavy competition from natural gas, and also 
from coal from Oklahoma and Arkansas. In 
1929 the total output was 6,260,(X)0 tons. 

(11) Wyoming contains more coal than any 
other State. The coals range from low-rank 
sub-bituminous to high-rank bituminous. The 
coal formations in Wyoming are Cretaceous and 
Tertiary in age, and are usually broad synclinal 
basins lying between mountain ranges. Esti¬ 
mates by the U.S. Geological Survey sholv the 
amount of coal available as 599 million tons, an 
inexhaustible supply of low- and medium-rank 
coal. Wyoming has been a pioneer in the 
development of mechanised mining and has led 
all other States since 1928. The bulk of the coal 
is consumed by the railways, with domestic 
consumption next in importance. In 1929 the 
production was 6,985,()00 tons. 

(12) The Tennessee coal-fields are in two district 
areas, the north-eastern field and the main 
Cumberland Plateau field. In the former there 
are sharp-crested ridges reaching elevations of 
3,500 ft. above sea level. Contrasted with this, 
the Cumberland Plateau field is a broad upland 
rising to 2,000 ft. above sea level. The coal of 
the Tracy City district yiel48 good coke, while 
the Bon Air districts give excellent domestic 
and steaming grades. The greater part of the 
coal mined comes from the north-eastern field. 
In 1929 the production was 4,830,CK)0 tons. 

(13) The Arkansas and Oklahoma coal district 
is known as the Spadra. It contains the Harts- 
home seam which is of Orboniferous age. 

(14) Utah ,—Carbon Cotmty is the source of 
more than 90% of the coal mined in Utah. The 
coal is high ^ade bituminous, and is excellent 
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as a domestic and steam-raising fuel; most of it 
can be ignited with paper without wood kindling. 
The coal from Castlegate is a good coking variety. 
In 1929 the production was 4,(510,000 tons. 

(16) Iowa .—The coal-bearing beds belong to 
the Pennsylvania series of the Carboniferous 
System. The Des Moines river flows south-east 
and cuts through the coal series. Iowa coal is 
low-grade and non-coking bituminous, carrying 
considerable sulphur in the form of pyrites 
(FeSj) and gypsum. Iowa coal is used for 
locomotives, domestic purposes and power 
production. There is a good deal of competition 
from Illinois. In 1929 the production was 
3,790,000 tons. 

(16) Montana fields are distributed through 
the plains in the eastern and northern areas of 
the State, and the mountain regions in the 
central, southern and south-western parts of 
the State. Most of the Montana coal is used 
as railway fuel; some is consumed for domestic 
purposes and for smelting. The production in 
1929 was 3,040,000 tons. 

(17) Maryland .—The coal-fields lie in the 
western part of the State (Allegany and Garrett 
Counties) and are an eastern outlier of the main 
Appalachian coal-field. The major part of Mary¬ 
land production is used for steam-raising, and 
lesser quantities are consumed for domestic 
heating, smithing and the manufacture of by¬ 
product coke. There is much competition from 
Pennsylvania and West Viriginia. In 1929 the 
production was 2,368,000 tons. 

(18) Washington .—The coal districts are 
generally west of the Cascade Mountains. The 
mines are on the foothills of the slope and reach 
out to Puget Sound in the central and northern 
sections. The amount of alteration a coal has 
undergone seems to be roughly proportional to 
its distance from the Cascade Mountains. The 
sub-bituminous coals of Bucoda, Tono, Mendota, 
and Castle Rock, occur in a region of low relief, 
in which the Eocene coal has been but slightly 
disturbed. The railways absorb the largest out¬ 
put of coal, and next the domestic consumers, 
public utilities and cement mills. In 1929 the 
production was 2,262,000 tons. 

(19) New Mexico coal is of Cretaceous age, and 
situated in Colfax, McKinley, Rio Arriba, 
Sandobal, San Juan, San Miguel, Santa Fe, and 
Socorro Counties. In 1929 the production was 
2,340,000 tons. 

(20) Texas coal is bituminous and lignitic, and 
is situated as follows: The bituminous coal is 
mined in Medina and Robertson Counties, while 
the lignite is taken from Houston, Milaru and 
Wood Counties. The lignites will not stand 
handling and are briquetted. In 1929 the pro¬ 
duction was 983,000 tons. 

In comparing American with European coal¬ 
mining conditions and outputs, it shoidd always 
be home in mind that generally speaking Ameri¬ 
can Carboniferous coal seams are much thicker 
and nearer the surface than the corresponding 
seams in Great Britain and Western Europe. 

Thk Chbmical Composition and Constitution 
op Coal. 

Prom what is known of their origin und mode 
of fomatioh it may be anticipated that all coals. 


whatever their geological age, will contain 
(1) various combustible organic compounds, 
complex in structure and of high molecular 
weight, representing the degradation or trans¬ 
formation products of the vegetable debris from 
which they were derived; and (2) variable 
amounts of mineral matter, which give rise to the 
ash remaining when the coal is burnt, and 
which represent partly the small amount of 
mineral matter in the original vegetation or the 
soil in which it grew, and partly also other 
fissociated mineral matters either deposited 
contemporaneously with the coal-field or subse¬ 
quently introduced by infiltration. 

The various organic bodies which together 
form what is sometimes termed the coal-sub¬ 
stance ” all consist chiefly of the elements carbon, 
hydrogen, oxygen, nitrogen and sulphur, the 
relative proportions of which may be determined 
with considerable accuracy by the usual methods 
employed for the analysis of organic compounds. 
But the ascertainment of the nature of the 
various complexes which make up the coal-sub¬ 
stance, and still more so of the relative pro¬ 
portions in which they are present in any 
particular coal, is a problem beset with diflS- 
culties. 

Coal, when freshly mined, often contains 
much water (“ pit water ”) and some occluded 
gas. Most of the water is lost on air-drying, 
the moisture-content of the air-dried coal de¬ 
pending on the nature of the coal itself and also 
on the hygrometric state of the atmosphere. 
The remainder of the water is completely lost 
when the finely divided coal is maintained for a 
short time at 105®C. The occluded gas may 
be withdrawn by continuous exhaustion of the 
finely divided coal either at the ordinary tem¬ 
perature or at 100®C. From a Durham coal, 
P. Bedson obtained 1-6 c.c. of gas per g., having 
a composition: CO2 4‘35, C2H^ 6-65, CH4 
7115, O2 2*80, Nj 15 05%. From a Lancashire 
coal (Lower Mountain Mine), R. V. Wheeler 
obtained 1-376 c.c. of gas per g., containing 
NHj 0-5, HjS 0-6, C2H4 0-4, CO 21, CjH, 
8-10, CH4 80-35, O2 0-4 and 7-66%. More 
recently, F. Fischer, K. Peters and A. Wamecke 
(Brennstoff-Chem. 1932, 13, 209) have drawn 
attention to the fact that the nitrogen contained 
in the gas from blowers and fire-damp may con¬ 
tain twice as much helium as is contained in 
atmospheric nitrogen. They suggest that such 
helium has a fossil ” origin and that the 
helium content of the gases may provide a means 
of determining the absolute age of coal. 

The mineral matter in coal varies greatly in 
amount, composition and fusibility. It occurs 
in two distinct forms, one finely divided and 
more or less uniformly distributed through the 
coal substance (“ inherent ” or “ intrinsic ” 
mineral matter), the other segregated in bands 
or lumps (“ extrinsic ” mineral matter) and 
usually consists of shale (sp.gr. 2-5), together 
with some pyrites (sp.gr. 5-0), gypsum (sp.gr. 
2-3), calcite (sp.gr, 2-7) and siderite (sp.gr. 3*8). 
If unduly great in amount, easily fusible, or 
highly p3nritic, the mineral matter may affect 
detrimentally the commercial value of the coal. 
The intrinsic mineral matter originated in the 
inorganic salts essential to plant life which 
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formed part of the parent vegetation, in salts 
concentrated by absorption and adsorption in 
the plant substance, and in dust brought down 
by wind and rain. Such mineral matter, by 
reason of its fine state of division and its intimate 
association with the coal substance, is not re¬ 
ducible in amount by the ordinary methods of 
cleaning. The extrinsic mineral matter (dirt) 
represents either sedimentary matter which was 
deposited contemporaneously with the coal-field, 
and which forms partings between the various 
seams, or mineral salts {e.g. pyrites, FeSj, 
gypsum, CaS 04 , 2 H 20 , carbonates of lime, iron 
and magnesia) which may have been introduced 
by infiltration of various solutions after the 
vegetable matter was laid down. Such dirt is 
capable of being removed (to some extent) by 
hand picking or by mechanical cleaning. 

The ash which remains when coal is burned is 
generally leas in quantity and is qualitatively 
different from the mineral matter from which it 
is derived. Hydrated constituents such as shale 
and gypsum lose water, carbonates are decom¬ 
posed, sulphide of iron is converted more or less 
completely into ferric oxide, while inter¬ 
actions may occur between the inorganic 
materials and the coal substance, resulting for 
example in the fixation of part of the organic 
sulphur in the residue. The limits of com¬ 
position which may be expected in the ash 
from British coals are approximately: SIOj 
25-50, AljOa 20-40, FejOg 0-30, CaO 1-10, 
MgO 0-5-5 0, TiO, 0-3 0, alkalies 1-6, SO, 
1 -11%. A fusible ferruginous ash is a constant 
and prolific source of clinkering troubles in 
furnaces and gas-producers. The melting-point 
of coal ash may vary between 1,000 and 1,600®C. 
(or even higher) according to its chemical com¬ 
position and the conditions of heating; generally 
the melting-point is sensibly higher in an 
oxidising than in a reducing atmosphere, and 
usually rises as the relative molecular propor¬ 
tions of basic oxide to silica diminishes. 

For purposes of comparison and classifi¬ 
cation of coals it is usual to disregard the 
variable proportions of mineral matter as well 
as of mechanically held water which they 
may contain, and to fix attention upon the 
character of the “ coal-substance ” itself. The 
coal substance, although always containing the 
same elements, carbon, hydrogen, nitrogen, 
sulphur and oxygen, is in reality a very com¬ 
plex material the constitution of which is only 
partly determined. The ultimate analysis of a 
coal consists in determining the percentages of 
elementary carbon, hydrogen, nitrogen and sul¬ 
phur in a suitably prepared dry sample; the 
difference between the sum of these percentages 
plus the percentage of ash and 100 is usually 
returned as oxygen, apart from that in the 
associated mineral matter. The oxygen figure 
so deduced is, therefore, subject to whatever 
balance of error there may be in the total of the 
estimation of the other constituents, and, 
especially if the percentage of ash differs 
materially from the original mineral content of 
the coal, this error may be appreoiahle. Deter¬ 
mination of carbon mid hydrogen is carried out 
by combustion of j&om 0-2 to 0*3 g. of dried coal 
in an atmosphere of oxygen ip a hard glass or 


silica tube, the products being passed over 
moderately heated lead chromate, which retains 
oxides of sulphur, and then over a heated 
silver spiral, after which the water and carbon 
dioxide are absorbed in dehydrated calcium 
chloride and soda-lime respectively. 

Nitrogen is always present in coal, generally 
to the extent of between 1 and 2%. It is 
an important constituent, since it is the source 
of the ammonia obtained when the coal is 
carbonised. While, doubtless, the bulk of the 
nitrogen originates from the protein matter 
present in the parent vegetable matter, it has 
been suggested by H. Strache, H. Zikes and G. 
Polcich (Brennstofif-Chem. 1923, 4 , 244, 245) 
that part may result from the fixation by 
nitrogen-fixing bacteria of nitrogen adsorbed 
by colloidal humic acid. C. W. Shaddock and 
T. Drakeley (J.S.C.I. 1927, 46 , 478T) have 
shown that part of the nitrogenous constituents 
in coal is extractable by dilute sulphuric acid, 
the relative proportion so extracted decreasing 
with increasing maturity of the fuel. The 
nitrogen compounds in the extracts were 
identified as amides, diamino- and mono-amino 
acids. Determination of nitrogen is usually 
carried out by the well-known Kjeldahl process. 

Sulphur is a highly undesirable constituent 
whether coal is to be burned in the raw state, 
carbonised or completely gasified. It is present 
chiefly in three forms, namely, as iron pyrites, 
sulphate of calcium (generally gypsum) and in 
organic combination. The sulphate stdphur is 
generally present to the extent of under 0-1%, 
though it may rise to 1% or over in weathered 
coals, and for this reason it is of less moment 
than either the sulphide or the organic sulphur. 
Although the sulphur is partly expelled (chiefly 
as HjS, CSg and thiophen) on carbonisation, 
the greater part is usually retained in the coke. 
Sulphur is usually determined by the Eschka 
process, in which the finely-^ound coal is 
intimately mixed with magnesium oxide and 
sodium carbonate and incinerated; the sulphur 
compounds in the solid residue are converted into 
sulphates by oxidation with bromine water, and 
the extracted sulphates are determined in the 
usual manner as BaSO^ {v. Vol. II, 6036), 

Researches on the constitution of coal have 
followed two main lines of attack: (a) micro¬ 
scopic, from the point of view of its palsso- 
botany and petrology; and (6) chemical, by 
studying (i) the thermal decomposition of the 
coal substance, (ii) its extraction with solvents, 
and (iii) its degradation by controlled attack 
by chemical reagents followed by examination 
of the products. While some progress has 
been made, it must be confessed that less is 
known of the chemical nature of coal than of 
almost any important natural raw material. 

(a) Microscopic Examinaiion, — Bituminous 
coals are usually composed of more or less pro¬ 
nounced “ bright ” and “ dull bands or layers, 
while between them there is an amorphous 
powdery substance which is known as mineral 
charcoal,” ” mother of *coal ” or somerimes 
“ dant,” the French name for which is “ fusain.” 
In 1919 M. C. Stopes (Proc. Roy. Soc. 1919, B, 
90 , 470) d^ignated four visible ingredients of 
banded bituminous coal, namely,^ vitmifit 
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clairain, durain and fusain. The first two com- 
prise bHffht coal, the third dtdl coal, and the 
fourth the mineral charcoal, Vitrain was 
described as being “ a coherent and uniform 
whole, brilliantly glossy, indeed, vitreous in its 
structure ”; dairain as ha'ving “ a definite and 
smooth surface when broken at right angles to 
the bedding plane, and these faces have a pro¬ 
nounced gloss or shine ”; durain as being 
“ hard, with a close, firm texture, which appears 
rather granular to the naked eye ”; and 
fusain as occurring “ chiefly as patches and 
wedges ” and consisting of “ powdery, readily 
detachable, somewhat fibrous strands.” 

In a later paper (Fuel, 1936, 14 , 4), Stopes 
has produced a comprehensive scheme of classifi¬ 
cation of coal ingredients in which the lithological 
types (vitrain, fusain, dairain and durain) are 
correlated with the petrological units of which 
they are composed. 

Various suggestions have been put forward 
as to the origin of the bands in bituminous coal. 
Thus, D. White (Econ. Geol. 1933, 28, 656) sup¬ 
poses that vitrain was formed from woody 
tissues deposited in stagnant water rendered 
low in oxygen-content and toxic to aerobic 
microbial action by the concentration of products 
of decay; much of the readily decomposable 
plant matter would so escape destruction and 
be preserved. Clairain would be formed under 
less protected conditions which still caused some 
retardation of decay. Further initial decom¬ 
position with consequent concentration of the 
more resistant plant remains, as well as the 
possible accumulation of fine drifted material 
would yield durain. Fusain is considered to 
have b^n formed by change of water-level with 
exposure of already humified material, which 
suffered partial decomposition leaving lignified 
cell walls cemented by a ” humic paste.” When 
carpeting successive laminae in large numbers, 
fusain probably records seasonal exposure. 
G. Hicklhig (Presidential Address, Brit. Assoc. 
Sect. 0,1935) points out that each separate band 
or lenticle of vitrain may be regarded as repre¬ 
senting a single fragment of wood, bark or other 
plant tissue, since improvement in microscopic 
technique has shown that the “ uniform brown 
substance,” formerly regarded as structureless 
and typical of vitrain, has generally been resolved 
into recognisable plant structures. Clairain 
consists of similar plant fragments which are 
individually too small to be ^tinguished with¬ 
out the microscope, mixed with more minute 
plant debris such as spores, isolated cuticles emd 
other matter. He points out that fusain is 
usually woody tissue, clearly identical originally 
with much of that which has been converted 
into the uniform brown substance (the 
” vitrinite ” of Stopes), but devoid of any 
organic substance in its cell cavities, and on 
account of its jporous nature, often the receptacle 
for much of the mineral matter which has been 
deposited in the coal from solution, and oonse- 
quentty a high carrier of ash. Chemically, it is 
usually low in its content of hydrogen and 
oxygen and correspondingly high in carbon. 
Dui^ consists of a matrix of minutely 
macerated fragments containing a proportion of 
very fiimly fragmmited “residuttm” (the 


” micronite ” of Stopes) which cannot be 
resolved under the microscope. Set in this 
matrix there are often seen large numbers of 
cuticles, spores (mega- and micro-spores), frag¬ 
ments of cuticle and sometimes resinous 
patches. The spores and cuticles are relatively 
\maffected by chemical attack and hence have 
been described by R. V. Wheeler as “ resistant 
plant remains.” So resistant are the spores, that 
A. Raistrick (Trans. Inst. Min. Eng. 1933, 85 , 
225; ibid. 1934, 88, 142) has shown that the 
microspores may be separated from the coal 
substance and the assemblage of types from any 
seam may be employed as a means of correlating 
occurrences of the seam which, by reason of 
faulting, folding or extensive ” wash-outs ” 
cannot be continuously followed over a con¬ 
siderable area. 

(5) (i) Thermal Decomposition of the Coal- 
Substance. —^The gradual thermal decomposition 
of the coal-substance at temperatures up to 
1,000*^0. or thereabouts has been studied by 
various investigators; but although much in¬ 
formation of immediate value to the technologist 
has resulted, the method is too brutal for 
chemists primarily concerned with constitutional 
problems. Yet something may be learned from 
its results, especially those from immature brown 
coals, for although the temperature at which oils 
first appear is higher than that at which gas 
evolution commences, it is usually possible to 
distinguish three successive and independent 
effects of heat involving the expulsion (1) of 
carbon dioxide {plus some monoxide) and steam, 
as if by some internal ” condensation,” without 
any breakdown of the essential molecular struc¬ 
ture ; (2) of methane and other hydrocarbons, 
as if by the elimination of aliphatic side-chains 
from the coal complex (oils also appearing); and 
lastly (3) of hydrogen and carbon monoxide. 
And although such effects indicate three suc¬ 
cessive and independent changes, they more or 
less overlap and occur simultaneously over a 
considerable range of temperature. 

” Oil Point."" —There is usually a definite tem¬ 
perature, situated between 260® and 376®C. at 
atmospheric pressure, but varying with different 
coals below which temperature the reaction is 
substantially the expulsion of steam and oxides 
of carbon (chiefly the dioxide) from the main 
organic substance. Then comes a temperature, 
fairly definite in each particular case, at which 
oil fimt appears. Whether the oil so appearing 
is merely ” liquated ” from the coal substance 
under the inffuence of heat, or should be 
regarded as a product of its decomposition, is 
perhaps a moot point, upon which the evidence 
though favouring ” liquation ” is not yet 
conclusive. 

In ceises of certain typical brown coals investi¬ 
gated at the Imperial Ck)llege research labora¬ 
tories (Bone and Himus, “ Coal, its Constitution 
and Uses,” p. 142) the results shown in Table 
IX were obtained. 

In Table X are shown the amounts (in c.c.) of 
each of the several gaseous products evolved 
from 100 g. of the dry coal substance (i) up to 
tlie “ oil point,” and (ii) over selected tempera¬ 
ture ranges thereafter, in experiments with the 
Morwell brown coal. 
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Table IX.— Initial Decomposition of 
Brown Coals and Lignites. 


Coal. 


Morwell brown 
coal 

German brown 
coals: 

Ehenish 

Saxon . 

Saskatchewan 
brown lignites 


Oil 

point 

°C, 


375 


/ 260 
t 300 
/ 288 
\275 

320- 
3601 


Weights 
evolved per 
100 g. of 
dry dewaxed 
coal- 

substance. 


Gas. 


6-7 


4-9 

61 

4-6 

3- 9 

4- 5 


Steam. 


50 

40 

3-5 

3-8 

4*5 


Per¬ 

cent- 

in gas 
evol¬ 
ved. 


90-0 


93-2 

91- 4 
90-9 

92- 9 

70-75 


Mol 

ratio 

H,0/ 

COj 

ex¬ 

pelled 


225 


2-6 

1- 7 
20 

2- 5 


Table X.— Gases Evolved from Morwell 
Coal in c.c. at N.T.P. per 100 g. Dry 
Coal Substance. 


Temp. 

range 

'’C. 

HjS, 

CO,. 

CO. 

C«H«». 

Ci 

I c .gj 
U aJ ^ 

0 

H,. 

Up to 375 
375-500 
,500-700 
700-850 

56 

149 

101 

56 

3,200 

4,585 

510 

2,315 

153 

1,422 

2,216 

2,580 

42 

70 

376 

1,674 

2,696 

1.010 

2,110 : 
6,050 ; 

Totals 

362 

10,610 

6,370 

488 

5,380 

8,160 

] 



To 

875“C. 

375- 

SOO^C. 

500- 

700‘’C. 

700- 

oso-’c. 

Grams oxygen 
evolved as: 
CO,4-CO . 

. . . 

4’83 

7-62 

2-35 

510 ] 

4-87 

1'98 

123 

1-34 ^ 

1 


It shoiild be noted that of the four principal 
gaseous products (COg, CO, CH4 and H3) in 
each temperature range (i) the carbon dioxide 
(accompanied by some CO and much HoO) was 
the chief gaseous product below and much 
beyond the oil point (375°C.), and that from 
three-quarters to six-sevenths, respectively, of 
it had been evolved below 500°; (ii) next 
appeared methane, which was most freely 
evolved between 400° and 700°C.; and (iii) com¬ 
paratively speaking, hydrogen was a late comer, 
being most freely evolved, together with carbon 
monoxide above 700°C. The thermal decom¬ 
position had practically been completed by the 
end of the experiment, during which almost all 
the oxygen in the coal had been expelled as 
steam and oxides of carbon. 

With increasing maturity of the coal-sub¬ 
stance, not only do the three successive effects 
of heat already referred to overlap more and 
more, but, because of the first stage (i) above 
becoming less important both relatively and 
progressively, with diminishing oxygen-content 
they become almost indistingui^able with well- 
matured bituminous coals. 

Burgess and Wheeler (J.C.S. 1910-13) working 
chiefly with a South Yorkshire (Altofts) Silk^ 
stone coal, established 350°C. as the initial tem¬ 


perature of thermal decomposition of the main 
coal substance, a point which was marked by 
an abrupt and rapid increase in the evolution of 
gases. Up to such temperature only small 
quantities of occluded gases were evolved, 
although water began to be eliminated at 200°C., 
sulphuretted hydrogen at 270°, and oils at 310°. 
The last-named were considered as having been 
merely liquated out of the coal conglomerate. 
They also proceeded to study in detail (i) the 
rate of gas evolution, (ij) the total volume of gas 
and its composition, (iii) the amount of tar 
yielded by the coal at various temperatures 
between 450° and 1,100°C. It was found that 
(i) the evolution of methane and other paraffin 
hydrocarbons, which had been vigorous above 
350°, almost ceased at 700° ; (ii) that there was a 
well-defined “ critical temperature ” at about 
700°C. marked by an abiupt and rapid increase 
in the evolution of hydrogen; and that (iii) the 
evolution of carbon monoxide more or less 
followed that of hydrogen throughout. Similar 
results were obtained with a South Wales (Aber- 
tillery) coal. Similar results have been recorded 
by other investigators both in France and the 
United States. 

In a later paper R. V. Wheeler (Chem. and 
Ind. 1931, 60, 345) took the following view of 
the course of distillation of a typical bituminous 
coal, the “ decomposition point ” of which he 
id to increase with its carbon content from 
’ up to 365°. 

The course of the distillation of a typical coal 
js follows: Over a range of temperature, 
beginning at about 220°C., and completed at 
about 300°C., there is a simple distillation of the 
hydrocarbon oils already present in the coal. 
These oils correspond closely in nature and 
quantity with those obtained by extraction of 
the coal. At a temperature of, say, 300° (which 
varies from coal to coal) there is a well-defined 
decomposition point of the coal substance, 
marked by the formation of much gas, water 
and oils. This decomposition complete itself 
over a narrow range of temperature. As the 
temperature is further raised to 320-330°C. the 
resins present in the coal distil in the water and 
oil vapour which is being simultaneously 
evolved, giving ether-soluble material very little 
changed from that present in and extractable 
firom the coal. The resistant plant skins present 
in the coal are decomposed over the range 300- 
320°, giving rise to a comparatively large yidd 
of tar, mai^y of unsatural^ hydrocarbon type, 
similar to that which can be obtained by ms- 
tillation of modem plant skins. The yield of 
this portion of the tar naturally depends on the 
proportion of such skins, mainly spore exines 
in the coal, and is small with a bright clarain, 
and large with a durain.” 

The most interesting fisature disclosed by 
distillation is the well-d^ned and narrow range 
of true chemical decomposition, as distinguished 
from mere distillation of volatile matter already 
present. The decomposition point coincides 
with a marked change in the nature of the coal 
residue, which is evidenced, for example, in a 
marked enhancement of its oxidisabuity and 
reactivity in general, and in an increased response 
to the solvent or dispersing action of pyridine. 
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These properties suggest that the decomposition 
is of the ulmin portion of the coal, and this is 
confirmed by examination of the products of 
decomposition which contain much water and 
phenolic substances, known to be characteristic 
products of distillation of the ulmins.” 

The decomposition of the nitrogenous con¬ 
stituents of coal, formerly the source of most of 
the world’s supplies of ammonia, was studied by 
O. Simmersbach (Stahl u. Eiscn. 1914, 84, 1163, 
1200 ) who found that the nitrogen was dis¬ 
tributed among the products of carbonisation as 
shown in Table XI. 


Table XI.— Distribution of Nitrogen in 
THE Products of Carbonisation of a 
Silesian Coal Containing N 1-396%. 


Carbon¬ 

isation 

Percentage of the Nitrogen appearing in 

tempera¬ 
ture “C. 

Coke 

Gas. 

NH 3 . 

Tar. 

HCN. 

600 

71*69 

18-13 

7-81 

2-12 

0-25 

700 

65*43 

12-13 

18-13 

i 3*65 

0-66 

800 

63*65 

10-73 

21*28 

3*47 

0-87 

900 

58*40 

12-14 

24*12 

4-15 

MO 

1,000 

49*98 

21 53 

23-15 

4-11 

1-23 

1 , 1 (K) 

41*39 

30-51 

23-09 

3-70 

1-31 

1,200 

1 

26*43 

45-10 

22-84 

4-21 

1*42 


It will thus be seen that while the maximum 
formation of ammonia occurs at 9(X)"^, upwards 
of 50% of the nitrogen remains in the coke up 
to 1,000'’ and more than 25% at 1,200^ and so 
firmly is the residual nitrogen contained in the 
coke that, according to M. G, Christie’s re¬ 
searches (Inaug. Diss. Aachen. 1908), it is only 
very slowly expelled (as free nitrogen) as the 
temperature is gradually raised to 1,900°C., 
and he considers it to be present in the original 
coal in an extraordinarily stable “ nitride ” 
form as distinguished from the much less stable 
“ imino ” nitrogen, existing in organic com¬ 
pounds which decompose below 900'’C. yielding 
ammonia. 

A certain amount of study has been devoted 
to the thermal decomposition of the sulphur 
compounds in coal, thus, Burgess and Wheeler 
found, with a Silkstone coal, that the evolution 
of HgS began at 270° and virtually ceased at 
300°C.; and there is much evidence of its not 
being evolved beyond 600° or thereabouts. On 
the contrary, thiophen and carbon disulphide 
are essentially high-temperature products. In 
an extensive investigation carried out at the 
Imperial College on the thermal decomposition 
of a brown coal from South Australia containing 
3*7% of organic sulphur, the results shown in 
Table XII were obtained. On carbonisation, 
the organic sulphur constituents began decom¬ 
posite with a disgusting odour at about 220 °C., i 
yielding thereafter increasing quantities of 
hydrogen sulphide, mercaptans and thio-ethers' 
up to about 600°C., when their decomposition 
practically ceased with nearly 60% of the original 
sulphur still remaining in the solid residue. 

(h) (ii) MxtracHon of €oal with Solvettk .— 
Since the publication in 1862 of the results of 
Von. V.-~23 


Table XII. — Percentage Distribution 
Among the Carbonisation Products of 
THE Sulphur of a South Australian 
Brown Coal. 


Temperature 

1 822 

400 

500 

600 

700 

Percentage of the sul- 

1 





phur ^pealing ; 

81 

1 11-3 

17-4 

18-5 

18-9 

As mercaptans, 






etc. 

11-9 

300 

80-3 

30-3 

30-4 

In tar 

1 1-1 

1 2-75 

3-6 

3-8 

3-9 

In residue 

78-9 

55-95 

48-7 

47-4 

46-8 

Percentage volatiles 
expelled 

15 5 

32-3 

41-4 

45-2 

46-6 


the pioneering work of de Marsilly, the appli- 
I cation of solvents with a view to resolving the 
(oal complex into identifiable constituents, has 
formed a popular method of attack; almost aU 
the common organic solvents, either alone or 
mixed, have been tried ; save, however, for the 
preliminary removal of resins, waxes, etc., 
which may be carried out by such solvents as 
benzene, alcohol, benzene—alcohol mixtures, 
ether or chloroform, the commonest solvents are 
pyridine, or benzene boiling under pressures up 
to 700 lb. per sq. in. 

In broad outline, the procedure adopted by 
R. V. Wheeler and his associates (who have 
been its chief exponents) for the extraction of 
coal by pyridine, has been to effect a preliminary 
separation by this solvent, followed by division 
of the extracted material by treatment in chloro¬ 
form into two further fractions, whereby the 
coal is resolved into (i) an alpha fraction, in¬ 
soluble in pyridine, consisting of undispersed 
ulmins p/wa resistant plant remains; (ii) a beta 
fraction, soluble in pyridine but insoluble in 
chloroform, consisting of dispersed ulmins; 
and (iii) a gamma fraction, soluble in both 
P 3 ^ridine and chloroform, consisting mainly of 
resins and hydrocarbons. C. Cockram and 
R. V. Wheeler investigated the gamma fraction 
from the clairain of Parkgate (bituminous) coal, 
extracting it successively with light petroleum, 
ethyl ether and acetone, styling the successive 
fractions yj, and y^ which they described 

as follows: y^ (about one-third of the total 
fraction) was of vaseline-like consistency, 
reddish-brown in colour and was found to con¬ 
sist of {a) saturated hydrocarbons, 40%, C 87*40, 
H 11*13% ; (b) unsaturated hydrocarbons, 40%, 
no analysis given ; (c) resins, dark red in colour, 
20%, C 84*21, H 7*31% ; y. (about 37% of the 
total fraction) was a brick-red powder, m.p. 
100 - 110 °C., consisting mainly of resins and 
resin-degradation products (resinols, resines and 
resenes); y^ and y^ (12 and 18% of the total 
fraction respectively), consisted of a “ resin-like ” 
dark-brown powder, m.p. 280-300°C. without 
decomposition. They also consider that “ inso¬ 
far as the presence of a ‘ coking principle ’ is 
necessary . . . the agglutinating medium during 
coke-formation consists of the resins and hydro¬ 
carbons formed during the early stages of heating 
in the coke-oven,” Other investigators have 
also connected the coking propensities of coals 
with their content of the y-fraction, while some 
have suggested that under carbonising con- 
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ditions the j8-fractioti may assist. It is, however, 
generally agreed that the a-fraction, i.e. the in¬ 
soluble residue of a pyridine-extracted coal, is 
quite devoid of <;oking propensities. Researches 
by Bone and co-workers have shown that in 
order to obtain reliable results, it is absolutely 
essential that the p 3 ^ridine be pure and an¬ 
hydrous and that, during the extraction process, 
free oxygen be totally excluded from the ex¬ 
traction apparatus. Various general obser¬ 
vations have also shown that, besides any 
ordinary solvent action which pyridine may 
have upon the resinic constituents, which is 
probably fairly rapid, it also at the same time 
slowly attacks and resolves into simpler mole¬ 
cular aggregates the complex structure of the 
coal as a whole. Vignon (Compt. rend. 1914, 
168, 1421) studied the solvent action of aniline 
(b.p. 180°C.) and quinoline (b.p, 238°C.) on coal, 
and reported that of quinoline to l)e nearly three 
times as great as that of pyridine and twice 
that of aniline at their respective boiling points, 
which again suggests some “ unbuilding ” of 
the coal substance. So far the only solvent- 
extraction process of much chemical value is 
the benzene-pressure extraction originally intro¬ 
duced by F. Fischer and W. Gluud, but im¬ 
proved later by W. A. Bone and collaborators. 
Fischer and Gluud extracted coals with benzene 
at temperatures and pressures (275^^ and 50 
atms.) approximating to the critical values of 
the solvent; but, not using the Soxhlet principle, 
their process was never complete and subse¬ 
quently they divided their extracts into two 
fractions only, namely, “ (Elbitumen'' soluble in 
light petroleum, and “ Festhiluinen ” insoluble 
therein. Bone and his collaborators introduced 
the Soxhlet principle at 500 and 700 Ib.per sq. in. 
(which enables the extraction to be carried to 
completion), and subsequently resolved the 
crude extract into four fractions, as follows : 


circa 13, soluble in a mixture of 1 part benzene 
and 4 parts light petroleum. (Fractions I and 
11 are both combined in Fischer’s CElbitumen,'') 

III. A usually non-nitrogenous, reddish-brotpu 
solid with resinous lustre^ softening usually below 
150°, with C/H ratio circa 12-5, insoluble in light 
petrolenm (with or without benzene), but soluble 
in ethyl alcohol. 

IV. A neutral amorphous cinnamoyi-brown 
nitrogenous potvder insoluble in light petroleum 
or ethyl alcohol, softening usually between 150“ 
and 250“ with C/H tatio >15 and undoubtedly 
of a benzenoid character. (Fractions III and 
IV arc combined in Fischer’s “ Festhiiumen.'') 

The important feature of these fractions is 
that while 1 never (and II but seldom) has 
any “ binding ” properties, both 111 and 
IV always have, and that it is the two last 
(but especially IV) which chiefly determine 
the coking propensities of bituminous coals. 
The residue after the benzene-pressure ex¬ 
traction, which usually constitutes over 85% 
of the total coal substanc^e, is always entirely 
devoid of coking propensities. 

8emi-bituminous and anthracitic coals yield 
little or no benzene pressure extract. Bub- 
bituminous coals, lignites and brown coals, 
while always yielding Fractions I and II in 
proportions usually comparable with (and some¬ 
times even greater than) those of bituminous 
coals, are either deficient in Fraction III and IV^ 
or do not yield them at all, in the latter case {e,g. 
brown coals, they yield instead of III, phenolic 
esters (IIT)* and instead of IV, phenolic and/or 
complex acidic bodies (IV'). Indeed there is 
already strong presumptive evidence that the 
constituents of bitumnious coals chiefly respon¬ 
sible for their coking propensities originated in 
the phenolic bodies found in the less mature 
brown coals. Table XIIJ summaries the yields 


Concentrated Benzene Solution of Crude Extract 

4 

Poured into Light Petroleum (b.p. 40'’-60'q 


Soluble 

I 

Benzene-free 
Light Petroleum 


Insoluble 


Ethyl Alcohol 


Soluble Insoluble Soluble Insoluble 
Fraction I Fraction II Fraction III Fra<^tiott IV 


They gave greater precision to the method, and 
extended its application to tire elucidation of 
such questions as the nature, origin and develop¬ 
ment of the constituents of bituminous coals 
responsible for their coking propensities. The 
four fractions resulting from bituminous coal 
are characterised as follows: 

I. A yellow-brown viscous and usually non- 
nitrogenotts neutral oil of vaseline-like con¬ 
sistency, with C/H ratid usually <10 and low 
O content; soluble in light petroleum and 
apparently aliphatic in constitution. It may be 
divided into {a) and {b) according as it is volatile 
or not in steam. 

II. A reddish-brown amorphom soUd, soften- 
ir^-point usually below 60 ® with C/H ratio 


Table XIII.— Yields of Benzene- 
Pressure Extract. 



1 Yield of fraction. 


C/H 

Coal. 





I'otal 

ratio 






yield. 

in dry 


1. 

11. 

III. 

IV. 


residue. 

Briytvn Coal: 







Morw'cli Brown 
Coal 

Saskatchewan 


1*5 

1 iP 

9*0» 

15*0 

19*2 

Brown Lig¬ 
nite . 

105 

0-3 

0*31 

2-25^ 

4*5 

19*0 

Lignitic Coah: 







Alberta Black 







Lignite . , i 

N. Zealand siib- 

1*3 

1*3 

1*2 i 

0-6 

4*3 

20*3 

bitumi nous 
(non-coking) 

2-9 

17 

2*4 

1*2 

8*2 


Bituminous Coals: 





! 


Shafton (weak¬ 



»* 




ly coking) . 
Barnsley (crok- 

3-5 

21 

2*3 

2*7 

10*0 

18*0 

Ing) . . . 

2*2 

0*6 

0-4 

5*1 

8*3 

— 

Busty: 







Durham 







(strongly 
coking) . 

3*3 

30 

0*05 

9*25 

16*6 

19*5 


^ Not true Fraction III or IV, but the phenolic 
bodies from wlilch they have Deen developed in 
more mature coals. 
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of benzene-preesure extracts from the different 
classes of coals referred to. 

It does not necessarily follow from the ex¬ 
perimental evidence that the phenolic bodies 
extracted from such brown coals were present 
in the free state therein ; on the contrary, they 
seem more likely to have been present in some 
loose molecular association with the main coal 
substance, though as yet this is unproven. 
There is, however, much presumptive evidence 
for the view that the agglutinating Fractions III 
and IV yielded by sub-bituminous and bitu¬ 
minous coals have originated in the phenolic 
bodies found in Fraction III' and IV' of brown 
coals. And if, as now seems probable, such 
agglutinants so arise, during the maturing of 
coals, it was to be expected that some “ inter¬ 
mediate ” types of coals would be found in which 
Fractions III, IV, III' and IV' co-exist. 

An example of such an “intermediate” type of 
coal has recently been furnished by the black non- 
laminated (apparently well-matured) lignite from 
Nam Ma, Shan States, Burma (No. 10, Table IV), 
which gave on extraction 11 •10% of total extract 
resolvable as in Table XIV, as follows; 

Table XIV.— Results of Benzene- Pressure 
Extraction of Nam Ma (Burmese) Bla(’k 
Lkjnite. 


Referred to the Dry Ashless (’oal 
Substance. 


Fraction. 

'•0. 

C. 

H. 

N. 

S. 

O, 

1 (fl) . 

01 


No analysis made. 


I {h) . 

l-fi 

82 5 

9-8 

trace 

0-45 

7-25 

U 

1-4 

76-25 

8-6 

0-25 

0-30 

14 60 

Ill 

015 

77-3 

8-75 

0 0,') 

0-7 

12-3 

IV 

0-45 

77*.5 

8-3 

0-r) 

0 75 

12 0.5 

IIP 

3-45 

Haponiftabk* 

esters 

apparently 



phenolic. 




IV'. . 

40 

Alkali-soluble 

bodies 

of phenolic 


I I nature. 

Fractions I ami II resembled both qualita¬ 
tively and quantitatively those from other im¬ 
mature coals previously examined. The pre¬ 
sence, however, of bodies akin to Fractions III 
and IV in the neutral extract from a coal which 
also gave phenols and phenolic esters (Fractions 
IV' and III') indicate(i an intermediate type of 
extract. The compositions of Fractions III 
and IV differed from what would have been 
expected from a coal of the degree of maturity 
disclosed by the extraction results. The carbon 
and (more particularly) hydrogen contents wore 
higher, and the oxygen was lower, than would 
have been predicted; also the compositions of 
the two fractions approximated much more 
closely than usual. Judged in the light of 
previous results, the prototypes of Fractions III 
and IV derived from the least mature coals in 
which these fractions occurred might be ex¬ 
pected to have compositions approximating to: 



c. 

H. 

O. 


per cent. 

Fraction III. 

70-74 

5-0 

above 19 

Feactkm lV. 

below 77 

^0 

above 10 


In addition, the Fraction III, having been pre¬ 
pared from a neutral extract which had been 
previously treated with alkali, was neutral and 
therefore chemically different from the corre¬ 
sponding fraction of an extract of a bituminous 
coal or matured lignite type, 

Although this is the first clear example of such 
an “ intermediate ” type of coal among those 
so far investigated in the Imperial College 
Laboratories, similar instances have been 
indicated elsewhere. So that altogether the 
view that the agglutinating fractions of bitu¬ 
minous coals originated in the phenolic bodies 
extractable from brown coals may now be 
regarded as well established, 
t (b) (iii) Chemical Degradation of the Coal 
Substance .—It has long been known that carbon 
dioxide, oxalic and acetic acids are among the 
products of even eornparatively mild oxidation 
of coal; thus as long ago as 1829, Gay-Lussac 
obtained oxalic acid by oxidation of coal with 
nitric acid. Jt was not, however, until about 
1920 that any marked advance was made, when 
Fisehcr and his assoc'iat-es oxidised coal sus¬ 
pended in an alkaline medium by air under 
pressure, obtaining small yields of a number of 
acids which indicated that the benzene nucleus 
formed an important unit in the chemical struc¬ 
ture of coals. Later, Francis and Wheeler 
(J.C.S. 1925, 127, 2230), from the oxidation of 
“ soluble coal ulmins ” with hydrogen peroxide 
and dilute nitric acid, obtained oxalic, succinic 
and small amounts of picric, pyromedlitic and 
(possibly) trimcllitic acids. Bone, Horton and 
Ward (Proc. Roy. Soc. 1930, 127, A, 480) and 
Bone, Parsons, Sapiro and Groocook {ibid. 1935, 
148, A, 492), continuing the work of Bone and 
Quarendon, studied the alkaline permanganate 
o xidation of t he residues left after the benzene- 
pressure extractions of coals, achieving for the 
first time, complete oxidation of the coal sub¬ 
stance to identifiable products. They also ex¬ 
tended the work to determinations of the quanti¬ 
tative distribution of the carbon in the coal 
substance among the oxidation products. The 
products of the alkaline permanganate oxidation 
included, invariably, carbon dioxide, acetic and 
oxalic acids, occasionally succinic acid and, at 
one time or another, all the possible benzene 
carboxylic acids with the exception vof benzoic 
acid. In general, throughout the peat -> coal 
anthracite series, the more matured the coal 
substance, the less readily it is oxidised. The 
results of the rcsejirches may be summed up as 
follows : 

(1) The experiments have proved conclusively, 
not only the essentially benzenoid character of 
the main coal substance, but its progressive 
development throughout the lignin -> peat 

coalanthracite series, as the summarised 
results in Table XV show. 

(2) In general, the ratio Ijctween the benzenoul 
and oxalic acids produced increased with the 
maturity of the coals. 

(3) Some small proportion of succinic acid 
resulted from the oxidations of peats and brown 
coals, but not from lignins, bituminous coals 
and anthracites. It may have arisen from the 
oxidation of resins associated with the peat or 
brown coal. 
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Table XV.— Caebon Balances : Lignin 
“V Anthracite Series. 


Percentage 
of the 
carbon 
oxidised to 

Lignin. 

Peats. 

Brown 
coals 
and j 
lignites. 

Bitu¬ 

minous 

coals. 

Anthra¬ 

cite. 

(1) COj, . 

57-60 

49-61 

45-57 

36-42 

43 

(2) Acetic- 
acid 

2r)~0'0 

3 0-5-5 

3 0-7-5 

1-5 4-5 

2 

(3) Oxalic 
acid 

21-21 

15-28 

9-23 

13-14 

7 

(4) Benzene 
carboxylic 
acids 

12-16 

10-25 

22-34 

30-46 

50 

Approx, 
ratios of 
(4) to (3) 

0-5-0-75 

0*64 0-9 

1-5-2 0 

30 

7-0 


(4) While at one time or another ovory 
benzene carboxylic acid, except benzoic acid 
itself, has been isolated from the oxidation pro¬ 
ducts, in every case so far examined tlie penta- 
or hexa-carboxylic acid has preponderated over 
the others. Only, however, with anthra('ite did 
the proportion of hexa- appear to exceed that 
of the pen ta-car boxy lie acid in the products. 

(5) While no phthalic acids were detected 
among the benzenoid acids produced from 
lignins, and comparatively small proportions 
among those produced from peats and brown 
coals, fair proportions thereof were found among 
those produced from bituminous coals and 
anthracites. 

(6) I’he large proportion of both the benzene 
penta- and hexa-carboxylic acids among the 
oxidation products of coals indicates the pre¬ 
ponderance in the coal substance of such benzen¬ 
oid carbon complexes as: 



C 



while the other acids might arise from simpler 
ring-structurcH with or without side-chains. 

' (7) While this suggests the possibility of the 
coal substance having arisen through con¬ 
densations of phenolic- and amido-bodies with 
aldehydic bodies—much as synthetic resins are 
now produced—and there is evidence of at least 
the agglutinating constituents of bituminous 
coals having arisen in some such way—only 
further experiment can decide these questions. 

(8) The results as a whole strongly support the 
view of the essential continuity of the lignin 

peat -> coal anthracite series, and of 
lignins rather than celluloses being its chief 
progenitors. Jn this connection, however, E. 
Berl (private communication) has stated that 
on oxidising a “ cellulose-coal ” by means of 
alkaline permanganate, according to the Im¬ 
perial College procedure (Bone et al., Proc. Roy. 
Soc. 1930, 127, A, 480; 1935, 148, A, 492), ho 
has succeeded in obtaining carbonic anhydride, 
oxalic, benzoic, phthalic, mellophanic, penta- 
and hexa-benzene carboxylic acids, as well as 
fatty (probably butyric) acids, and he regards 
such products as proving how easily carbo¬ 
hydrates may be transformed into aromatic 
substances, and therefore as still justifying his 
view of the cellulosic origin of bituminous coals. 
Seeing, however, that the conditions under 
which his artificial “ cellulose coal ” was pro¬ 
duced—namely, by heating cellulose with 
alkaline solutions to 226-360“ under pressure— 
differed considerably fron\ those under which 
coals were naturally developed, it by no means 
follows that his experiments have any decisive 
significance in regand to the origin of bituminous 
coals. 

As stated above, the benzenoid character of 
the main coal substance, whatever its origin, 
is now completely prov^, although no con¬ 
stitutional formula for the “ coal-unit ” has 
been deduced as it has for the “ cellulose *’ or 
“ lignin ” units. 
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That the coal substance contains unsaturated 
linkages is indicated by its behaviour on treat¬ 
ment with halogens. Experiments made at 
various times at the Imperial College (un¬ 
published researches) have shown that when 
bromine acts upon a coal at room temperature 
or lOO^C., both “ addition ” and “ substitution,” 
as well as some “ adsorption,” occur and that 
stable brominated products, outwardly re¬ 
sembling the original coal, result without any 
breakdown of its essential molecular structure. 
A. McCulloch and his collaborators (.I.8.C.I. 
1929, 68, 167T; 1930, 59, 377T; 1932, 61. 49T, 
186T; 1933, 62, 47T) have found that coals may 
bo vigorously chlorinated at air temperature, 
the first effect being “ addition ” at unsaturated 
linkages followed by ” substitution,” though 
not within the fundamental benzenoid nuclei. 
The coking propensities are simultaneously 
destroyed. The chlorine is said to be eliminated 
practically quantitatively when the chlorinated 
product is heated to about 500"’C. 

For a more complete account of the constitu¬ 
tion of coal, see Bone and Himus, “ Coal: Its 
Constitution and Uses ” (1936). 

The Valuation and Selection of Coal. 

While the value of coal depends primarily 
upon its calorific value, other factors must be 
considered in determining its suitability for any 
given purpose, such as, for example, (i) moisture 
content, (ii) quantity, distribution and fusibility 
of the ash; (iii) the percentage of volatiles; 
(iv) the character of the carbonised residue; 
and (v) its ultimate composition— C, H, S and 
N —the N being important if the coal is to be 
carbonised or gasifted in producers under 
ammonia - recovery conditions. Coal is not 
usually puridiased in Great Britain on a basis 
either of calorific value or chemical analysis, but 
the practice is common in the United States and 
in certain European countries, the contract 
naming a definite price for coal of specified 
quality, subject to a sliding scale of bonus and 
of penalty for deviations from that quality. The 
following brief di8(*u88ion is based on the appro¬ 
priate specifications and reports of the British 
Standards Institute and “ Fuel Testing,” by 
G. W. Himus (L. Hill, London, 1932). In order 
that the results of the assay of a sample of coal 
may be of any value, it is necessary that the 
sample be representative of the whole bulk of 
the coal and shall contain the same pro¬ 
portions of large, medium and small, and in 
addition, the same proportions of clean coal and 
“ dirt.” Grumoll and Dunningham (Report on 
the Sampling of Small Fuel up to 3 in. British 
Standards Institution No. 403, 1930) showed 
that sampling should be carried out by means of 
a number of equal increments uniformly dis¬ 
tributed over the bulk of the coal, and further¬ 
more that (a) the number of increments and/or 
the weight of sample, or the number of individual 
wagons to be sampled is independent of the 
weight of the consignment provided that the 
increments are uniformly distributed; and 
(6) the number of increments and/or the total 
weight of the sample, or the number of individual 
wagons to be sampled, must be varied according 
to the average error of the fuel (which is a func¬ 


tion of the ash-content of the coal). Based on 
this and later work, methods of sampling coal 
and coke have been standardised by the British 
Standards Institution in a number of specifi¬ 
cations (Nos. 404, 420, 496, 502). The tests 
most frequently applied to coal are those in¬ 
cluded under the title of ” pro.ximate analysis ” 
(involving determination of moisture, volatile 
matter and ash), and determination of sulphur 
and calorific value. In certain special cases, 
other tests such as complete ultimate analysis, 
agglutinating value, tendency to swell when car¬ 
bonised, the determination of phosphorus, or 
arsenic, or the fusion temperature and composi¬ 
tion of the ash are sometimes required. For 
details as to the method of application of these 
tests, readers are referred to the relevant British 
Standard Specifications (v. aupra^ and also 
Nos. 453, 568, 686, 687 and 705) and to “* Fuel 
Testing ” {op. cii.). 

With regard to the selection of coal for in¬ 
dustrial purposes, while it is possible to indicate 
certain general rules which enable the observer 
to say that a particular coal will probably be 
suitable for a particular plant or purpose, plant 
and operating conditions are susceptible of such 
wide variation that the rules must be regarded 
only as broad generalisations. It can be stated 
quite definitely that unless it is required to 
produce a carbonised residue (semi-coke or coke), 
the use of strongly caking coal is to be avoided ; 
furthermore, a high fusion temperature is desir¬ 
able in the ash of coal which is to be burned in 
a furnace or gasified in a gas-producer. High 
moisture and high mineral content arc always 
objectionable since both act as diluents, reduce 
the calorific value of the fuel and entail transport 
and handling charges. Generally speaking, uni¬ 
formity of size is desirable, and it is always 
advantageous that successive deliveries of coal 
should be as far as possible of the same quality, 
since under modern industrial conditions uni¬ 
formity of raw materials enables operating con¬ 
ditions to be standardised, a factor of great im¬ 
portance in maintaining high and steady effi¬ 
ciency coupled with low costs. Coal for the 
manufacture of gas generally yields from 30 to 
38% of volatile matter (at 90()°C. on the dry 
ashless coal) and a rather porous coke; the 
moisture and ash should be as low as possible. 
The best coking coals generally yield between 
20 and 30% of volatiles and a strong, compact 
residue; the best steam coals yield from 8 to 
20% of volatiles and should be non- or weakly- 
caking, the moisture and ash should be low, and 
the latter should be infusible to avoid formation 
of clinker; for gas-producer purposes, it is 
desirable that a coal should be non- or weakly- 
caking and have a low percentage of non-fiisible 
ash, high volatiles are rather an advantage than 
otherwise; coals intended for low temperatui'e 
carbonisation (at from 500 to 650”C.) should be 
low in moisture and ash and should give a non- 
swoUen coke which is of sufficient strength to 
stand handling and transport. 

Stokaqje and Spontaneous Ignition of Coal. 

It is well known that on storage coal de¬ 
teriorates both as regards heating power and 
ooldng properties, a fact attributable to slow 
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atmospheric oxidation, which may, under certain 
circumstances, give rise to spontaneous ignition 
of the coal. It was formerly believed that the 
oxidation of the iron pyrites present in coal is 
the principal cause of its spontaneous ignition, 
but it is now recognised that this is not so, the 
chief factor being the surface condensation of 
oxygen in the pores of the fuel, and subsequent 
oxidation of certain constituents of the coal 
substance. It has also been suggested, on the 
basis of experimental evidence, that in some 
cases of spontaneous combustion, the heat 
generated by bacterial acitivity is a factor to be 
considered. Coal readily absorbs oxygen when 
heated in contact with air at 150--!2(K)‘^, the pro¬ 
cess being not merely a physital absorption, but 
involving actual oxidation of coal substance; 
the weight first of all increases, and afterwards, 
especially if the temperature rises, steadily 
decreases owing to loss of moisture, to slow' com¬ 
bustion and det'omposition. According to in¬ 
vestigations by S. W. Parr and others (Cniv. 
of lUinois Bull. 1908, No. 17 ; 1911, No. 4H), the 
oxidation of coal is continuous over a wide range 
of conditions, and begins with freshly mined 
coal at ordinary* temperatures; at some tem¬ 
peratures between 200“ and 275“ (dependent 
upon the nature of the coal and the fineness of 
division) the oxidation becomes autogenous; 
actual ignition does not occur until the tempera¬ 
ture rises beyond 350\ With regard to the in¬ 
fluence of pyrites, it was found that the amount 
of “ pyritic oxidation ” under given conditions 
is always proportionate to the pyritic content of 
the coal, so that an increase in the latter may 
therefore hasten “ the rise in temperature up to 
the critical point at which the absorption of O 
by the coal itself is rapid enough to increase the 
temperature up to the point of self-ignition.” 
Hence, pyritic oxidation may become a con¬ 
tributory (though not the chief) factor in the 
spontaneous ignition of coal, although itself, 
and apart from the simultaneous oxidation of 
the coal substance, it would be negligible. 
According to Parr and Cressman, the presence 
of moisture increases the reactivity of the coal- 
air system at any temperature. The whole 
phenomenon is probably one of “ surface com¬ 
bustion.” According to Bone (” Coal and Its 
Scientific Uses,” 1918, p. 158) the absorption of 
O by typical British (Durham and Yorks.) 
bituminous coals is very slow at temperatures 
below 80°, and is attended by the production of 
relatively insignificant quantities of the oxides 
of carbon. But in the neighbourhood of 80° the 
action becomes much quicker, and at above 100° 
is marked by the regular and simultaneous pro¬ 
duction of both the oxides of carbon as well as 
of steam, all of which apparently result from the 
decomposition of some unstable “ oxygenated ” 
body primarily formed by the absorption of the 
oxygen. In 1923 M. C. Stopes and R. V. 
Wheeler (Fuel, 1923, 2, 29^1, 83-92, 122-127) 
published the results of experiments on British 
bituminous coal mode by them at the Home 
Office Experimental Station, Eskmeals, from 
which they concluded (1) that whereas the 
occluded gases removed from freshly Won coal 
on exhaustion at consist mainly of paraffin 

hydrocarbons, they contain a large proportion 


of oxides of carbon if the coal has been previously 
“ weathered ” either naturally or artificially, 
as though oxygen had reacted with some part 
of the coal substance similarly to its reaction 
with pure carbon ; (2) the greater part of the 
oxygen absorbed by the (toal at temperatures 
between 15° and KK)°C. ultimately appears as 
oxides of carbon (the ratios CO2/CO varying 
; between 3-8 and 12-7) when the coal is ex¬ 
hausted at 100°; and (3) that at such tempera¬ 
tures the chemical reaction following upon the 
physical absorption varies in degree, and per¬ 
haps also in nature, as between the various 
banded constituents of the coal. In 1925, 
S. W. Parr and R. T. Milner (Ind. Eng. Cheni. 
1925, 17, 117) by further experiments in which 
representative Illinois bituminous coals were 
maintained for as many as 50 days under closely 
<’(>ntrolled conditions in cunents of oxygen at 
various temperatures up to J10°(\, found that 
(i) the eoals increased in weight throughout each 
trial, approaching ” saturation ” after such in¬ 
crease amounted to about 8%, (ii) from 4 to 8% 
by w^oight of moisture and from 2 to 6% of carbon 
dioxide were evolved, the amounts increasing 
with the temperature, and (iii) the loss in 
calorific value at 100° was about 8% in 50 days, 
while at 150° it was as much as 25%. It was 
concluded that at atmospheric temperature 
oxygen is primarily absorbed w ith corresponding 
increase in weight, the calorific value decreasing 
pari passu with the gain in weight. At higher 
temperatures, however, the absorbed oxygen 
undoubtedly enters into chemical combination 
w'ith the coal substance and is ultimately evolved 
I chiefy as HgO and COg, with consequent loss in 
potential energy. Although doubtless many 
points require further investigation, sufficient 
is now known to warrant the conclusion that, 
whatever subsidiary part (if any) pyrites may 
play, the main and predominating cause of 
the spontaneous combustion of coal residue 
is the coal substance itself, whicrh is oxidised 
more or less readily according to its constitu¬ 
tion. It is also evident that the oxygen is first 
of all adsorbed by the coal substance, possible 
in some ” activated ” form, then in some way 
more or less loosely incHjrporated with it, and 
as the temperature rises it is finally expelled 
in gaseous products, chiefly as HgO and 
COo. But between its initial absorption and 
its final expulsion, a whole series of complex 
phenomena are probably involved which so far 
have received little attention and need elucida¬ 
tion. With regard to the storage of coal, it has 
has been proved that coal stored under vxUer 
suffers no deterioration. The conditions most 
favourable to spontaneous ignition of coal when 
stored in heaps are (1) a certain, but not exces¬ 
sive, ventilation of the heap; (2) a certain 
degree of subdivision {e.g. small coal mixed with 
dust) ; and (3) any circumstance which tends to 
heat conservation in the heap. The best safe¬ 
guard is either excessive ventilation (which it is 
practically impossible to maintain in large stores 
or in a ship's hold) or no ventilation at all. The 
extinction of fires which may break out on board 
ship is often a matter of great difficulty, the most 
effective method being that proposed by Harker 
(7th Int. Cong, Appl. Chem, 1910, dm J.S.C,L 
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1918, 84, 157T) whereby the flue gawes from the 
boilers of the vessel are pumped into the burning 
hold. 

A. C. Dunningham and E. S. Grumell (J. Inst. 
Fuel, 1937, 10, 170) have shown that effective 
protection against self-ignition of coal in large 
piles may be obtained by ventilation ducts on 
the windward sides only, provided the stacking 
is carefully carried out and the pile compacted 
by rolling. Furthermore, siudi ventilated piles 
of Derbyshire, North 8talfs and LancaHhire 
slacks, beans and pearls showed little if any 
deterioration in calorifi<‘ value or in size after 
3^ years’ storage. 

The Combustion of Coal. 

When bituminous f’oal is charged into a hot 
furnace, it first of all undergoes a proc'ess of 
destructive distillation ; its least stable resinous 
constituents decompose, and hydrocarbons are 
freely evolved, which, on partial oxidation or 
secondary decomposition, give rise to carbon, 
together with minute (luantities of dense tarry 
vapours (smoke) which are diflicult to bum, 
(‘xcept in an abundant air supply and at high 
temperatures. ’^I’he residual coke fuel, being 
raised to incandescence, is burnt by the air, 
which is drawn in through the grate, to CO ami 
CO4 in the ratio of between 2 and 3/1. If, as 
in intermittent stoking, the furnace be cooled 
by a sudden inrush of cold air during the intro¬ 
duction of a fresh charge of fuel, smoke will 
be freely evolved. The production of smoke nmy 
be greatly reduced by the adoption of continuous 
mechani(^al stoking, especially if it be on the 
“ under-feed ” principle, or by making the 
mixture of “ smoke ” and hot air impinge upon 
an incandescent fireclay surface ; the introduc¬ 
tion of a pre-heated secondary air supply near 
or at the fire-bridge of the furnace will often 
diminish smoke. It is never possible to burn 
coal in a furnace with the theoretical quantity 
of air; thus, 1 lb. of coal containing C 80*0, 
H 5‘6, S 0*9, N 1*5, O 5*0 and ash 7-0%, would, 
theoretically, require 136-0 cu, ft. of dry air at 
15° and 760 mm. for complete combustion, and 
the cooled gaseous products would contain 
18*2% GOj. It rarely happens, however, that 
the CO 2 content in the cooled chimney gases 
from a coal-fired furnace exceetls 13*0%, and the 
more usual proportion is from 8-0 to 10-0%. In 
large boiler installations, the adoption of 
mechanical stoking, together with automatic 
instruments for recording the temperature and 
CO, content of the chimney gases, will be found 
conducive to fuel economy. E. J. Constam and 
P. Schlapfer of the Ziirich Pnifungsanstalt fiir 
Brennstoff, as the result of exhaustive boiler 
trials with many different coals, concluded that 
those yielding between 16 and 23% of vola¬ 
tiles (referred to dry ashless fuel) have the 
greatest steam^raising values ; with coals yield¬ 
ing a high percentage of volatiles, there is an 
excessive loss on account of their incomplete 
combustion. On the other hand, with a coal 
low in volatiles, and which, therefore, .yields 
a large pero^nta^ of coke in the boiler furnace, 
a conslderalile excess of air must be used in 
order to msuhtain combustion at a rate suHcihnt 


to ensure rapid evaporation in the boiler, and 
this means an excessive loss as sensible heat of 
the chimney gases. In trials on a marine 
boiler with coals yielding between 16-6 and 
19-1% volatiles, evaporating about 3-6 lb. 
of water per sq. ft. of heating surface per hour, 
between 73-7 and 75-1% of the heat of com¬ 
bustion of the fuel was transmitted to the water, 
about 20% was lost in the chimney gases (at 
276-303°), partly as sensible heat and partly 
as unburnt gases, another 3-3-4% was lost in 
the ashes, the balance representing radiation 
losses (Z. Ver. dent. fng. 1909, 1857). In trials 
on a goods locomotive on the Furness Railway, 
tired with Yorkshire, Lancashire, Cumberland, 
Seoteh and Welsh eoals, the average boiler 
effieieri<y reported was 74-5% for an average 
evaporation of 8-65 lb. of water per sq. ft. of 
heating surfaee (Pettigrew, J. Iron and Steel 
Inst. 1903, ii. 206). 

The results ()f a large number of boiler trials, 
each lasting a full working day, were summarised 
by D. Brf)wnlie (“ Boiler Plant Testing,” Chap¬ 
man and Hall, 1922), in which he found that the 
true average net working effi(*ieney (allowing for 
steam used as auxiliary to the operation of the 
boilers) was only 58%, varying from a maximum 
of 82-2 to a minimum of 32-5% for the whole 
plant, including economisers and superheaters 
(where fitted). The average net working effi- 
eiencies of eylindrieal boiler plant (Lancashire 
and Cornish) was only 60%. while water-tube 
boiler plant showed an averag<* of 69'2%. 
Although there has been some improvement 
during the past 15 years, there is still much 
progress to be made before the practical limits 
of boiler ctfieiency in general industrial practice 
will have been reached. 

2. Hecondaky or Derived Fuels. 

(a) From Wood.—C^arroo/(v. Vol. II, 31 Or). 
—Charcoal is an excellent fuel for metallurgical 
purposes on account of its low percentage of ash, 
its freedom from sulphur and phosphorus and its 
easy combustibility. A recent development in 
the use of charcoal has been in its application to 
the propulsion of road vehicles. The charcoal 
is gasified in small portable gas-producers and 
the gas thus formed is burned in the engine of 
the lorry or truck. Experiments on these lines 
have been made, inter alia, in South Africa (Fuel 
Research Inst,, BuU. No. 5, 1936) wdth charcoal 
made from wood or mealie cobs, and it was 
found that, using a ” Suedlund ” producer fitted 
to a Chevrolet 30-cwt. lorry, from 12 to 14 lb. 
charcoal were equivalent to a gallon of petrol 
during a journey of 370 miles over poor roads at 
an average speed of about 20 miles per hour. 
In an article by Marshall Retain (L’Auto. 1936, 
No. 27) it is stated that 1 litre of liquid fuel 
is equivalent to 1 *6 kg. of wood charcoal or 3 kg. 
of dry wood. It is stated also that the latest 
automobile consumption per km. per ton of total 
weight is front 120 to 160 g. wood, or 76 g. wood 
charcoal, giving operating costs about 50% 
lower than with liquid fuel. Comparative tests 
have also been made with two 1-ton Ford vans 
during the journey from London to Afghanistan, 
using local charcoals en route. The relative fuel 
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costs for the 1,300-mile journey from London to 
Baghdad were stated to be £3 175. 6d. with 
charcoal at £7 5s. per ton and £10 ISa. 6d. with 
petrol (Engineering, 1934,187, 132). 

(6) From Peat .—Peat charcoal is very friable 
and porous, and consequently difficult to use in 
metallurgical operations. When sufficiently co¬ 
herent, and when the percentage of PjOg is low, 
it may be used in low, small furnaces. The 
carbonisation may be effected in open kilns, in 
pits or in ovens in which the air for combustion 
passes from above downwards, or by external 
firing in closed vessels, in order to enable the 
volatile products of distillation to be collected. 
Peat charcoal is easily kindled, and has a calorific 
power of 6,5(K)-7,0()() g.-eal. It is not adapted 
for smelting iron, but may be used advantage¬ 
ously for gas furnaces, on account of the large 
size of the lumps, absence of clinker and the 
fact that the ash readily falls through the bars. 

Experimental work on the carbonisation of 
peat in vertical gas retorts is described in 
Technical Paper No. 4, of the Fuel Research 
Board (1921). The following yields were ob¬ 


tained per ton of peat containing about 20% 
of water: 


Carbonising temperature ®C. 

Coke, cwt. 

Tar, gallons. 

Ammonia liquor, gallons 
Ammonium sulphate, lb. 

Gas, cu. ft. 

Calorific value of gas, 
B.Th.U. per cu. ft. at 
N.T.P. 


980 

850 

5*4 

5-4 

12-6 

21-3 

95*5 

87-5 

29-2 

24-8 

14,900 

13,760 

348 

364 


(c) From Coal.—The relationship between 
coal and the fuels derived therefrom is illus¬ 
trated diagrammatically in the annexed scheme. 
The quantity of coal used for the production of 
derived fuels (excluding that gasified in gas- 
producers) in Great Britain in 1935, amounted to 
42 million tons or 18*9% of the total output, 
distributed as follows: briquetted, 0-9; pul¬ 
verised, 51; carbonised, at gasworks, 18-0, at 
coke ovens, 17-4, at low temperature carbonisa¬ 
tion plants, 0-3 ; and hydrogenated, 0-3 million 
tons. 


Diagram showing the Relationship between Coal and the Fuels derived therefrom. 


Coal. 


Secondary fuels prepared 
without chemical change. 


Briquettes 
(p. 360d). 


Pulverised 

coal 

(p. 361a). 

Oil-coal mix¬ 
tures 
(p. 364a). 


('arbonisation. 

. 


Low temperature 
(.500 to 650X’.). 

Semi-coke. 

Motor spirit. 

Fueloils.- 

Gas of C.V. 600-800 
B.Th.U. per cu. ft. 


High temperature 
(above OOO 

Gas- and metal¬ 
lurgical- coke. -- 

Motor spirit. 

Tars. 

Gas of 500-.55() 
B.Th.U. percu.ft. 
.See aho (-OKE 
MANUFACTURE; 

Gas, Uoai. 


Hydrogenation. 

Motor spirit. 
Diesel oil. 

Fuel oil. 


Gaslflcation. 

{ Producer-gas 
(p. 367c). 
Blast-furnace gas 
(p. 3766). 
Water-gas-“I 
(p. 3766). 

I 

Catalytic reactions. 

Alcohols. 

Motor spirit. 

Diesel and fuel oils. 
? Lubricating oils. 


Briquettes (patent fuel).—The inevitable pro¬ 
duction of more or less fine coal (which is often 
difficult to dispose of commercially) during 
mining has led to the development of briquetting 
processes whereby the fine material is converted 
into solid and coherent cakes which are suitable 
for burning on grates, domestic or otherwise. 
The annual world production of briquettes is 
about 50 million metric tons, of which some 36 
million (31 million from brown coal) are made in 
Germany. If the natural wax content of a brown 
coal is sufficient, it is possible to form briquettes 
without the addition of a “ binder.” The raw 
coal is crushed and then dried until the moisture- 
content is between 12 and 17%; it is essential 
that the raw material should enter the presses 
at from 30~40°C., therefore the dried material 
must be cooled to within this temperature- 
range. The next step consists in forcing the 
dri^ brown coal through on orifice by means of 
a reciprocating stamp whence it is extruded 
against a rope of previously pressed briquettes 
moving outwards. The compressed brown coal 
emerges from the press as a long bar of glossy i 


[ black fuel which, on cooling, separates into singl® 
briquettes. Such a process of “ dry ” briquet' 
ting cannot, however, always be applied to 
brown coal, and never to bituminous coals and 
anthracites; it is then necessary to supply a 
binder from external sources. The most satis¬ 
factory binders are coal-tar, petroleum pitch 
or natural bitumen because they are readily 
combustible, do not add to the natural ash- 
content of the fuel and render the briquettes 
wa^rproof. A number of other binders such as 
maize meal, farina or potato starch (together 
with a small percentage of lime) or sulphite 
liquor are used where pitchi^is either unobtain¬ 
able or too expensive; in warm dry climates 
such binders meet with some success, but the 
briquettes are not weatherproof. Inorganic 
binders such as clay, Portland cement, magnesia 
cement and lime have been used, but are open to 
the serious objection that the mineral-contont of 
the briquettes is increased. Starch may some¬ 
times be usefully employed as a substitute for 
part of the pitch (1 part of starch replaces about 
2 parts of pitch), but there is a limit imposed to 
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such replacement by the extent to which it is 
desired to produce waterproof briquettes. Ex¬ 
perimental work has been carried out in the pro¬ 
duction of briquettes from bituminous coals by 
preheating them until they become plastic and 
then applying pressure, but this process has not 
yet reached the stage of commercial develop¬ 
ment. 

When employing a binder, it should be broken 
up and fed, along with the dried coal into a 
mixer for accurately measuring out the proj)or- 
tions of the two materials, which then pass into a 
disintegrator, where they are ground together 
to the required degree of fineness. The ground 
mixture is then delivered to a vertical heater, 
where it is heated by means (^f superheated steam 
so as to render the binder plastic and adhesive. 
Thence it passes to the briquetting machine, 
where it is compressed into rectangular or ovoid 
briquettes. In the latter case, the material 
passes between two rollers on the perimeters of 
which are opposing ovoid cavities into which the 
coal/binder mixture is compressed at a maximum 
pressure of 2 tons per sq. in. 

Pulverised Coal .—The speed and completeness 
with which a fuel can be burned are a function 
of the intimacy with which it can be mixed with 
the air necessary for combustion. In this 
respect, finely pulverised coal has the following 
advantage's : (i) it may be intimately and uni¬ 
formly mixed with the air required for combus¬ 
tion and burned completely with a minimum 
excess, leading to high furnace temperatures 
and low flue losses; (ii) it can be pumped 
through pipe-lines and handled with the same 
ease as a fluid; (iii) a furnace fired with pul¬ 
verised coal is extremely flexible under rapid 
variation in the load, since the supply of coal 
can be varied almost instantaneously by 
operating a valve ; (iv) the absence of a fuel bed 
eliminates troubles due to clinker formation, 
consequently the ash content of the coal is of 
relatively little moment so far as the combustion 
process is concerned; (v) the furnace atmo¬ 

sphere' may be maintained either oxidising or 
reducing at will; this is of particular moment 
in metallurgical furnaces, since by maintaining a 
reducing atmosphere in contact with the charge, 
scaling losses are minimised. 

The range of fuels suitable for pulverising is 
very great; provided the feed material to the 
pulveriser is sufficiently dry to be free-milling, 
fuels yielding up to 40% of ash can be burned i 
in the pulverised condition with a loss of only i 
5% of combustible. While, however, such high * 
ash materials can be successfully handled, it 
must be decided by circumstances whether it is j 
an economic proposition to do so, bearing in i 
mind that extra pulverising cost is entailed in 
fine-grinding the incombustible matter, while 
at the same time, additional wear and tear 
results lead to enhanced maintenance and repair 
charges. 

Tne essential parts of a pulverised coal plant 
are means for preparing the coal, and a burner 
to deliver the fine product with the air necessary 
for combustion into the furnace. There are 
three general systems in operation, namely, the 
** central-grinding ” which was first in the field, 
the “ unit or “ direct-firing ” and the “ bin 


and feeder ” system. In the earlier form of 
central-grinding plant, there was a central mill 
house in which the coal was roughly crushed, 
dried, pulverised and stored, and from which it 
was distributed as requisite to the individual 
furnaces. In the direct-firing system, each 
furnace with its combustion equipment forms 
a self-contained unit consisting of mill and 
burner. The pulveriser receives a regulated 
feed of raw or roughly crushed coal and delivers 
the fine product direct to the funiace through a 
suitable burner; no separate dryer is employed, 
but drying may bo carried out in the mill when 
in operation by passing through it a current of 
hot air which forms the primary air supply to 
the burner. The advantages of the direct- 
firing system as compared with the older central- 
grinding system arc its simplicity, low first cost 
and the small floor space required. On the 
other hand, the direct connection of the pul- 
v€‘riser with the burner, although it makes for 
simplicity, is not altogether a desirable feature, 
since the load on the mill varies with the re¬ 
quirements of the furnace, and in the event of 
a failure of the pulveriser, the whole unit must 
be shut down while repairs are carried out. 

In the more modem bin and feeder system, 
therefore, while the intimate association of pul¬ 
veriser and furnace characteristic of the direct- 
firing system is still maintained, the storage bin 
of the older central-grinding plant is retained 
and the transport plant is so arranged that the 
product from each mill may be delivered into 
any of the several storage bins. The pulverisers 
are thus able to operate at their designed and 
most economical outputs and in the event of 
the breakdown of any mill, the bin which it 
normally supplies may be fed from one of the 
other pulverisers. 

Drying of the coal is necessary in order to pre¬ 
vent hanging up and arching in storage bins and 
to reduce the chances of spontaneous combustion. 
The capacity of a given mill is increased and the 
power consumption is diminished as the moisture 
content of the coal is reduced. During grinding, 
the temperature of the mill rises, moisture is 
driven out of the coal if not previously dried, 
and such moisture may be re-deposited in any 
parts of the system which may be inadequately 
insulated, leading to the formation of obstruc¬ 
tions consisting of wet coal in the transporting 
lines. In direct-firing plant, preliminary drying 
is of less importance than in bin and feeder 
plant, since, owing to the short passage be- 
tween the pulveriser and the furnace, the drop 
in temperature is negligible, consequently con¬ 
densation does not take place; also the coal is 
aerated and agglomeration of particles is less 
likely. In modern bin and feeder plant, 
separate dryers are less frequently installed than 
formerly; drying is carried out in the mill by 
means of hot air or hot flue gases. 

While from the point of view of combustion 
the finer the degree of grinding the better, a 
limit is imposed by the practical considerations 
that the power consumption increases with the 
fineness of the product and at the same time the 
capacity of the mill falls off. A compromise 
must, therefore, be adopted, so as to ensure such 
a degree of fineness that no particle of coal 
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shall bo sufficiently large that it will either fall 
out of the air stream or pass right across the 
furnae^} and escape im burned with the waste 
products. 

The necessary degree of fineness depends on 
{a) the density of the coal, {h) the percentage of 
volatiles, and (c) above all, the oombustion- 
volume available. The smaller the combustion 
chamber and the lower the volatile yield of the 
fuel, the finer and more uniform must be the 
grinding. 

It is found for normal coals that good furnace 
conditions are obtained if the product shows the 
following screen analysis : 

e/ 

/o 

Passing B.S. Sieve No. 44 . . 99 

„ „ „ 100 . . 85-88 

,, ,, „ 200 . . 55-65 

In bin and feeder, and central-grinding plant, 
means must be provided for transporting the 
pulverised coal, and there are two general 

methods in use, namely, by means of compressed 
air or mechanical transport. In the blowing- 
tank system, charges of coal are blown as re¬ 
quired from air-tight containers, which may he 
mounted on weighbridges. The mixture of coal 
and air is received in cyclones wdiere separation 
takes place, the coal being then delivered by 
gravity into the storage bins. In the Fullcr- 
Kinyon pumping s^^stem, the pulverised coal 
is continuously fed into a pump which consists 
of a long stt^el or cast-iron screw, driven at a 
high speed in a east-iron cylinder which dis¬ 
charges into a pipe-line through which the coal 
is transported. A small quantity of compressed 
air is injected into the coal near the point at w'hicli 
it leaves the screw and enters the pipe-line. 
The air prevents the coal from packing, thereby 
facilitating the action of the screw in forcing it 
through the delivery pipe. Pumping plant has 
an advantage over the other transport systems 
in which compressed air is used in that, owing to 
the limited amount of air which passes with the 
coal, no cyclones are required to effect separation 
of the coal and air; capital cost and space are 
thereby saved, since the coal is delivered directly 
into the storage bins. This system has been 
used for delivering coal at distances up to 
2,000 ft., and for lifts up to 100 ft. In the 
purely mechanical class is the screw-conveyor 
method of transport, in which the coal is trans¬ 
ferred by screws working in suitable troughs. 
This method was first in the field, but had the 
disadvantages that it was not easily adaptable 
to changes of direction or to lifts except those 
involving very gentle slopes, consequently it has 
generally been superseded in later plant. The 
closer association of the pulverisers with the 
furnaces, which is the present tendency, has 
minimised these objections, and the mechanical 
transport system is likely to regain its former 
popularity. 

The coal having been supplied to the furnace 
bin is passed by means of a feeder to the burners. 
The function of the feeder is to deliver the coal 
uniformly and without pulsation to the burner, 
which, in its turn, when supplied with a cor* 
rectlv proportioned mixture of cosi and air, 
should deliver a uniform mixture into the 


furnace. While there are numerous makes of 
pulverised-coal feeder, the general principle 
underlying their design is the same, namely, that 
small, equal quantities of powder are picked up 
by a suitably divided wheel or fluted drum and 
thence dropped into the stream of primary air 
on its way to the furnace. Although several 
types of pulverised-coal burners are available, 
all modern burners employ low air-pressures 
and, in general, are designed to secure a thorough 
mixture of the coal with all the air required for 
combustion near its point of entrance to the 
furnace, while some, in addition, attempt to 
secure turbulence of gases in the furnace. The 
choi(*e of a burner must be influenced pro¬ 
foundly by the furnace in which it is to be 
installed, depending on whether there is ample 
combustion space, and whether the furnace is 
provided with water-cooled or refractory walls. 

The earlier pulverised-fuel furnaces w^ere of 
conventional type, having solid refractory w^alJs, 
but erosion difficulties arising from slagging of 
the ash w ere so serious that modern furnaces are 
generally provided with walls made up of tubes 
which arc connected with the w'ater spaces of 
the boiler. The tubes may be bare and so 
exposed to the full radiation of the furnace, 
they may be embedded in refractory bricks 
which are thus cooled and prevented from over¬ 
heating, or alternatively^ they may be covered 
on the fire side by refractory cast-iron blocks 
w’hich are clamped to them. The bottom of the 
furnace i.s provided with a “ water-screen ” of 
widely spaced tubes also connected with the 
water system of the boiler; the ash thus enters 
the ashpit via a cooling zone, and is delivered 
as solid particles and not as slag. 

Instead of being water-cooled, one or more 
walls of the furnace may be cooled by passing 
the secondary air through suitable passages, 
thus simultaneously protecting the walls, and 
pre-heating the secondary air. 

In Fig. 2 (Bone and Himus, op. cit.)y the 
arrangement of a modem boiler plant fired by 
pulverised coal is diagrammaticafiy shown. It 
will be appreciated that in a water-walled 
furnace, such as is illustrated, the utmost 
advantage is taken of heat transfer by radiation, 
in fact, in certain modem plant, no less than 
85% of the heating surface is exposed to radiant 
heat, only 15% of qonvection-heating surface 
being provided. 

In the Combustion Steam Generator, the 
furnace is entirely surrounded with water-tubes 
and the burners are arranged at the corners of 
the furnace so as to deliver the coal—air mixture 
tangentially to an imaginary circle about 4 ft. 
in diameter, thus imparting a swirling motion to 
the contents of the furnace; the result is that 
the gase^s are thoroughly mixed with consequent 
rapid and complete combustion. At the Con« 
gella Power Station, Durban, two such generators 
have been installed, each designed for a con* 
tinuous evaporation of 120,000 lb. per hour and 
operating at 270 lb. per sq. in. with a guaranteed 
thermal efficiency (based on the net calorific 
value of the coal) of 90*6%. 

The appHcation of pulverised fuel to iaternaUy 
fired bolters (Lancashire and marine) has given 
rise to special problems by teason of the small 
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furnace volume. Whereas in a water-tube boiler successful operation, uniform and fine grinding 
of any given capacity the furnace can be is necessary to ensure that no particles of (‘oal 
designed to suit the fuel and method of firing, tall out of suspension before combustion is 
in an internally fired boiler, short of fitting an complete. A number of plants consisting of 
external combustion chamber (which is usually batteries of Lancashire boilers are in successful 
impracticable owing to the extra space required), operation and the use of pulverised coal for 
the furnace volume is rigidly limited by the marine propulsion is making some headway, 
size of the boiler, and attention has therefore An important development now in the stage 
been concentrated on improved burner design of large-scale ex[X'riment is the use of a sub- 
to secure rapid and complete combustion. For stantially de-ashed pulverised coal for power- 



Fig. 2.—Diagrammatic Arrangement of Modern Boiler Plant Fired by 
Pulverised Coat,. 


production in internal combustion engines of such trouble is said to have been overcome by 
the Diesel type, and already progress has been using linings made of special steel, 
made in this direction in Germany and Austria. No valve trouble has been reported, the ash 
PawUkowski, formerly associated with Diesel, (it is said) being blown through the valves as an 
maintains that to adapt a Diesel engine to pul- impalpable powder. This is a point on which 
verised coal, little alteration is necessary beyond judgment should be reserved. It would be 
the provision of a special admission valve and a advantageous to work with a pulverised coal of 
pre-combustion chamber for the fuel, and that lowest possible ash-content, such as might be 
the only serious meohanieal difficulty so far prepared by a de-ashing process; probably 
encountered has been due to leaking piston rings research on ^ the explosive properties of such 
allowing the powdered fuel aiid ash to grind fuel will lead to improvement in engine 
iM^ween the pistpn and cylinder lining; but design. 
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Oil—Coal Mixtures. “ Colloidal FueC —Al¬ 
though potential heat in the form of coal is 
generally cheaper than in the form of oil, liquid 
fuels possess certain advantages, particularly for 
marine purposes, in that they are more readily 
handled and permit more economical utilisation 
of bunker space; the thermal storage capacity 
of a given bunker is, in fact, about 40% greater 
with oil than with coal. 

A suspension, however, of finely powdered 
coal and oil is, by reason of the fact that the 
specific gravity of coal is 30-40%> greater than 
that of fuel oil, the most compact fuel known; 
thus, for example, if a coal of sp.gr. 1 *35 and 
calorific value 14,500 B.Th.U. per lb. bo made 
into a 40/60 mixture with fuel oil of sp.gr. 0-90 
and calorific value 19,000 B.Th.U. j>er lb., the 
mixture has a potential lieat content of nearly 
11-2 therms per cu. ft., as compared with 10-7 
for oil or 7-2 for coal alone. Apart from the 
greater concentration of heat in coal—oil mix¬ 
tures, other advantages are the absence of 
deterioration and self-heating to which many 
coals are liable. Coal—oil mixtures having 
specific gravities of about 104 can be stored 
under a water seal, thus reducing fire risks, 
while in the event of fire, extinguishing by water 
is possible. Although such mixtures are called 
“ colloidal fuels,” the name, though convenient, 
is not really correct since the normal size of the 
coal particles is from 1 or 2 to 65/u, whereas the 
upper limit for particles of colloidal dimensions 
is about 0*1 ;u. The first proposal to use coal— 
oil mixtures as fuel appears to have been made 
by H. Smith and H. M unsell in 1879, while 
sporadic experiments in tliis direction were 
made from time to time early in the present 
century. It was not, however, until the matter 
was taken up by the “ Submarine Defense 
Association ” in the Ignited States during the 
period 1914—18 that serious experimental work 
on a large scale was carried out. This associa¬ 
tion, under the chairmanship of Lindon W. 
Bates, carried out extensive experiments on the 
production and utilisation of such mixtures, and 
successful trials were carried out in the U.S. 
Scout Gem between April and July, 1917. Sub¬ 
sequently, trials were made by J. G. Robinson 
on the firing of locomotives on the Great Central 
Railway, after which the question of colloidal 
fuels fell into the background until interest was 
revived in 1932, when the Cmiard liner Scythia 
made the round trip between Liverpool and New 
York, successfully burning a 40/60 coal—oil mix¬ 
ture in one boiler out of the twelve which are 
normally fired with oil fuel. Since that date, 
investigations have proceeded in Great Britain 
and Germany, chiefly on the production of 
colloidal fuels, but there is very little published 
information about their combustion. 

A colloidal fuel consists essentially of a sus¬ 
pension of solid fuel in a liquid fuel, the mixture 
being suitably stabilised so that separation of 
the solid shall not take place under normal 
conditions of storage and handling at atmospheric 
temperature during (say) 6 months, or at lOO^C. 
within a few hours. 

Such stability may be realised in four ways, 
by (i) reducing the particle size of the coal; 

(ii) conferring a gel-structure on the oil by the 


addition of a suitable stabiliser or “ fixateur ” to 
the oil; (iii) using a suitable peptising agent to 
disperse the coal; or (iv) employing an oil which 
will give stable suspensions without the addition 
of a stabiliser or other special treatment. 

(i) Although the grinding of coal in oil to 
colloidal dimensions is quite feasible, the process 
is costly, and the economic limit of grinding 
appears to be smdi that from 80 to 90% will pass 
through a 200-mesh sieve or perhaps slightly finer. 

(ii) It was originally pointed out by 8. E. 
Sheppard in 1921 (J. Ind. Eng. Chern. 1921, 18, 
37) that if the stnn ture of a dilute gel be in¬ 
duced ill the oil, coal ground as above (particle 
size from 64/x downwards) might form a stable 
susjiension in oil. Such a condition may be 
realised, for example, by suitably dispersing from 
0-2-1 *0% of sodium stearate in the oil, and it is 
probable that many other stabilising agents may 
behave in this manner. 

A simple method which appears to be eft'ective 
consists in blowing air through the heated oil, 
the stabiliser being then formed by partial 
I oxidation of the oil itself. 

(iii) Certain oils, particularly tar oils of high 
boiling point, })08ses.s the power of di.spersing 
bituminous coal w hen the powdered coal is heated 
with the oil. The action of tar oils as stabi¬ 
lisers is probably based on this jiroperty which, 
in general, is not possessed by petroleum oils. 

(iv) Although, normally, petroleum oils have 
j no dispersing action on coal, the Canard Co. 

have found that certain fuel oils, particularly 
if produced by cracking processes, form stable 
suspensions with powdered coal without the 
necessity for the use of any stabiliser. The^re 
appears to be a ei^nelation bctwecni the carbon 
residue of the oil and its capability of giving 
stable .suspensions. 

An ingenious and simple method of assessing 
the stability of coal—oil suspensions has been 
devised by the Fuel Research Board (Ann. Rep. 
1935,155). A sample is plained in a long test tube 
suspended vertically in a holder so that it may 
function as a pendulum. The period of swing 
is noted, and as settlement takes place, the 
centre of gravity of the pendulum falls, with 
consequent alteration in the periodic time. 

Low TEMrERATURE CARBONISATION. 

The object of low temperature carbonisation 
of coal is to produce a free-burning, smokeless 
solid fuel with simultaneous recovery of the 
smoke-producing portions of the coal as tars, 
oils and gas. The substitution on a large scale 
of such a “ semi-coke ” for the 30-36 million 
tons of raw bituminous coal at present annually 
burned for domestic purposes would do much to 
mitigate the smoke-nuisance, while at the same 
time products which are now wasted and broad¬ 
cast into the atmosphere woilld be conserved. 
This involves the carbonisation of coal at tem¬ 
peratures ranging from 6(X) to 660°C., a problem 
which has so exercised the minds of inventors 
for the past 30 years that upwards of 200 
different designs of plant have been tried for 
the purpose, hut only a few processes haye 
achieved any commercial importance or ‘success. 

The serious difficulties presented 3y this 
problem are (i) ensuring a suffidently rapid 
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penetration of heat through the charge of an 
externally heated low-temperature retort, and 
(ii) discharging such retorts owing to the fact 
that many otherwise suitable bituminous coals 
swell considerably when carbonised at circa 
500-600®C. And even now the prospects of 
any largo extension of low temperature carboni¬ 
sation seem doubtful, unless indeed the present 
price to consumers, of the resulting semi-coke 
can bo substantially reduced. 

The yields of products obtainable by car¬ 
bonising a ton of suitable bituminous coal at 
500~650°C. will depend partly upon the coal 
itself and the temperature and largely upon the 
type of plant employed; in externally heated 
retorts the yields from typical British bituminous 
coals, with total volatiles at 900°C. ^^30-35%, 
arc likely to be as follows : Gas —3,500-6,000 cu. 
ft. of calorific value 600-800 B.Th.U. per cu. ft., 
or efjuivalent to (say) 30-40 therms, and con¬ 
taining I OO2 4—5, 00 4—11, 5, 

2 mostly CH4) 30-50, Hg 15- 

30and N2 4-5%. Tar and 0/7.v~15-20 gallons 
consisting of (1) 7ieutral oils (35-50%) mainly 
unsaturated hydrocarbons with also some 
naphthenes and paraffins but little benzenoid 
hydrocarbons, (ii) tar acids consisting chiefly 
of phenols, and (iii) bases (1~2% only). On 
distillation to 360°C., the tars leave a residue of 
from 25-40% of soft pitch containing much less 
free carbon than does that yielded by high- 
temperature tars. Light Spirit —About 3 
gallons altogether are obtainable by scnibbing 
the gas and distilling tiic tar. Ammonia— 2-^ ^ 
lb. (equivalent to about 8 to 12 lb. of sulphate) 
as a w^eak liquor, of little (ommercial value. 
Semi’Coke —About 15 cwt. 

The requisites of a satisfactory semi-coke for 
domestic purposes hjc that it shall be smoke¬ 
less, free-burning, low' in ash yield, robust 
enough to withstand handling and transport 
without undue breakage, uniform in texture, 
and that its retail price shall be comparable 
with that of a good house coal. In order to 
produce a good domestic semi-coke, the coal to 
be carbonised must have suitable caking 
qualities, although it by no means follows that a 
strongly caking coal is suitable, because at a 
carbonising temperature of 5(K)-600°C. strongly 
caking coals are apt to be highly swelling, and 
to give a very intumescent and weak semi-coke 
difficult to remove from t'he carbonising chamber. 
The rate of penetration of heat into a charge of 
coal in a^retort is correlated w'ith its tendency 
to swell, therefore any treatment which will 
reduce the swelling of the coal will, at the same 
time, improve the rate of heating. Control of 
the swelling characteristics may be accom¬ 
plished either (i) by destruction of any excess 
of the “ binding ” constituent over that required 
to give a strong semi-coke, or (ii) by absorbing 
such excess by the addition to the charge before 
carbonisation of a weakly or non-caking coal, 
or coke-breeze. Destruction of the excess binder 
may be brought about by partial pre-oxidation 
of the coal, e.gr. by heating it in a current of air 
to about 150°C. {** Carbocite process ”) or alter¬ 
natively by pre-heating the coal to a tempera¬ 
ture of something less than 400*^C. for a suitable 
period. Each treatment has the effect of re¬ 


ducing the caking index of the coal, the first by 
oxidation, the second by thermal action alone. 
As, however, the available supply of such 
strongly coking coals is not unlimited, it seems 
preferable to reduce proportionally any ex<;088 
binder present by suitably blending the coal 
with some appropriate non-coking material such 
as coke-breeze, or a non-coking coal. 

The great variety of the designs proposed for 
low Uunperature carbonising retorts has arisen 
from the desire to improve the heat-transmission 
and to avoid any trouble from swelling, and in 
some cases also to ensure larger oil-yields. 
Broadly speaking, the general lino of attack has 
been in the direction of carbonising the coal 
either in thin layers, with or without agitation, 
in extc'rnally heated retorts, or in retorts em¬ 
bodying some form of internal heating. 

The Barker or “ Coalite " retort consists of 
twelve vertical tapered tubes of six^cial cast-iron 
each 9 ft. long, 4J in. diameter at the top and 
55 in. at the bottom, (‘ast eyi bloc^ in two staggered 
rows of six w ith common gas-collecting chamber 
and oflT-take at the top, as showm in Fig. 3 (Bone 
and Himus, op. cit.), and a chamber at the 
bottom in which the semi-coke from each charge 
cools during carbonisation of the succeeding 
charge. The retorts are usually set in batteries 
of 32 and heate^d by gas burnt in combustion 
chambers built between the retorts so that no 
flame comes into contact with the retorts. As 
showm in Fig. 3 hot air enters the setting through 
the duct A and ports B, while gas enters thro\igh 
the firebrick burner C and holes D. The com¬ 
bustion is completed when the hea ting gases enter 
the main flue E, which contains a recuperator 
to pre-heat the coTubustion air; the charge per 
retort is about 6 cwt. and carbonisation occupies 
from 3J to 5 hours, depending on the coal used 
and the temperature of the heating chamber, 
which may vary from 500 to 70(FC. The rich 
gas from the retorts passes to an electrostatic 
precipitator for the removal of oil and mist. 
Ammonia is next removed in an acid-washer, 
w'hich is followed by a water-cooled condenser. 
After passing through an exhauster, the gas is 
scrubbed for the recovery of light spirit, and 
finally passes to a storage holder. 

The yields per ton of suitable coal are approxi¬ 
mately : Coalite, 14 cwt.; coal oil, 18 gallons ; 
crude spirit (scrubbed from the gas), gallons ; 
ammonia, 3-4 lb.; gas, 4,000-5,000 cu. ft. of 
about 750 B.Th.lT. per cu. ft., or 30-37-5 therms, 
of which about 25 therms wmuld required to 
effect the carbonisation. Four large plant are 
operating: (i) at Barugh, nearly Barnsley, 

consisting of 5 batteries of 32 retorts each; 

, (ii) at Askern Main colliery near Doncaster, 
where there are 6 batteries each of 36 retorts; 
(iii) the East Greenwich works of the South 
Metropolitan Gas Co., consisting of 5 batteries, 
each of 36 retorts; and (iv) at Bolsover, Derby¬ 
shire, where there are 288 retorts. By far the 
greater part of the semi-coke made in Groat 
&itain is produced by these plant. 

The Fuel Research Board have developed a 
“ slot ” type of vertical retort 7 in. by 6 ft. 6 in. 
at the top, tapering to 11 in. by 6 ft. 6 in. at the 
bottom and 21 ft. high. The retort is built 
of firebrick, and has been worked at tempera- 
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tures from 600 to 700®C.; it may be operated kinds of coals, the through-put per retort per 
either continuously or semi-intermittently. The day being from 5 to 10 tons according to whether 
through-put may be as much as three times that strongly or weakly coking coal is being treated, 
attained with a cast-iron retort of the same The heat in-put required to carbonise 20 tons of 
dimensions operated at 6(X)°C., the yields of medium-coking coal per day in two such retorts 
tar and gaseous therms being both materially is remarkably low, being only 19*8 therms per 
increased at the expense of the. semi-coke. ton. 

Experiments have been carried out with all The Babcock and Wilcox retort is an example 
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of a plant in which internal heating is practised, 
preliminary treatment of the coal to modify its 
swelling characteristics being also applied. The 
coal is first preheated to 130*^0. for about 
16 minutes on a chain-grate stoker by means of 
hot gases from a special combustion chamber, 
and is then discharged ma sealing valves on to a 
scraper-conveyor which distributes it uniformly 
over the surface of the fuel bed in the rectangular 
retort below. The fuel l)ed is about 3 ft. deep 
and is supported on six hydraulically-operated 
rollers of special cast-iron, which continuously 
discharge the semi-coke into hoppers from which 
it is passed over rotary screens on which it is 
quenched. Carbonisation is carried out by 
passing superheated steam and hot combustion 
products (from the burning of the gas generated 
in the process) at a temperature of between 6(X) 
and 700'^C. The volatile products are passed 
through an appropriate recovery plant, and after 
removal of light spirit the scrubbed gas is 
finally returned to the plant for heating the 
retort. The yields obtained per ton of coal in a 
test carried out by the Fuel Research Board in 
such a retort when carbonising 29*8 tons of 
Hartley Smalls per day were : semi-(ioke, 15 04 
owt.; tar, 16-8 gallons; light spirit (trom gJis), 
2-6 gallons; ga4s, 38,700 cu. ft. of 27 gaseous 
therms. 

Semi-coke is an excellent domestic fuel; 
readily ignited and smokeless, the radiant effi¬ 
ciency is about one-third higher than that of 
coal and slightly above that of anthracite or 
high-temperature coke. Assuming good house 
coal and semi-coke to coat 50*'. and 60«. per ton 
respectively, the approximate costs of radiant 
heat per therm are 8-9d. from coal and 8 0d. 
from semi-coke. 

Low-temperature tars, by reason of their 
content of phenofic bodies (approximately 30%) 
have a relatively low calorific value, from 15,500 
to 15,600 B.Th.U. per lb, compared with 18,600 
to 19,600 B.Th.U. per lb. for crude petroleum. 
They form, however, good raw material for 
hydrogenation and may thus be converted to 
motor spirit (free from tar acids) and Diesel oil, 
the yield of motor spirit under suitable conditions 
being up to 76%. 

The following statistics apply to the British 
low-temperature carbonisation-industry in 1935 : 
coal treated, 0*33 million tons; semi-coke pro¬ 
duced, 0*26 miUion tons; tar produced, 5*3 
million gallons; crude spirit scrubbed from gas, 
0*88 million gallons ; gas produced, 1,658 million 
cu. ft., equivalent to a yield of 32-3 therms per 
ton of coal. 

High Tempeeature Carbonisation. 

Coke is the solid product of the high tempera¬ 
ture carbonisation of coal. It varies consider¬ 
ably in external character. For metallurgical 
purposes, the best coke is compact, heavy, 
homogeneous, with bright light-grey surface. 
It contains, besides carbon and ash, small 
quantities of hydrogen (0‘2“l-2%), oxygen 
(traces and up to 1 or 2%), and organic sulphur 
(total 8 0*8-“l*8%). The best cokes contain 
upwards of 90% of carbon, less than 8% of ash, 
and should have a metallic ring. Coke is only 
B%htly hygroscopic, and when thoroughly dried 


does not absorb more than 1-2% of moisture 
from the atmosphere. The moisture in coke 
put on the market should not exceed 3%. The 
calorific value of dry coke containing 90% of 
carbon and 0*5% of hydrogen is about 7,450 
K.C.U. per kg. (13,410 B.Th.U. per lb.). The 
greater portion of the coke manufactured at 
coke oven plants is disposed of for metallurgical 
purposes, while that made at gasworks (after 
the requirements of the works for heating the 
retorts and for produc tion of water-gas have been 
supplied) finds a ready sale to industrial and 
domestic consumers. The latter market has 
expanded to such an extent during recent years 
that in 1937 there w^as a shortage of supplies. 
For further details, see Coke Manufacture 
and Ga.s, Coal. 

Gasification of Coal, (a) Producer-Oas .— 
For the cheap and rapid production of gaseous 
fuel for industrial purposes, there is no better 
process than the gasification of solid fuels (peat, 
bituminous coal, coke or anthracite) by means 
of a mixed air-steam blast (sometimes air alone 
is employed) in some form of gas “ producer,” 
whereby the fuel is (‘onverted into gas containing 
some 35"45% of combustible constituents (CO, 
H and CH,). A modern gas producer consists 
of a cylindrical furnace, 6-12 ft. internal dia¬ 
meter and 16-15 ft. high, lined with fire-brick 
with an outer mild stc^el casing, and usually 
water-sealed at the bottom. Means are provided 
(1) for the introciuetion of the blast through 
some form of grate or twyer fixed immediately 
above the level of the w'ater in the seal, and its 
regular distribution through the bed of incan¬ 
descent fuel (usually 3-5 ft. in thicknetss) which 
rests upon a lower bed of ashes; and (2) for the 
charging in of the raw fuel through (usually) 
some form of bell hopper fixed centrally on the 
top of the producer, round which are arranged a 
number of equidistant poking holes closed by 
iron balls. The gas outlet is fixed near the top 
of the cylindrical furnace. Taking as a typical 
example a producer working with a mixed air- 
steam blast on a common bituminous (;oal, the 
chemistry of gasification may be epitomised as 
follows. When a fresh charge of fuel is dropped 
into the furnace, it first of all undergoes a process 
of distillation on the top of the fire, whereby 
H, CH4, tarry hydrocarbons, CO, together 
with small quantities of NH3, HgS, etc., are 
evolved, probably in much the same proportions 
as in the ordinary retort distillation of coal; 
olefines and higher paraffins are, however, so 
rapidly decomposed that they do not, as a rule, 
appear in the gas passing out of the producer. 
The carbonaceous residue (coke) is subsequently 
completely gasified in the lower layers of the 
incandescent fuel-bed, by interaction with the 
ascending air-steam blast, yielding a mixture of 
CO2, CO, H and N, together with further 
small proportions of N Hg and C H4. The propor¬ 
tions of CO2, CO and H leaving the incandescent 
coke-bed depend upon the steam-saturation 
temi)erature of the blast, which also largely 
determines the temperature gradient through¬ 
out the fire. In order to understand fully the 
chemistry of vthe process, it is necessary to 
consider separately the interaction between 
incandescent carbon and air and steam respec- 
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lively. In a solid-bottom producer operated 
with a dry-sdr blast, the initial action of the 
oxygen upon the incandescent carbon is 
rapidly succeeded by the reversible reaction 
2C0^C+C02 in which the state of equili 
brium is a function of both temperature and the 
partial pressures of the CO and COg. It can 
be demonstrated that the time required for the 
establishment of this equilibrium, at the tern 
peratures which prevail in the fuel bed, is far 
shorter than that occupied by the gaseous mix 
ture in traversing the fuel. According to Rhead 
and Wheeler’s experiments (J.C.8. 1910, 97, 
2718), the equilibrium in the system 
2C0^C+C02 


at atmospheric 

pressure 

varies with tempera- 

ture as follows: 
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850° 
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98*68 

1,050° 

0*37 
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results which are 

in agreement with the thermo- 


dynamical equation 

19,500 ^. C\:o , 

-+ log,^^--20-4. 

-labs. t-/0O» 

As the change from 2CO to CO2 involves a 
diminution in volume, it can be predicted 
on thermodynamical grounds that a lowering 
of the partial pressures of the COg and CO, 
consequent on dilution with N in the pro¬ 
ducer gases, will affect the equilibrium in the 
same direction as an increase in temperature, 
i.e. it will tend to increase the ratio CO/COg at 
any given temperature. The temperatures in the 
active zones of the fuel bed of an air-blown pro¬ 
ducer gasifying coal or coke may vary between 
1,250° and upwards of 1,4(K)°, and with good 
coke it is easily possible to generate a gas con¬ 
taining 0-5 COg, 33*0 CO, 1'5 H, and 65 0% N, 
But since the combustion of carbon to CO libe¬ 
rates approximately 30% of its total heat of 
combustion, not only would the thermal effici¬ 
ency of the gasification in an air-blown producer, 
reckoned on the cold gas, be low, but the high 
temperatures in the fuel bed would cause 
serious clinkering troubles in cases where the 
fuel leaves a fusible ash. In the Thwaite 
cupola producer (30 ft. high and 6 ft. internal 
diameter), where a dry-air blast, forced in 
through a series of twyers near the bottom, is 
employed, it is usual to add a certain proportion 
of limestone to the fuel charge in order to form 
a liquid slag with the ashes, which is tapped at 
intervals through a slag-notch. Working on a 
Lancashire slack coal, this producer yields a gas 
containing 2 0 COg, 29 0 CO, 6-35 H, 2*05 CH^, 
61*6 N, of cal. value 130*8 net, and 138*7 gross, 
B.Th.U. per cu. ft. at 0° and 760 mm. 

Steam reacts with carbon in two ways, 
namely, 

(1) C-f2H20-=C02+2H2, and 

(2) C+HgO-CO+Ha, 

and both reactions are strongly endothermic. 
A,t 500-600® (1) predominates; as the tempera¬ 
ture rises (2) gradually asserts itself, until at 
1,000® and upwards it occurs exclusively. The 


function of the steam in a gas producer is, there¬ 
fore, to absorb some of the heat liberated during 
the partial “ air combustion ” of the carbon to 
CO by doing chemical work, thereby raising the 
potential energy of the resulting gas at the ex¬ 
pense of some of its sensible heat. Incidentally, 
also, clinkering troubles wdth a fusible ash are 
greatly diminished by the admixture of steam 
in the blast. Where a large proportion of steam 
is insed, the composition of the resulting gas is 
appreciably affected by the reversible system 
CO~f H20 ;f^C 024" Hg, of which the equilibrium 
constant, 

COxHgO 

COgxHg ’ 

increases w*ith temperature (according to O. 
Hahn, K-0-81 at 786°, 1*54 at 986°, and 2*10 
at 1,205°). The operation of this reversible 
reaction must also be considered when a pro¬ 
ducer gas passes through the hot re^generators of 
an open-hearth furnace. 

The influence of varying blast-steam satura¬ 
tion temperatures upon the composition and 
yield of the gas from a Lancashire bituminous 
coal containing C 78*0, H 5*4, S 1*0, N 1*4, 
O 10*0, ash 4*2%, and yielding 36% vola¬ 
tiles at 900°, is shown in the tabulated results 
at the top of th(‘ next page of a series of gas- 
producer trials (each extemding over a con¬ 
tinuous period of 100-130 hours) carried out by 
Bone and Wheeler in 1906-7 (J. Iron and Steel 
Jnst. 1907, i, 126 1908, ii. 206). 

In these trials it was also proved (1) that 
on gasifying an ordinary bituminous coal by 
means of a mixed air-steam blast, about 92*5% 
of the carbon in the fuel is converted into per¬ 
manent gas (COg, CO and CH4), another 6*3% 
appears as tar, and the remaining 1*2% is 
lost in the ashes. These proportions are inde¬ 
pendent of the blast-steam saturation tempera¬ 
ture. (2) That w’ith blast-steam saturation 
temperatures up to and including 55°, the 
whole of the steam in the blast is decomposed 
in passing through the fuel bed; as the satura¬ 
tion temperature is raised above this limit, the 
proportion of the steam decomposed pro¬ 
gressively diminishes, although the absolute 
quantity (per lb. of fuel) increases. (3) That 
increasing the effective depth of fuel bed beyond 
3 ft. 6 in. has no influence upon either the com¬ 
position of the gas or the practicable rate of 
gasification. (4) That the thermal efficiency of 
the gasification reaches a maximum at blast- 
steam saturation temperatures between 60° and 
60°, and that the best quality of gas for furnace 
purposes is produced with a saturation tempera¬ 
ture of 50°. 

In gas generated for furnace purposes it is 
important that the CO content should be as 
high as possible, and that the H content should 
not exceed about 12-14%*; moreover, for a 
regenerative furnace-supply the gas leaving the 
producer should be in a hygroscopic condition 
such that the proportions of C02» CO, H and 
HgO shall substantially conform to the equili¬ 
brium ratio corresponding to the highest tem¬ 
perature of the regenerator (say 1,200°), namely, 

COxH.O 
CO,^ 
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Average depth of in¬ 
candescent fuel . . 

8 feet 6 inches. 

7 feet. 

Average rate of gasifi¬ 
cation (day-shift) per 
hour per producer 

22-5 cwts. 

11-5 cwts. 

Steam-saturation tem¬ 
perature of blast . 

45“ 

50“ 

55“ 

60“ 

70“ 

60“ 

65“ 

70° 

75“ 

80° 

Percentage 
composition of 
the gas. 

^Carbon dioxide 
Carbon mon¬ 
oxide 

Hydrogen . 
Methane . 
Nitrogen 

235 

31-60 

11-60 

3-05 

51-40 

2- 50 

30-60 

12-35 

3- 00 
51-55 

4-40 

28-10 

15-45 

3-00 

49-05 

5-10 

27 30 
15-50 
3-05 
49-05 

9-25 

20-85 

19-75 

3-45 

46-70 

5-25 

27-30 

3 6-60 
3-35 
47-50 

6-95 

25-40 

18-30 

3-40 

45-90 

9-15 

21-70 

19-65 

3-40 

46-10 

11-65 

18-35 

21-80 

3-35 

44-85 

13-25 

16-05 

22-65 

3-50 

44-55 

Total com- 
^ bust! bios 

46-2 

45-95 

46-60 

45-85 

44-05 

47-25 

47-10 

44-75 

43-50 

42-20 

(Jaloriflc value of') 
the gas, B.Th.TT, 1 Orosa 
per cubic foot at f Net 
0° and 760 mm. J 

180-0 

170-5 

178-5 

168-7 

J80-H 
169 1 

178-7 
166 9 

175-5 

161-0 

185'6. 

173-0 

185-4 

172-0 

177-5 
163 3 

172-0 

157-3 

169-5 

154-3 

Yield of gas, cubic feet, 
at 0° and 760 mm. 
l)er ton coal . 

133,700 

132,500 

132,700 

135,000 


138,250 

134,400 

141,450 

145,800 

147,500 

Stfjam added to blast, 
lbs. per lb. coal . 

0-2 

0-21 

0-.32 

0-45 


0-45 

0-55 

0-80 

1-10 

1-55 

Percentage, steam de¬ 
composed .... 

100 

100 

100 

76-0 

- 

87-0 

800 

61-0 

52-0 

40-0 


This latter requirement is fulfilled by a gas euii- 
taining 2*5 CO2, 30*6 CO, 12-35 H (such a.s may 
be generated with blast-steam .saturation tem¬ 
perature of 50'^), and leaving the producer in a 
hygroscopic condition corresponding to satura¬ 
tion at 20'^. Such a gas will leave the producer 
heavily charged with tarry vapours, and at a 
temperature of 500-600”; it usually passes on 
to the funiace through large mains lined with 
fire-brick, without being cleaned or cooled, ac¬ 
cumulations of tar, soot, etc., in the mains being 
burnt out in a current of air at the end of each 
week’s run {v. also W. A. Bone, “ Producer Gas, 
with special reference to Steel Works Require¬ 
ments,” Journ. W. of Scotland Iron and Steel 
Institute, 1911). 

In gas generated for power purposes, the 
actual composition is not so important, provided 
that the total content of combustible constituents 
is high, and in such cases the gas may be gene¬ 
rated under conditions permitting of the 
recovery of a large proportion of the N in the 
fuel as NH3. A gas supply for internal- 
combuation engines must be both thoroughly 
cleaned and cooled down to atmospheric tem¬ 
perature before delivery to the engine. 

The main points to be considered in relation 
to gas-producer design are: (1) the easy and 
accurate control of the blast-steam saturation 
temperature; (2) a suitable form of grate or 
twyer which should permit of a rapid rate of 
gasification, together with uniform distribution 
of the blast, through the fuel bed; (3) the con¬ 
tour of the furnace body; and (4) the arrange¬ 
ments for charging the producer and removal of 
the ashes. One of the earliest forms of gas 
producers (Ebelmen, 1840) was of the cupola 
type, in which charcoal or coke was gasified, 
with a positive blast introduced through twyers, 
limestone being added to the charge (if necessary) 
to flus: the ash. In 1845 Ekman, a Swedish iron- 

VoL. V.—24 


master, designed a furnace and producer com¬ 
bined, for which the fuel was charcoal. The 
producer itself consisted of a cylindrical fire¬ 
brick chamber, enclosed in an iron casing, a 
space being left between the brickwork and the 
easing through which the air suj)ply was admitted 
and preheated on its way to the fire. In 1861 
the brothers Siemens patented their well-known 
producer for use in connection with their new 
regenerative furnace. This producer consisted 
of a fire-brick chamber, rectangular in section, 
the front of which was inclined at an angle of 
45-60°, provided with a grate at the bottom, 
through which a current of air was induced. 
Below the grate was a trough of w ater, which, 
on evaporation, by heat radiated from the 
grate, added a certain proportion of steam to 
the induced air supply. Subsequently the front 
of the producer was closed by an iron door, and 
the air supply forced in under the grate by 
steam injection. This producer was the first to 
successfully gasify a bituminous coal; it was 
capable of generating a fairly good quality of 
gas, but its rate of gasification was low. In 
1876 Messrs. Brooke and Wilson patented a 
producer consisting of a cylindrical chamber 
having a solid hearth, but no fire bars. The 
mixed air-steam blast was obtained by steam 
injection, and w'as introduced into the fuel bed 
by means of a box-shaped casting which 
traversed the middle of the hearth. In 1882 Mr. 
Wilson patented a form of generator on which 
ash and clinker were automatically removed by 
means of two worm screws revolving in a water 
seal. Water-sealed producers have now almost 
entirely superseded the older solid or bar- 
bottom types. 

The Duff producer (Fig. 4) may be cited as 
a wet-bottoBapd producer of simple design; it 
consists of a cylindrical chamber A, 7-10 ft. 
internal diameter, with a 9-m. fire-brick lining 
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within an outer steel shell. At the bottom of the 
lining is a circular angle-iron casting, which dips 
into the water seal in the trough EB. The 
Buff ” grate, or blast grid, C, is a //\-8haped 
structure, with transverse grids extending as a 
ridge across the producer immediately above the 
water seal; the air-steam blast enters the space 
beneath the grate, and the grid ensures its uni¬ 
form distribution over a considerable area of the 
fuel bed. 7'he latter (which, as a rule, extemls to 
a height of about 3 ft. above the apex of the 
grate) is supported upon a bed of ashes, which 
extends downwards from the grate level into the 
water trough. In the lower part of the shell of 
the producer, and on a level with the grate. 



SECTION THROUGH WATER SEAL. 



cleaning doors BD are provided. The fuel is 
charged intermittently into the furnace through 
the belled hopper E, and the gas outlet is at F; 
the dotted lines at GG indicate poking holes. 
Ashes are withdrawn from the water trough at 
regular intervals in quantity corresponding to 
the rate of accumulation in the furnace. A pro¬ 
ducer of 10 ft. internal diameter will gasify 
10 cwt. of coal per hour, or about 15 lb. per sq. 
ft. of fire area. 

In Fig, 5 is shown one of the earlier forms of the 
Mond producer, which, although designed with 
special reference to ammonia-recovery practice, 
is eminently adapted to all working conditions. 
The chief features about this producer are 
(1) the annulus A between the inner fire-brick 
lining and outer steel shell through which the 


incoming preheated air-steam blast passes before 
reaching the grate; (2) the hanging bar grate B, 
which takes the shape of an inverted truncated 
cone, with spaces between the bars for the 
admission of the blast, an arrangement which 
ensures an adequate grate area and a very 
uniform and effective distribution of the blast 
in the fuel bed ; and (3) the large bell 0 at the 
top of the produt^er below the charging hopjwjr 
1 ), which is supposed to expedite the preliminary 
distillation of the raw fuel. The Mond producer 
is usually worked^ with a very deep fuel bed, 
as indicated in the diagram, but if the bell C be 
dispensed with, a much shallower fuel bed may 
be used with advantage, 

"J’o secure the best results from a gas prodiic(‘r, 
continuity of operation is essential; the coal 



should be charged regularly, in small quantities 
and evenly spread over the fuel bed. Irregular 
charging of coal in large quantities results in 
sudden chilling of the upper layers of the fuel 
bed and, in consequence, increased COg in the 
gas. Furthermore, it is desirable that the 
removal of ash and cUnker should take place 
with minimum disturbance of the fuel, since this 
tends to channelling of the bed, while small 
pieces of clinker are liable to be Hfted into the 
active combustion zone where they would tend 
to grow by accretion. 

TJie Morgan “ Qua Machine^'' which is largely 
used in steel works, is illustrated in Fig. 6. The 
object of the plant is to carry out gas making 
with minimum disturbance of the fuel bed. The 
body of the producer and the ash-pan are 
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revolved mechanically, the top remaining 
stationary, a water seal ensuring a gas-tight 
joint. Coal is continuously fed into the pro¬ 
ducer by a drum which is divided into quadrants 
and by reason of the fact that the fuel bed re¬ 
volves, is distributed over the surface thereof. 
The surface of the fuel bed is continuously 
levelled by two water-cooled levelling bars sus- 
petjded by trunnion-joints from the top plate 
of the producer. 

The air-steam blast is admitt(?d via a central 
mushroom-shaped twyer. The fish-reraoval 
device consists of a spiral bar ending in an ash- 
plough which revolves with the producer. 
When it is required to remove ashes, the plough 
with the spiral bar is stopped for one (iomplcte 
revolution of the producer, 
and then automatically 
released to revolve again 
with the producer. 

Such a producer, 10 ft. in 
diameter, will gasify .3,(K)0 lb. 
of coal per lionr, the power 
consumpti(»n being only 
\ brake horse-power. 

The Fov)er (Jas (Corpora¬ 
tion'^ Mechanical Producer- 
(ias Plant ,—One of the latest 
power-gas producers with 
automatic; feeding and ash 
discharge is shown, together 
with its gas-cleaning accc^s- 
sorics, in P'ig. 7. It consists 
of a steel shell, the upper 
part of which is lined with 
refracitory brick, while the 
lower portion is provided 
with a water-jacket which 
functions not only as a boiler- 
in which the steam necessary 
to saturate the blast is 
generated, but also as a 
cooling agent round the 
primary combustion zone 
which tends to prevent 
formation of clinker on the 
walls. 

The Koiler grate which is 
concentric with the producer 
shell is built up of special 
cast-iron rings, superposed 
one above the other, the 
space between forming hori¬ 
zontal ports for the even 
distribution of the blast. 

The grate is securely bolted 
to the rev«»Iving ash-pan, 
the floor of which slopes 
outwards. Spiral riba, which are cast on to 
the ash-pan, shear the bottom from the column 
of ash and force it outwards under the cast 
steel seal ring which carries several ash hooka 
against which the larger masses of clinker 
are broken up. The ash is automatically dis¬ 
charged over a steel plough bolted to the seal 
ring, the equal spacii^ of the ash hooks round 
the ring ensuring its oven removal. Fuel 
is ehtti^ed to the producer by means of a 
meehsmeally-operated feeding device. 

When coal is gs^sified in the producer the hot, 


crude gas contains both dust and tarry matter. 
For firing certain furaaces the hot, crude gas can 
be utilised as suck; but for other purposes the 
gas must be cleaned. 

Jn the producer plant illustrated, the hot, 
crude gas is first passed through a Lymn washer 
in which it is cooled by means of water sprayed 
in at the top of the tower and dust and some of 
the tar are removed. 

The Lymn washer consists of a tower with a 
vertical stationary shaft located in the centre, 
fitted with a series of distributing cones at suit¬ 
able distances from each other functioning in 
conjunction with a corresponding series of 
inverted truncated clones attached to the casing 
and serving as collecting devices. Water is 


sprayed in at the top of the tower and gas 
enters at the bottom. Thin sheets of w'ater fall 
alternately from the distributors to the col¬ 
lectors and vice versa and are atomised in the 
form of a fine spray actually driven by the gas— 
itself flowing in a zig-zag path in the opposite 
direction—on to the collectors or distributors 
where the spray again forms into sheets of 
descending water. The whole of the gas is thus 
brought into contact with the water several 
times before leaving the tower. 

After leaving the washer, the cooled gas passes 
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into gas cleaning fans, in which it comes into 
contact with a fine spray of water which causes 
the fine dust and tar particles to coalesce and 
settle out. Final cleaning is carried out in a 
dry scrubber, this consists of a box containing 
perforated trays which are packed with wood 
shavings. The wood shavings act as a filtering 
medium and the finest parti<.‘les of tar are re¬ 
moved from the gas, which is then cold, clean 
and suitable for all industrial and power 
purposes. 

The composition of the gas obtainable when 
gasifying bituminous coal (nut size), with the 
blast-steam saturation temperature about 
is: 

CO2 50, CO 28-2, Hg 15-3, CH4 3*2, N2 
48-3%. 

Calorific value (gr088)-^183 B.Th.U. per cu. ft. { 
atN.T.P. 

Several other leading makers of producers 
have successfully designed similar mechanical 
revolving grates for the automatic removal of 
ashes and these, have been employed on large 
installations in steel works and the like. 

J^"or the cleaning and cooling of producer gas 
for gas engines, various anangements of plant 
are employed, comprising usually (1) a dust- 
catching chamber, (2) atmospheric condensers, 
usually of annular type, (3) water-sprayed coke 
or “ hurdle ” scrubbers, (4) water-sprayed fans 
or tar extractors, and finally (5) sawdust scrub¬ 
bers or other equivalent devices for removal of 
tar fog. 

Blowing Arrangements .—All large gas-pro¬ 
ducers are blown on the pressure system, either 
by means of steam injection or, preferably, by 
a suitable fan or blower, steam or electrically 
driven. The pressure required is usually only 
from 3 to 6 in. water gauge, according to the 
thickness of the fire. In the case of a blower- 
Ijroduced blast, the requisite steam is introduced 
through a lateral opening into the air duct a few 
feet before it enters the producer. Perfect con¬ 
trol and adjustment of the steam-saturation 
temperature of the blast is of the utmost im¬ 
portance from the point of view of felficient and 
uniform working. 

For small (up to 200 fl.P.) power installations, 
producers in which the blast is induced by the 
suction of the engine cylinder (“ suction pro¬ 
ducers ”) are now largely employed with anthra¬ 
cite or coke as fuel. The first successful attempt 
to operate a producer by suction in conjunction 
with a gas engine was made by L6on Benier in 
1896, who employed a suction pump, placed side 
by side with the engine cylinder and driven by 
means of a connection with the fly-wheel axle. 
Soon afterwards the suction stroke of the engine 
itself was substituted for the Bonier suction 
pump, thus cheapening construction and at the 
same time reducing frictional losses. 

By the year 1901 “ Suction-Gas Plant ” were 
established on the market. Such a plant (as 
illustrated in Fig. 8) consists of the following 
essential parts : (1) a generator A of cylindrical 
section lined with fire-brick in which the fuel is 
gasified by means of an air^^team induced 
draught. The fuel i$ introduced through an air¬ 
tight feeding hopper B, which drops it into a 


storage and distillation bell C, situated within 
the geneiator. The fire rests upon a horizontal 
grate under whicih is a shallow chamber, X), with 
a solid bottom, and a lateral opening communi¬ 
cating with the air and steam supplies. (2) A 
vaporiser, E, fixed either within or without the 
upper part of the shell of the generator, in which 
a regulated water supply is vaporised, usually at 
the expense of some of the sensible heat of the 
hot gas leaving the generator, or sometimes by 
the heat of the fire. (3) A water-sprayed coke- 
scrubber, F, for cooling and washing the gas, and 
(4) an expansion box G, which serves the double 
purpose of a gas reservoir for the engine, and, on 
the auction stroke, of minimising the pulsations. 

The generator is started up by kindling a wood 
fire on the grate with a layer of coke or anthracite 
above. The fire is blown up by means of a 
hand fan, which is a necessary auxiliary to the 
apparatus. During the starting-up period the 
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products of combustion are sent into the atmo¬ 
sphere through a vent pipe, but as soon as a rich 
enough gas is generated (about 20-30 minutes 
from the start) the engine is started and the fan 
is shut off. 

A typical “ suction gas,” generated from gas 
coke, with air saturated with steam at 51*7°C., 
contained 

CO2 616, CO 25-45, Hg 13-10, CH 4 0-30 and 
Ng 56-00 %, 

its net calorific value being 127 B.Th.U. per cu. ft. 
at O^C. and 760 mm. 

The thermal efficiency of the gasification, 
allowing for the power required to draw the gases 
through the system, and based on the net calorific 
values of the coke and gas respectively, is about 
78-5%. The fuel consumption on a suction 
plant is about 1 lb., or even slightly less, per 
B.H.P. developed, the water consumption for 
scrubbing the gas being about 1-2 gallons per 
B.H.P. 

Ammonia Recovery Systems. —^In 1889 
Ludwig Mond, in his Presidential Address to the 
Society of Chemical Industry, described how 
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he had evolved a new system for generating pro¬ 
ducer-gas from bituminous coal slack under con¬ 
ditions which permitted the recovery of as much 
as 70-6 lb. of ammonium sulphate per ton. The 



the producer with a blast-steam saturation tem¬ 
perature of 85®C., the mixture of air and steam 
being pre-heated to about 250*C, before it enters 
the fuel bed. There is carried into the producer 


by the blast about 2 lb. of steam for every 1 lb. 
of coal gasified. One-third only of this steam is 
decomposed by interaction with carbon in pass¬ 
ing through the fuel bed, the remaining two- 
thirds passing with the hot gases out of the 
producer. The outstanding features of the pro¬ 
cess are (1) that, owing to the cooling influence 
of the large proportion of steam in the blast upon 
the fuel bod, the low temperature interaction 

C+2H20-COa+2H2 

predominates over the high temperature re¬ 
action, C h HgO- CO f Hg, BO that the resulting 
gas has a high hydrogen and low carbon mon¬ 
oxide content as compared with ordinary pro¬ 
ducer gas ; and (2) that for economical working 
it is necessary that the large proportion of steam 
leaving the producer shall be conserved to the 
system by some efbci(‘nt recuperative arrange¬ 
ment. From a coal containing between 1-2 and 
l*b% of nitrogen, it is possible to obtain up to 
90 11). of ammonium sulphate per ton, together 
with up to 150,000 eu. ft. of gas (at 0“ and 
760 mm.), of calorific value about 150 gross and 
135 net H.Th.r. per cii. ft. at 0*^ and 760 mm., 
containing : 

COg 170, CO 11-0, H.g 24-0, CH4 3 0 and 
Ng 45 0%. 

In the original Mond System of Amtnonia 
Recovery and steam recuperation, the gas left 
the prodiKicr heavily charged with steam and 
tarry vapours at a temperature usually between 
50() and 600'C. It then traversed the central 
tubes of a series of three annular “ Super¬ 
heaters,” indi(!ated by B in the diagram (Fig. 9), 
each about 20 ft. long. The incoming steam-air 
blast passed through the annulus between the 
central and outer tubes in the reverse direction. 
The temperature of the gas was thus reduced to 
bt^tween 300 and 4(X)‘^C., while that of the 
blast was raised to about 250°(J. Further 
superheating of the blast occurred as it subse¬ 
quently traversed the annulus between the inner 
and the outer steel casiiigs of the producer 
itself. The partly cooled gas next passed 
through a long rectangular and water-sealed 
chamber (the “ mechanical washer ”) C, where 
it encountered a water spray thrown up by a 
aeries of revolving -dashers, by which means 
dust, soot and a large amount of heavy tar were 
removed, and the gas itself was further cooled 
to about KKFC. It next passed up the lead- 
lined scrubbing tower 1), packed with per¬ 
forated bricks or tiles, down which an acid 
liquor containing ammonium sulphate plus 2*5% 
of sulphuric acid was sprayed, the volume of 
liquor being so adjusted in relation to the up¬ 
ward flow of gas that the latter left the tower at 
a temperature of 80°C. and free from ammonia. 
The liquor from the bottofn of the tower, D, 
ran into an open tank provided with suitable 
partitions, in order to eliminate from it any 
small quantity of surface tar. To the main bulk 
of the circulating liquor was added a regulated 
quantity of sulphuric acid, after which it was 
again pumped up to the top of the acid tower D. 
A portion of the liquor was, however, removed 
from the circuit and evaporated to crystallieing 
point in a special vacuum evaporator heated 
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means of steam pipes. After separation of 
ammonium sulphate, the mother liquor was 
pumped back into the main liquor circuit. The 
ammonia-free gas, on leaving the acid tower at 
80°C., was passed up the “ gas-cooling tower ” 
G, whore it encouhtered a downward spray of 
cold water, so regulated that, while the gas was 
cooled to about 60°C., the water was heated to 
between 75 and 78°C. 

The gas passed thence onwards to the place of 
consumption, a second water-sprayed cooling 
tower being previously used in orde?r to cool the 
gas to 30'^C., at which temperature it contained 
only 4% by volume of water vapour. When, 
however, the gas was intended for engines, it 
was further c;ooled to within a few^ degrees of 
the atmospheric temperature, and was also 
passed through a sawdust scrubber to remove 
last traces of tar. 

The hot water from the “ gas-cooling tower ’’ 
was passed through a tar separator, after which 
it was pumped up to the top of the “ air- 
saturating tower ” K, down which it was 
sprayed. The air blast for the producer was 
forced up this tower by means of a blower. In 
this w’ay the blast w'as heated to, and saturated 
with steam at at the expense of the hot 

water. A further quantity of live steam was 
added to the air blast as it passed forward to 
the superheaters in order to raise its steam- 
saturation temperature to 85^0. The chief 
drawback of the original Mond kSystem was the 
large capital outlay involved, which rendered 
ammonia recovery un})rofitable unless either 
the amount of coal gasified exceeded about 180 
tons per week or the fuel was very cheap and 
contained more than 1*5% of nitrogen. More¬ 
over, the gas, being rich in h.ydrogen and poor 
in carbon monoxide, was not well suited for 
open-hearth st-^^el- or glass-melting-regenerative 
furnac'es. Successful efforts have been mad(^ to 
reduce the capital (rost of the plant by sub¬ 
stituting the expensive lead-lined vertical acid 
tower by rectangular horizontal washers, con¬ 
structed of steel or iron work and nuidered 
resistant to the acid liquor by special treatment, 
and numerous Mond plant on these modified 
lines have been erected. 

In the Power Oas Corporation or Lymn System 
the hot crude gas passes through a vertical dust 
washer I (Fig. 10) in which it is cooled by hot 
water nearly to its dew point-, and the bulk of 
the dust is removed. It then passes to a Lymn 
washer 2, in which it is washed with a liquor con¬ 
taining a little free sulphuric add, and this re¬ 
moves the ammonia at an absorption efficiency 
of 05-99%. The top of the washer is provided 
with a coke filter to prevent the carrying forward 
of acid spray. The hot gas is next w^ashed with 
water in Lymn w'asher No. 3, from which the hot 
water passes directly into washer No. 5* in 
which it is cooled by the air on its way to the 
producers, the air thus becoming simultaneously 
saturated with moisture and heated. Final 
cooling of the gas is carried out in Lymn washer 
No, 4, and the gas washing fans 6, one of which 
may be supplied with absorbing oil to remove 
light spirit* If for use in gas engines or small 
fumaoesy the ga« is p{^^ through sawdust 
&criibbex<s 7. The solution of ammonium sul¬ 


phate from 2, when of sufficient strength (sp.gr. 
1-J8-1'2) is passed to a storage tank 13, and 
thence to the va(!uum evaporator 14, from which 
the salt is delivered to the centrifugal dryer 16. 
Nos. 8 and 9 are tanks and pumps respectively for 



circulating the liquor and water ; 10 is a tank for 
the storage* of tar, which is subsequently 
dehydrated to about 2% moisture in 11, from 
which it is charged into barrels, 12. 15 is a jet 
condenser in which the vapour driven off from 





376 


FUEL. 


the liquor in 14 is condensed. The air-blast to 
the producer is taken into the system by a 
blower, saturated with water vapour as already 
described, and finally pre-heated at the expense 
of part of the sensible heat in the gas from the 
producer. 

In the Power Gas Corporation Low Tempera¬ 
ture System, the prodiuier is operated with a 
very deep fuel bed (about 60% greater than in 
the Mond plant) so that (a) the coal in the 
upper part of the fuel bed is subjected to low tem¬ 
perature carbonisation by internal heating, and 
(b) the time of contact of the steam with the 
fuel is increased, leading to lower steam-require¬ 
ments for a given recovery of ammonia, higher 
thermal-efficiency of the process, higher yield of 
tar and improved quality of gas. The chief 
modifications in the producer arc an increase 
in height relative to the diameter and adaptation 
of the gas offtake. 

Typical Results obtained in the Mond ! 
AND Pow ER Gas Corporation Low Tem¬ 
perature Processes. I 


Assumed fuel analysis. Volatiles 37-0, Ash 12-0, 
N 1-4%. Net calorific value--12,000 B.Th. 
U. per lb. 



Mond. 

PoM'cr Gas 
(’orporation 
Low 

Temperature. 

Gas. 

Cu. ft. per ton . 

co,% .... 
co% .... 

H,%. 

CH4% .... 

N,%. 

Calorific value. 
B.Th.U. per cu. ft. 
net at N.T.P. . 

133,500 

16*0 

11*0 

25*0 

2*7 

45*3 

136 

118,000 

8*3 

20*5 

20*5 

5*5 

44*9 

182 

Ammonium sulphate 
recovered. 

Lb. per ton . 

Tar. Gallons per ton. 

90 

10 

90 

21 

Thermal efficiency of 
producer. 

Including tar 
Excluding tar . 

74 

68 

923 

80 

Steam, from outside 
sources, required per 
ton of coal. Tons . 

1*9 

1*05 

Water-Gas v. Gas, Water. 

Blast* Furnace Gas. —The blast-furnace, by 
virtue of its mode of operation, inevitably be¬ 
haves as a huge gas-producer, upwards of 60% 
of the potential heat in the coke leaving the 
furnace as potential heat in the blast-furnace 
gases, and in consequence, much attention has 
been paid to the efficient utilisation of such heat. 
The composition of gas issuing, at 260~300®C., 
from a modem coke-charged blast furnace under 


normal smelting conditions will usually be within 
the following limits: 

COg 10-13, CO 26-30, Hg 1-2 and Ng 68- 
60%. 

Its specific gravity is practically the same as 
that of air; its gross calorific value when dry 
may be taken as practically 100 B.Th.U. per 
cu. ft. (or about 880 kg.-cal. per cu. metre) at 
0 °C. and 760 mm., or 95 B.Th.U. per cu. ft. 
(or about 840 kg.-cail. per cu. metre) at 15*^ and 
760 mm. It burns with a feebly luminous 
greenish-blue llamo, and requires 0-7 of its own 
volume of air for theoretically complete com¬ 
bustion resulting in products containing 25% of 
carbon dioxide. 

It leaves the furnace heavily charged with 
dust; and although the coarser and heavier 
particles are deposited in “ dust-catchers ” 
inserted in the down-coming gas-main from the 
furnace, as well as in the gas-flues leading there¬ 
from, there still remains about 5 g. per cu. m. or 
nearly 0-3 lb. per 1,000 cu. ft. of fine dust. 
A Cleveland furnace with an output of 1,000 
tons of pig-iron per week will produce about 
1,113,000 cu. ft. of such gas per hour with 
a potential heat content of some 1,113 therms, 
and a sensible heat (assuming a temperature of 
250°C.) of 88-6 therms. Leaving the sensible 
heat out of consideration, the potential heat in 
the gas if burned in a gas-engine working at 
25% efficiency, would be capable of developing 
continuously no less than 10,850 brake horse- 
powder. This very large suf)ply of energy is 
utilised in three ways, (i) to pre-heat the blast, 
(ii) to generate the power necessary to produce 
the blast and to work the hoists, and (iii) for 
other purposes such as the generation of elec¬ 
tricity or, mixed with coke-oven gas, for firing 
re-heating furnaces and the like. Whether it 
is to be used for production of power or for the 
firing of hot-blast stoves, it is advantageous that 
the gas should be cleaned to reduce the dust- 
content. Suitable limits are between 0-3 and 
0-5 g. of dust per cu. m. if the gas is to be 
employed for firing boilers or for heating the 
hot-blaat stoves, and 0 01 g. per cu. m. prior 
to use in gas-engines. The average efficiency of 
utilisation of uncleaned blast-funiace gas when 
burned under Lancashire boilers was, according 
to observations since 1914, not over 60% even 
under the most favourable conditions, whereas 
in recent practice cleaned gas when burned 
under water-tube boilers has enabled efficiencies 
exceeding 80% to be realised. Similarly, the 
efficiency of hot-blast stoves has been raised 
from about 66 to 83%. 

Preliminary cleaning of the gas to a duet 
content of from 0-3 to 0-5 g. per cu. m. has been 
accomplished by electrostatic cleaners of the 
Lodge-Cottrell type, very little loss of sensible 
heat taking place, the cost being given as about 
0'028d. per 1,000 cu. ft. Before the gas can be 
used in gas-engines, however, further cleaning 
is necessary, successful results being obtained 
by filtering it as in the Halberg-Beth plant which 
is illustrated in Fig. 11, The slightly warm gas 
is fliltered through bags made of a special fabric, 
arranged 12 in a compartment with a mechanism 
for periodic shaking, whereby its dust content 
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may be reduced to below 0*005 g. per cu. m. 
One such cleaning plant at Frodinghara in 
Lincolnshire, with a total rated capacity of 4 
million cu. ft. per hour, reduces the dust content 
of 3 million cu. ft. of gas per hour down from 
0 g. to between 0*003 and 0*005 g. per cu. m. 

The operating costs of cleaning the gas to a 
dust content below 0*05 g. per cu. m. by the 
foregoing methods are said to be of the order of 
O Oti;^. to O-lOd. per 1,000 cu. ft. 

Blast-furnace gas, when cleaned to the degree 
already mentioned, is eminently suitable for use 
in large gas-engines, and modern engines of 
from 2,000 to 5,000 H.P. when coupled to elec¬ 
tric generators have an over-all efficiency of 
not less than 25% at the switchboard and are 
widely used for the purpose. Further economy 
is possible by recovering part of the waste heat 
in the gas-engine exhaust in waste-heat boilers 
which may be advantageously fed with the hot 
water leaving the cylinder-jackets of the engine. 
Gas which is in excess of that recpiired to heat 
the blast and for power-generation is frequently 
mixed with coke-oven gas to give a mixed gas 
the calorific value of which is about 105 B.Th.r. 
per cu. ft., the mixture being used for firing | 
open-hearth steel-furnaces and the like. The 
maximum economy, however, can only be 
effected in self-contained works in which coke- 
ovens, blast-furnaces and steel works are con¬ 
centrated on the same site. For a more detailed 
development of this subject, ,s‘cc W. A. Bone and 
G. W. Himus, “ ('oal, Its Gonstitution and 
Uses," 1930. 

Liquid Fuels from Coal. —Liquid fuels may 
be derived from coal in several ways as indicated 
in the scheme on p. 360. 

(1) By carbonisation at high or low tempera¬ 
tures, between 2 and 3 gallons per ton of low- 
boiling spirit suitable for use in spark-ignition 
internal combustion engines are obtainable by 
fractionating the tars and scrubbing the gases; 
the low tcmp<iraturc tar is suitable for use as 
fuel oil although its calorific value is appreciably 
lower than that of fuel oil derived from petroleum 
(some 9,000 kg.-cal. per kg. as compared with 
over 10,000). On the other hand, low tem¬ 
perature tar may be hydrogenated to give about 
80% by volume of motor spirit and 20% by 
volume of Diesel oil. 

(2) By hydrogenation; this subject will be 
treated under “ Hydrogenation of Goal.” 

(3) An alternative method of producing liquid 
fuels from coal which is attracting a good deal 
of attention is that known as the “ Fischer- 
Tropsch ” process which operates at atmospheric 
pressure. The process consists in synthesising 
aliphatic hydrocarbons from water-gas or a 
gaseous mixture containing carbon monoxide 
and hydrogen in the ratio of 1 /2, Such a mixture 
may be obtained by blowing a water-gas gene¬ 
rator with 10 cu. ft. of coke-oven gas per lb. of 
steam which givea a gas containing 60, 
CO 30, Ng and other gases 10%; 330 cu. ft. 
of coke-oven gas and 12 lb, of steam are used 
for every 1,000 cu. ft. of gas produced. The j 
gas must be purified from dust, HoS and finally i 
from organic sulphur, which should not exceed 
0*2 g. per 100 en, m. (0087 grains per cu. ft,). 
The gas is passed through a reaction chamber 


containing an appropriate catalyst. The most 
effective catalysts belong to the 8th group and 
contain either Ni or Co. The catalysts diminish 
in activity ow'ing to impregnation by waxes 
which must be periodically removed by solvents. 
Successful operation depends mainly on the 
catalyst and maintenance of uniform temperature 
(about 200°C.) during the exothermic reaction, 
some (KK) kg.-cal. per cu. m. (67*3 B.Th.U. per 
cu. ft.), or 20% of the potential heat of the gas 
being liberated. The catalysts employed by the 
Ruhr-Chemie A.-G. are said to require re¬ 
activation at the end of 3 months and ai*e made 
by precipitating such materials as Ni-Th, Ni- 
Mn-AI or Co-Th on infusorial earth. 

Theoretically, about 1*4 gallons of oils (sp.gr. 
0*76) should be yielded by 1,000 cu. ft. of gas; 
the highest yieki reported is 72%. Typical 
products arc as follow's : 



lt.pt. 

Weight, 

Olefines, 

<0* 

Low* boiling frac¬ 
tion .... 

<30 

4 

50 

Koga 8 i n / ” j 
(motor spirit) . 

30-200 

62 

30 

K ogn 8 i n 
(motor spirit) . 

>200 

23 

10 

Hard and soft 
waxes 

... 

11 



The principal fraction, Kogasin I, consists 
mainly of paraffins and hcru e has a low octario 
number, but by treatment with 0*8 ml. lead 
tetraethyl per litre the octane number may be 
raised to 78 which is that of “ Ethyl ” spirit. 
The heavier oil, by reason of its high paraffin 
content, is ideal for Diesel engines. It is reported 
that lubn(*ating oils are obtainable from the 
highest-boiling and intermediate fractions by 
suitable treatment. A Fischer plant to make 
25,0<K> tons of petrol per annum was started in 
April, 1936, for the Braunkohle-Benzin A.-G. at 
Brabag, Kuhrland, and is to be extended to 
make 15(),(K)0 tons per annum, brown coal 
briquettes being used in the producers, while the 
Rheinpreussen Go. at Homberg (Rhineland) are 
to make 30,000 tons of petrol per annum from a 
mixture of coke water-gas and coke-oven gas. 
Further information on the subjects dealt with 
in this section may be obtained from papers by 
K. Gordon (J. Inst. Fuel, 1935) and F. Fischer 
{ibid. 1936). 

Literature. —J. Percy, “ Metallurgy,” Intro¬ 
duction, Refractory Materials and Fuel, J. 
Murray, London, 1875; E. J. Mills and F. J. 
Rowan, “Fuel and Its Applications,” J. and A. 
Churchill, London, 1889; S. fcj. Brame and 

J. G. King, ” Fuel: Solid, Liquid and Gaseous,” 

K. Arnold, London, 1935; W. A. Bone and 
G. W. Himus, ” Coal, Its Constitution and Uses,” 
Longmans, Green & Co., London, 1936; E. Erd¬ 
mann and M. Dolch, “ Die Chemie der Braun- 
kohle,” 1927; R. T. Haslam and E. P. Russell, 
“ Fuels and Their Combustion,” McGraw-Hill 
Book Co., New York, 1926; G. W. Himus, ” Fuel 
Testing,” Leonard Hill, London, 1932; W. 
Gibson, “ Coal in Great Britain,” E. Arnold, 
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London, 1927; J. P.' Di(!kie, “ The Coal Problem. 
A. Survey 1910-1936,” Methuen, London, 1936; 
C. (1. Hyde and F. E. Mills, “ Gas C-alorimetry,” 
E. Benn, London, 1932; Reports and Bulletins 
of the U.8. Geological Survey, the U.S. Bureau 
of Mines, the University of Illinois and the 
CWiadian Department of Mines; Reports of the 
British Association Fuel Economy Committee, 
1916, and the Coal Conservation Committee, 
1918; H.M. Fuel Research Board, Survey and 
Technical Papers and Special Re'ports. 

B. Petroleum and Shale Oil. 

It has already been shown on p. 331c that in 
1935 the fuel requirements of the world in¬ 
cluded some 235 million metric tons of crude 
petroleum (to which also should be added a 
relatively small prope)rtion—probably not ex- 
c<*eding a million tons^ e^f shale oil), or approxi¬ 
mately 15% by weight. The calorific value of 
petroleum, however, is such that between 25 
and 30% of the total fuel-energy re<|uirements 
of the world were supplied by petroleum. 
There are certain purposes {e.g. for automobile 
and aero-engines) for which volatile hydrocarbon 
oils are employed without displacing coal, while 
in other directions (es])ecially in marine pro¬ 
pulsion), there has been direct replacement of 
coal by oil, all the navies and much of the 
mercantile marine of the world using oil, either 
for steam-raising or else in internal combustion 
engines. The advantages of oil for marine work 
include : (i) high thermal-storage value leading 
to economy of space; (ii) ease and rapidity in 
bunkering; (hi) flexibility, giving ready arnl 
immediate response to varying loa<l8 ; (iv) possi¬ 
bility of forcing boilers to extreme duties in case 
of emergency; (v) absence of smoke under 
normal working conditions, coupled with ability 
to produce smoke screens in case of need; 
(vi) abolition of stoking; an<l (vii) ability to 
secure and maintain higher speeds than would 
be possible with coal firing. 8ome of these 
advantages are also of value in relation to loco¬ 
motive-boiler firing, especially in countries 
(United 8tateH, Russia) where petroleum is 
abundant. In the Report issued by the ILS. 
‘‘ Liquid Fuel ” Board in 1904, the relative all- 
roiind efficiencies of oil and good steaming-coal, 
from the naval point of view, are estimated to 
be as 18/10, whilst Mr. James Holden, loco¬ 
motive superintendent of the Great Eastern 
Railway, in giving evidence before the Royal 
Commission on Coal Supplies (1905), stated that, 
according to his experience, petroleum fuel oil 
had, weight for weight, approximately twice tht‘ 
steam-raising power of coal in locomotive boilers. 
The latter estimate is probably based on the best 
rather than on the average results obtained with 
oil fuel, but certainly the ratio is not less than 3/2. 
Moreover, weight for weight, oil occupies much 
less space than coal, and further, oil does not 
deteriorate on long keeping as does coal. 

The world production of shale oil is relatively 
of very little importance. In 1932, which is the 
last year for which complete returns are avail¬ 
able, 3’8 million metric tons of oil shale were 
produced, Manchuria and Scotland each supply¬ 
ing about 1-4 million tons; from 1*41 million 
Imperial tons raised in Scotland in 1936, 30^ 


million gallons of crude oil and crude naphtha 
were obtained, so that the shale-oil output from 
3*8 million metric tons would probably be 
between 50 and 100 million gallons, or, say, from 
to 3 million barrels. The produed.s from 
Scottish shale oil are; naphthas 10, burning 
oils 16, wax 9, heavy fuel oil 54, loss 11%. 
The (calorific value of the fuel oil ranges from 
10,900 to 11,100 kg.-cal. per kg. 

in applying oil to boiler and furnace work 
generally, the fuel must be ” atomised ” and 
delivered into the combustion chamber in the 
form of a fine spray in order to secure intimate 
mixing with the air required for combustion. 
Atomisation may be brought about in three 
ways, (i) by ste^arn, (ii) by air at high- or low- 
pressure, and (iii) by me(‘hani(‘al means, the oil 
being forced through a suitable orifice under 
pressure. The relative advantages of the three 
systems may be summarised as follows : Steam 
atomisation is particularly convenient for oil- 
fired boilers and in plant where a supf)ly of dry 
steam is (constantly available, moreover where 
oils of high viscosity are to be burned, the (ul is 
preheated by the steam used for atomisation. 
Air-atomisation has the obvious advantage that 
the atomising material is usefully employed in 
the subsequent (combustion and stack losses are 
not (as with steam) augmented by the atomising 
agent; generally speaking, low-pressure air 
(about 8 oz. per sq. in.) is preferable to air at 
higher pressures since not only is it cheaper 
but, in addition, a higher jnoportion of the total 
air required for (.combustion is delivered with the 
oil into the furnace ; mechanical atomisation 
rc(piirt‘s no steam or air lines in addition to the 
oil-supply pipe and less energy is required for 
atomisation tlian with steam or air: on the 
other hand, the plant is more (*ostlv owing to the 
extra strength of pipes and pumps which is 
necessary, the plant is less fl(‘xible in respect 
of varying load since the quantity of oil passed 
by a given orifice does not vary greatly with 
change of oil-pressure. 

In addition to fine atomisation of the fuel and 
its intimate mixture with the air required for 
combustion, it is necessary that the furnace 
volume should be ample in order that (.*om- 
bustion may be completed before the products 
come into contact with relatively cool metallic 
surfaces, otherwise serious loss of heat will arise 
from the escape of incompletely burned gases 
and vapours. Oil requires per unit of weight 
from 25-30% more air for complete combustion 
than coal, and in addition all the combustion of 
oil takes pla(‘e in the free combustion space of the 
furnace, whereas with coal approximately half 
of the combustion occurs on the grate and only 
half in the combiiHti(m space. For further 
details as to fiquid fuels generally, see J. 8. 8. 
Brame and J. G. King, ” Fuel,” E. Arnold, 
1935 ; R. T. Haslarn and R. P. Russell, ” Fuels 
and Their Combustion,” McGraw-Hill Book Co., 
1926 ; and “ The Scien(’e of Petroleum,” Oxford 
University Press. 1938. 

G. W. H. 

FUEL OIL {see above and Vol. Ill, 423d). 
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F U K U GI . The Japanes© dyestuff ‘ ‘ fukugi, ’ ’ 
obtained from the bark of the Garcinia spicata 
or Xaiithocynim ovaUfoUua, has been employed 
to a considerable extent as a mordant dyestuff 
in Japan. The extract of the bark is sold in 
the form of brittle rectangular cakes of a 
yellowish-brown colour. 

A. G. Perkin and Phipps (J.C.S. 1904, 85, 56) 
isolated a colouring matter, fukugetin, minute 
canary-yellow prismatic needles, m.p. 288-290", 
to which they assigned the formula Ci 7 Hj 20 g. 
(now believed to be C 24 HiQOa, v. infra). Jt 
dissolves in alkaline sohitions with a yellow 
colour and gives with lead acetate an orange- 
yellow precipitate. By fusion with alkali, 
phloroglucinol and protocatechuic acid are 
obtained. The bromine compound forms minute 
flat needles, m.p. 280". 

Fukugetin has similar dyeing properti(‘,s to 
luteolin, and also resembles this colouring 
matter in that its alkaline solution is not 
oxidised on exposure to air. 

Jn addition to fukugetin, Shinoda (J. Pliarm. 
8 oc. Japan, 1926, No. 535, 69; 1927, No. 541, 
35; 1932, 52, 167) obtained a second colouring 
matter, gurcinin, CjgHjgOg or CjgHjgOg, or 
C 28 H 20 O 10 (now believed to be CigHj^Og, v. 
infra), winch decomposes at 254" and differs 
from fukugetin mainly in its solubility in alcohol. 
The (‘olour reactions of the two substancrcs with 
sulphuric acid are similar, and both yield, on 
reduction with magnesium and hydrochloric 
acid, a purple colour indicating the presence of 
the V'Pyrone nucleus. When fused with alkali, 
garcinin, like fukugetin, gives phloroglucinol and 
protocatechuic acid. 

The following derivatives of fukugetin arc 
described: diaceiyl, m.p. 252-254"; triacetyl, 
m.p. 272-273°; and tetra-acetyl, m.p. 160°; 
the tetra-acetyl compound is probably hlentical 
with the triacetyl derivative, m.p. 160°, of 
Maniwa (Chiba Yakugaku Si, 1924, No. 2). 

Fukugetin hexamethyl ether, m.p. 202-204°, is 
converted by treatment with alcoholic potas¬ 
sium hydroxide into a phenolic substance, m.p. 
202°, a yellow compound, m.p. 227-228°, which 
gives with magnesium and hydrochloric acid a 
red coloration, veratric acid and an acid, m.p. 
215-216°, giving a violet coloration with ferric 
chloride. 

When decomposed by 50% potassium 
hydroxide in an atmosphere of hydrogen, fuku¬ 
getin yields acetic acid, anhydrofukugetin, 
CigHigOg, m.p. above 300°, fukugenetin, 
C 19 H 14 O 7 , m.p. 205°, phloroglucinol and 
garcinol, yellow needles, m.p. 308°. 

Acetylation of anhydrofukugetin gives acetyl- 
fukugenetin, m.p. 265°, whilst methylation and 
ethylation yield meihylfukugenetin, m.p. 204°, 
and ethylfuktigenetin, m.p. 171-172°, respec¬ 
tively. 

Fukugenetin or anhydrofukugetin are con¬ 
verted by tr€)atment with 50% potassium 
hydroxide into acetic acid, 3:4-dihydroxyaceto¬ 
phenone, garcinol and an acid, m.p. 198°. 

According to Shinoda and Ueda (J- Pharm, 
Soo. Japan, 1933, 58, 167), garcinol contains 
three phenolic hydroxyl groups, a double bond 
and a lactone ring. The triacetyl derivative, 
m.p. 202^^; tribenzoyl compound, m,p. 224°; 


trimethyl ether, m.p. 168*5° ; derivative, 

m.p. 242-243°; and dihydrotrimethyl ether, 
m.p. 95 °, arc described. By fusion with alkali, 
phloroglucinol and an acid, m.p. 182°, are 
formed, whilst oxidation of the trimethyl ether 
I gives anisic acid, and the authors assign the 
formula CigHjgOg to garcinol and suggest 
structural formulae for garcinol and fukugetin. 

On the other hand, Murakami and Irie (Proc. 
Imp. Acad. Tokyo, 1934, 10, 568) show that 
garcinol, obtained together with fukugenetin 
and 3:4-dihydrc)xyacetophenono by treating 
fukugetin with 50% potassium hydroxide solu¬ 
tion, has the formula and readily 

yields a dihydro-derivative by catalytic reduc¬ 
tion. When treated with methyl sulphate and 
potassium hydroxide, it is converted, by opening 
of the lactone ring, into pentamethylgarcinol 
hydrate, m.p. 142-143°, which was proved by 
synthesis to bo the methyl ester of a-earboxy- 
2:4:6:4'-tetramethoxy8tilbene. Garcinol is, there¬ 
fore, 2-p-hydr()xybcnzylidenc-4:6-icWcoumarone: 

OH 

—CH C_ 

I 

oc 

X 



HO( 


Fukugetin arul garcinin are considered by 
Murakami {ibid. 1932, 8 , 500) to be isomers of 
the forimila ^22*^16^8* ^jfh methyl sulphate, 
these substances give crystalline pentayneihyl 
ethers, decomposing at 141-143°, both of which 
contain three hydroxyl groups (Zerevitinov), 
and with boiling alcoholic potassium hydroxide 
yield veratric^ acid, a little anisic acid and a 
phenol, Ci 5 HgO(OH) 3 (OCH 3 ) 3 , to which 


MeO( 



OH 

HC— 

Meol 

\ 

IV. 


^H 


-CO CH, OMe 


JOH 


formula (IV) is assigned. 

Shinoda and Ueda {l.c.), however, suggest that 
garcinin is a monoacetyl derivative of fukugetin, 
whilst Murakami and Irie {l.c.) finally conclude 
that it is impure fukugetin. 

The composition of fukugetin is stated by 
Murakami and Irie {l.c.) to be C 24 H 13 O 9 
instead of 0 . 22 ^ 16^8 previously suggested. 
By acetylation with acetic anhydride and sodium 
acetate, tetra-acetylanhydrofukugetm, 

m.p. 273-274°, is obtained, whereas methy¬ 
lation with methyl sulphate yields anhydro¬ 
fukugetin tetramethyl ether, m.p. 252-254°. 

With diazomethane, fukugetin gives the 
pentamethyl ether, m.p. 202 °, which is rapidly 
converted by hot 5% alcoholic potash into iso- 
fukugetin pentamethyl ether, m.p. 136°, previously 
described as fukugetin pentamethyl ether. The 
« 8 o-derivative yields with methyl sulphate iso- 
fukugetin hexamethyl ether, m.p. 188°, which is 
stable to potassium hydroxide solution, but is 
transformed into fukugetin pentamethyl ether 
by hydrochloric acid. The isomerisation of 
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fukugetin pentamethyl ether to its i^o-derivative 
is due to the change of the group : 

-CH-CH-CO- 

\o/ 

to 

-~CH-C(OH)—CO— 


Since fukugetin is soluble in potassium 
hydroxide solution and is precipitated therefrom 
by carbon dioxide, it does not contain a carboxyl 
group or lactone ring, and the following struc¬ 
tural formula is assigned to this colouring 
matter: 


-CH—CH—CO- 

\o/ 


HO CO 


Fukugenetin and isoFtikugenetin. —By heating and Irie (Bull Chern. Soc. Japan, 1936, 11, 288) 
fukugetin with 50% potassium hydroxide solu- obtained a mixture of two substances, fuku- 
tion in an atmosphere of hydrogen, Shinoda genctin and inofukuyeMetin, m.p. above 380^; 
(lx.) isolated, amongst other products, fuku- these are considered to be c.is-trans isomers of 
genetin, an isomer of fukugetin. Employing the formula: 

30% aqueous potassium hydroxide, Murakami 


HO CO 


Fukugenetin and t^ofukugenetin could not be 
separated directly, but by methylating the mix¬ 
ture with methyl sulphate the hexayyiethyl 
derivatives, m.p. 208 and 199-200‘\ respectively, 
were produced, and these were separated by 
fractionation from alcohol. The presence of a 
carboxyl group in i^ofukugenetiri was proved by 
boiling hexamethylMofukugenetin with 10% 
potassium hydroxide solution, by which means 
an acid, C 2 gH 2409 » -58-260', was produced. 

Treatment of the mixture of the two isomers 
with alcoholic sulphuric acid gives fukugenetin, 
which is unaffected, and aiihydroimfukugenetin, 
^ 24 ^ 14 ^ 8 ’ «bovc 380”; the latter is 

reconverted into wofukugenetin by hydrolysis 
with 10% potassium hydroxide solution at room 
temperature. During the formation of anhydro- 
t^ofukiigenetin one active hydrogen is lost since 
only a triacetyl derivative, m.p. 267”, is obtained 
by acetylation with acetic anhydride and sodium 
acetate. 

Mcthjdation of anhydro?’.sofukugenetin yields 
pervtametkylimfukyigenetin, m.p.l 78-5-179”,which 
contains one active hydrogen and is converted 
into the hexamethyl derivative by further 
methylation. 

Dyeing Properties. —According to Perkin and 
Phipps (Z.C.), fukugetin yields the following 
shades on mordanted fabrics : 

Chromium. Aluminium. Tin. Iron. 

Dull orange- Orange- Bright Olive- 

yellow. yellow. yellow. brown. 

The dyeing properties of fukugi are analogous 
to those of weld. The similarity in shade, in¬ 
deed, is so marked that, except in point of 
strength—^for fukugi is a stronger dye than 
weld—it is impossible to distinguish between 
them. 

A. G. P. and E. J, C. 


FULLER’S EARTH. (Fr. Terre d foulon, 
Ger. Walkerde.) A term applied to a varit^ty of 
clay-like materials which possess in common the 
property of adsorbing grease and oil, and hence 
arc used by fullers for (leansing woollen goods. 
They vary in colour with dull shades of grey, 
yeUowish, bluish or greenish, and are soft, with 
an earthy appearance. They are greasy and 
unctuous to the touch, and do not adhere to 
the tongue. When a lump of the dried earth 
is placed in water, it presents a very curious 
appearance as it crumbles down to a fine 
powder; and is not plastic like ordinary clays. 
Mineralogically th(‘y appear to be mixtures ; few 
approximate to kaolinite (Al 203 - 2 Si 02 - 2 H 20 ) 
in composition, and many may be referred to the 
“ smectite ” of A. Breithaupt (1841), a greenish- 
grey clay from (^illy in Styria. Optical and X- 
ray data (P. F. Kerr, 1932-37) indicate that 
montmorillonite is an important constituent and 
A. Brammall and J. G. C. Leech (Geol. Mag. 
1940, 77, 102) conclude that montmorillonite is 
the main constituent (76-90%) of Niitfield 
fuller’s earth. The chemical composition varies 
widely, and is no guide to the commercial value 
of the material, which depends rather on the 
physical state of aggregation. Sp.gr. l*75~2-5; 
n 1*485-1-532. Plots of analyses of clay 
minerals of the fuller’s earth group show a range 
in the ratio SiOg^AlgOg from 4*.5 to 9 (S. I. 
Tomkeieff, Min. Mag. 1933,23,463). A suggested 
formula is 

a:[9Si0a*6(Mg,Fe",Ca)0*12Ha0]4- 

2/[9Si03*2(AI,Fe")203*12H20] 

(J. de Lapparent, Compt. rend. 1936, 201, 481). 

The following analyses are of: I, smectite 
from Cilly, Styria (P. F. Kerr, Amer. Min. 1932, 
17, 196); II, bluish-grey fuller’s earth from 
Nutfield, Surrey (P. G. Sanford, (3eol. Mag. 
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1889, 458, 626), on material dried at 100® with 
a k)«« of 21A'J% water; 13-33% of all the solid 
constituents, except silica, are soluble in acid; 
III, yellowish fuller’s earth from Nutfield, 
Surrey (P. G. Sanford, 1889), on material dried 
at 100® w’ith loss of 29*56% w^ater; 10*73% 
solids, soluble in acid; IV, from Attapulgus, 
Georgia, r.S.A. (P. F. Kerr, Amer. Min. 1937, 
22, 543); V, from Martvili, Georgia, l^S.S.R. 
(A. A. Tvaldchrclidze, Bull. Fniv. Tiflis, 1923, 
k 334; Mineralogical Abstiacts, 1926, 3, 68); 
VI, from Tehachapi, California (P. F. Kerr and 
E. JM. Cameron, Amer. Min. 1936, 21, 235). 
Later analyses and baBc-cxcliange data by 
Brammall and Leech (l.c.). 


SiOg 

TiO. 

ALO. 

Fe^O,, 

FeO’’ 

MnO 

MgO 

CaO 

NagO 

KgO 

PsO.-, 
SO 3 ’ 
K,0 t 

Hfo 


1 . 

II. 

111. 

IV. 

V. 

VI. 

52-4H 

62-81 

.59-87 

.5:142 

49-22 

5:1-88 

0 08 



0-52 


0 44 

ir)-9r> 

6-92 

11-82 

10-(Kl 

16-61 

11 66 

1-42 

:i'78 

6-27 

:5-40 

2-46x 

4 60 

010 

— 

- 

0-18 

0-44 1 


— 

— 

0 02 

-- 

0 18 

.'">■02 

2-27 

2-09 

9-16 

4-22 

8-61 

2 07 

7-10 

6-17 

1-29 

n 77 

1 .56 

— 



0-02 


0 15 


0-74 

0-84 1 

0-64 


o-:i9 

0-08 

0-27 

0-14 

012 


0-16 

0*22 

(C0."> 

0-07 

0-04 


nil 

7 00 

If)-.',7 

i:M9 

9-42 

6-46 

9-98 

1:1-96 

- 

1 — 

, u-8:i 

16-12 

! 8-21 

100-1:1 

99-86 

100-10 

“99'90“j 

99-40 

99-82 


T, also C 0-30 ; 11, also NaCI ()■().') ; III, also NaCI 
014 ; IV, also COj, 010, Cl 0 0*J. 

Fuller's earth occurs as beds in sedinientary 
rocks belonging to various geological periods, 
ranging from the Silurian to the Eocene. The 
most important deposit in England is a bed 
8-12 ft. in thickness, lying between sandstones 
in the Lower Greensand division of the Cnd* 
aceous system. This is w'orked in open pits at 
Nuttield and Hedhill in Surrey. NeartT the 
surface, where oxidised, it is yellowish, but lower 
down it is bluish in colour. In Somersetshire, 
Gloucestershire and Dorsetshire, the “ fuller's 
earth formation ” of geologists, lying between 
the limestones of the Great Oolite and the 
Inferior Oolite, consists of a thick deposit of 
clays and marls, with beds 2-3 ft. in thickness 
of fuller's earth of good quality. This was 
formerly extensively worked for use in the cloth 
mills of the west of England, but now* is obtained 
only on the Downs to the south of Bath. 8till 
smaller (juantities were formerly yielded by the 
Ix)wer Greensand strata near Woburn in Bed¬ 
fordshire. On the petrography of P’nglish 
fuller’s earth, see E. F. Newton, Proc. Geol, 
Assoc. 1937, 48, 175. 

For many years” the English fuller’s earth 
was considered the best, and until recently 
large quantities were exported to America. 
Deposits have now been opened up at several 
places in the United States, chiefly in Florida, 
and to a lesser extent in Georgia, Alabama, 
Arkansas and California. In Gadsden Co., 
Florida, it occurs as a bed 4-12 ft. in thickness 
in bedded clays and sandy clays of Oligocene 
(Tertiary) age. American and Caucasian occur¬ 
rences are often associated with volcanic rocks, 
and it is suggested that, together with bentonite, 


the material has originated by the decomposition 
of a glassy volcanic ash. Small outputs are also 
recorded from India and Australia (Wingen, 
New South Wales). 

The English output amounts to about 15,000 
tons per annum, whilst double this quantity is 
now obtained in America. The price at the pits 
ranges from 256’. to £2 per ton. The earth as 
dug is dried, crushed and passed through fine 
sieves of silk or bronze gauze. 

Although still used for cleaning cloths, scouring 
yarns and washing woollens and'fine-dyed goods, 
fuller’s earth now finds a more extensive use in 
the refining of oils, grease and lard. Mineral 
oils arc decolorised and clarified by allowing the 
oil to percolate through long cylinders filled 
with coarser fuller's earth. Vegetable oils, such 
as cotton-seed oil, are wanned, stirred with 
.5-10% eartli and lilt<'n'(l through bags. The 
main points to be determined in the valuation 
of tlu' t'arth in the oil industry are the relative 
bic’aching pow er and the (inantity of oil absorbed. 
For a method of testing fuller's earth for these 
factors, 6CC Richort, Ind. Eng. (’hem. 1917, 
9, .599; Analyst, 1917, 42, 340. Fuller's earth 
has also been UH(*d in the manufacture of })igments 
for printing w all-papers. Small quantities of the 
finest grades are used for toilet preparations. 

Heference,s.~~,]. T. Porter, Properties and 
Tests of Puller's Earth, r.8. Geol. Survey, Bull. 
315, 1907; H. Rios, “(’lays, their Occurrence, 
Properties, and Uses,” 3rd ed., New' York, 1927 ; 
(’. L. Parsons, U.8. Bureau of Mines, Bull. 71, 
1913. ‘’Fuller's Earth,” Imp. Min. Res. Bur. 
London, 1920. 

L. J. 8, 

FULLER'S EARTHS (c. Vol. IV, 247), 

“ FULLPULVER ” -02 (c. Vol. IV, 467u). 

FULMINATES (?*. IV, 535d). 

FULMINICACID (Ger. Knallsuvre) 

C:NOH. 

The a(‘jd has not been obtained in a free state. 
Scholvion (J. pr. Chem. 1885, [ii], 32, 461) 
obtained an ethereal solution of the acid by 
treating sodium fulminate with dilute sulphuric 
acid, keeping the mixture cool and dissolving 
the yellow oil thus obtained in ether. Wieland 
and Hess (Ber. 1909, 42, 1346) have confirmed 
this statement, and found that the acid rapidly 
polymerised to metafulminuric acid {v. infra). 
Howard first showed that when silver nitrate 
or mercuric nitrate was treated with alcohol 
and excess of nitric acid, a crystalline, detonating 
precipitate, fulminating silver or fulminating 
mercury, was obtained. Analyses of these sub¬ 
stances (Liebig, Ann. Chim. Phys. 1823, [ii], 24, 
312; Annalen, 1838, 27, 133; Liebig and Gay- 
Lussac, Ann. Chim. Phys. 1824, [iij, 25, 285; 
Divers arid Kawakita, J.C.8. 1884, 45, 17) show 
that they are salts of an ucid possessing the 
formula HCNO. The constitution of this acid 
has given rise to much discussion. Berzelius 
wrote fulminating silver as 

Ag, 0 (AgN),C 4 N, 03 . 

This formula accounted for the fact that in many 
of its reactions only half of t)ie metal is separated, 
also that the double fulminate of potassium and 
silver detonates as violently as fulminating silw 
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itself, the detonation being attributed to the de¬ 
composition of the group AgN. Laurent and 
Gerhard t next proposed the constitution 
C 2 N{N 02 )Ag„ assigning the explosive nature 
of the body to the presence of a nitro group, and 
the subsequent experiments of Kekul^ (Annalen, 
1857. 101 , 200; 1858, 105 , 279) and Schischkoff 
{ibid. 101 , 213) apparently confirmed this view. 

Later Kekul 6 formulated fulminic acid as 
nitroacetonitrile, CHg(N 02 )C N. He based this 
formula chiefly on two reactions which fulminic 
acid undergoes. When mercuric fulminate is 
treated with sulphuretted hydrogen, ammonium 
thiocyanate is produ(‘ed, and with aqueous 
hydrochloric acid, hydroxylamirie is the main 
product. The production of ammonium thio¬ 
cyanate suggests that in fulminic acid there is 
a(CN) group, and that the two nitrogen atoms 
are in different states of combination, which 
facts fit in with the formula proposed. But of 
the two nitrogen atoms only one is represented 
as oxidised and capable of conversion into 
hydroxylamine, whereas Divtus and Kawakita 
(j.(l*S. 1884, 45, Hi) have shown that both 
atoms of nitrogen arc so convertible. Hchisch- 
koff (Bull. JSoc. chilli. 18(10, (iij, 2, 294) doubted 
Kekiile’s formula. JStciner projjosed 
HO N:C:C:N OH 

as the correct configuration (Bcr. 187(5, 9, 779); 
and Scholl formulated fulminic acid as glyoxime 
peroxide 

CH:N O 

I I 

CH;N O 

In 1894 Ncf found that on treating sodium 
nitromethanc with mercuric chloride, mercuric 
fulminate was produced, and, moreover, that 
sodium nitromethanc, on treatment with 
aqueous hydrochloric acid, decomposed into 
formic acid and hydroxylamine, as does fulminic 
acid {r. supra). On these grounds Nef formu¬ 
lated fulminic acid as carbonyl monoxime, 
C:NOH, and represented the production of 
mercuric fulminate from nitromethane as 
follows : 

CH 3 NO 2 CHjtNO ONa 

Pseudo-iTiodiflcatioii. 

(CH 3 :NO O) 3 Hg 

Unstable. 

—(C;NO),Hg 

The explosive character of the fulminates is 
accounted for by the presence of bivalent 
carbon in the molecule. It was an old observa¬ 
tion, first recorded by Liebig, that when mer¬ 
curic fulminate was treated with hydrochloric 
acid of a certain strength, prussic acid was 
evolved, and this fact was long used to support 
the nitroacetonitrile formula for fulminic acid. 
But Nef showed that the compound formed was 
not prussic acid, but chloroformaldoxime, a com¬ 
pound possessing an odour similar to that of 
prussic acid. 

C:NONa+2HCI-CHCI:NOH+NaCl 

Hydrochloric acid converts chloroformaldoxime 
into hydroxylamine hydrochloride; sodium 
hydroxide regenerates a fulminate (Nef, Annalen, 
1894, 280, 263, 306). Moreover, nitroaceto* 


nitrile has been prepared by removing the ele¬ 
ments of water from methazonic acid, 
CgH^OgNg, and is found to have none of the 
characteristic properties of fulminic acid ( 8 tem- 
kopf and Bohrmann, J. pr. Chem. 1910, [ii], 81, 
97, 193; Ber. 1908, 41, 1044). Scholl {ibid. 
1890, 32. 3492) applied Friedel and Craft’s 
reaction to fulminic acid, and found that on 
gently warming mercuric* fulminate; with lienzene, 
aluminium and aluminium (‘hloride, benzal- 
doxime is produced, a further confirmation of 
Nef’s carbonyloxime formula. Angelico (Chem. 
Zentr. 1901, II, 404) obtained fulminic acid by 
treating a solution of mercuric nitrate in excess 
of dilute nitric acid with a concentrated solution 
of malonie acid and a few drops of sodium nitrite 
solution. The course of the reaction is as follows ; 

CH2(C00H)2 C:N0H(C00H)2 

jxoNitroBornalonic acid. 

-> C(:N00H)(C00H)2 

/.suNitroiimIonic acid, 

-^CH(:N00H)C00H 

is(fN itroacctic ad<i. 

CH.cNOOH ~^C:NOH 

/.sYiNitroriicthanc, 

Wieland and Semper (Bcr. 190(>, 89, 2522) have 
shown that phenylmcthylnitrolic acid readily 
decomposes into nitrous acid and the unstable 
benzonitrilc oxide. 

.NOH 

CPh< HNO.-fPhCiN:© 

NO 2 

Hence, if a similar decomposition occurs in the 
case of methyl nitrolic acid, the hitherto un¬ 
known nitrile oxide HC:N:0 or the products 
of its decomposition would be obtained. Wie¬ 
land (/.c.) has shown that the products of the 
decomposition of methyliiitrolic acid are ful- 
minie acid, formic acid and hydroxylamine, 
the decomposition being analogous to that of 
chloroformaldoxime. I’he unstable nitrile oxide 
is probably formed first and then undergoes an 
isomeric change into fulminic acid. 

Wohler {ibid. 1905, 38, 1351) has determined 
the molecular weight of fulminic acid by means 
of the sodium salt, which can be prepared in a 
pure anhydrous state by the action of sodium 
amalgam on mercury fulminate suspended in 
alcohol. The numbers obtained by the cryo- 
scopic method and by determining the equivalent 
conductivities of dilute solutions trorrespond 
closely with the numbers required for the mono- 
molecular formula CiNONa. 

In the ordinary method of preparing ful¬ 
minates by the oxidation of ethyl alcohol, the 
following changes are supposed to occur (Wie¬ 
land, Ber. 1907, 40, 418): 

CH 3 CH 2 OH -> CH 3 -CHO 

Aldehyde. 

^CH(:NOH) CHO 

u’oN itrosoacetaldehy de. 

-> CH(;NOH)COOH 

i«oNitrosoacetic acid. 

->N 02 C(:N 0 H)C 00 H 

uoNitrosonitroacetic acid. 

->N02 CH:N0H ->C:N0H 

Methylnitroli(; add. 
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The experimental evidence in favour of the 
above hypothesis is as follows; Wohler and 
Theodore vita (Ber. 1906, 88, 1345) found par¬ 
aldehyde to be a more suitable agent than alcohol 
for the preparation of fulminates, and the for¬ 
mation of mcthylnitrolic acid from Monitroso- 
acetic acid has been accomplished by Ponzio 
(J.C.S. 1903, 84, I, 453), Wieland has prepared 
mercuric fulminate from methylnitrolic acid (?;. 
supra ); and lastly by treating fulminic acid with 
nitrous acid, Palazzo {ibid. 1907, 90, I, 489) has 
obtained methylnitrolic acid as one of the pro¬ 
ducts of the reaction. 

The older view of Kekul4 as to the constitu¬ 
tion of fulminic acid has now been finally 
abandoned, and the carbonyloximo formula of 
Nef has taken its place. 

Hodgkinson (J.S.C.L 1918, 37, T190 has 
pointed out that mercury fulminate cannot be 
formed in the absence of nitrous acid or a mix¬ 
ture of nitric oxide and nitrogen j)eroxide; he, 
therefore, represents the formation and constitu¬ 
tion of fulminic acid by the equation : 


CHo 0:N. 

I + )>o = 

HOCH 2 0:N/ 


CH:N. 

I >0+2H20 
HOC 


Halogen derivatives.—The addition of 
halogens to free fulminic acid prepared in situ 
affords the following additive products in good 
yields: CClg^NOH, b.p. 45712 mm.; 

CBr2:N0H,H20, 

ra.p. 40®; CBrgiNOH, m.p. 08-9° (Me ester 
by CHjjNg, b.p. 139-141°); Cl 2 :N 0 H,H 20 , 
m.p. 52°; Cl 2 :NOH, m.p. 69°; the chloro- 
compouncls are the most and the iodo-compounds 
the least stable. The initial products of the 
decomposition by heat of these substances 
(130°, 80° and room temperature respectively) 
are the halogenocyanogens and hypohalous 
acids. 

Mercuric fulminate or fulminating mer¬ 
cury {v. Vol. IV. 536). 

Silver fulminate, Fulminating silver 

CrNOAg. 

In preparing this substance 1 part silver is dis¬ 
solved in 20 parts nitric acid of sp.gr. 1-36 and 
27 parts of 86 % spirit of wine added, and 
the whole gently heated until frothing sets in. 
The liquid is then removed, and 27 parts or more 
of spirit added in order to moderate the action. 
Silver fulminate separates out on cooling 
(Liebig, lx.; cf. Nef, Annalen, 1894, 280, 308). 

Silver fulminate is not formed, as was stated 
by Liebig (Annalen, 1833, 6 , 287), when nitrogen 
trioxide is led into an alcoholic solution of 
silver nitrate (Divers and Kawakita, J.C.S. 
1884, 46, 27), but is only produced by the 
energetic oxidation of alcohol by nitric acid in 
presence of silver nitrate. Great caution must 
be exercised in the preparation of this substance. 
Capacious vessels should be used, to prevent the 
liquid boiling over and the formation of a 
crust of the dry explosive salt on the outside; 
all flame must be kept at a distance, lest the 
vapours should take hre; and the mixture 


should be stirred with wooden rods. The dry 
salt should be transferred on paper shovels, and 
kept in paper or cardboard vessels, loosely 
covered, to prevent explosion from friction. 

Silver fulminate crystallises in white opaque 
glistening needles, scarcely soluble in water, and 
having a bitter metaUic taste. 

Silver fulminate is an exceedingly dangerous 
body, as it explodes much more violently than 
the mercury salt, by the action of heat, by the 
electric spark, by friction or percussion, or by 
contact with sulphuric acid. It even explodes 
in the moist state, sometimes under water, by 
friction with a glass rod. It may be rubbed to 
powder in a mortar with the finger or with a 
cork. The light accompanying the explosion, 
which is best seen in the dark, is reddish-white 
with a tinge of blue (Liebig). When ignited 
under a pressure of about 2 or 3 mm., it burns 
slowly with a visible flame. If silver fulminate 
l)e thrown into a bottle containing chlorine, it 
deflagrates before it reaches the bottom, and 
does not fracture the bottle (E. Davy). Silver 
fulminate dissolves in hot aqueous ammonia, 
and the solution, on cooling, deposits crystalline 
grains of ammonium silver fulminate 

(C:NO)2(NH4)Ag. 

This salt is sparingly soluble in w'ater, and ex¬ 
plodes with much greater violence than the 
silver salt, even under liquid, when touched with 
a glass rod (Liebig). Aqueous solutions of the 
hydroxides of the metals of the alkalis or alkaline 
earths, or of the sulphides or chlorides of the 
alkalis, yield similar double salts when boiled 
with silver fulminate. Copper or mercury can 
displace silver wholly or in part from silver ful¬ 
minate. Zinc, evqn on boiling for several days, 
displaces only half of the silver, forming silver 
zinc fulminate. The normal zinc salt is pre¬ 
pared by the action of zinc on mercuric ful¬ 
minate. By acting on this salt wdth baryta 
w’ater, and exactly precipitating the barium from 
the zinc barium fulminate thus produced with 
sulphuric acid, zinc hydrogen fulminate is ob¬ 
tained. By saturating this salt with metallic 
bases, many double salts of zinc fulminate are 
obtained. 

Silver fulminate with triphenyl methyl chloride 
in benzene gives triphenylacetonitrile oxide, 
CPhg C'N:©, m.p. 153°, which with HCI 
gives triphenylacethydroxarayl chloride, 
CPhg-CCIiN OH, m.p. 178-180° (Wieland and 
Rosenfeld, Annalen, 1930, 484, 236). 

Cadmium fulminate, Ca(CNO) 2 , is a white 
powder, stable when dry, but readily decom¬ 
posed by water, in which it is very soluble. It 
is one of the most violent explosives, and is 
nearly as sensitive to shock and heat as mercury 
fulminate. Thallous fulminate becomes 
yellow on exposure to light, and is the most 
susceptible of all known fulminates to shock and 
increased temperature, but the heat of detonation 
is not high, and its explosion is not violent. 
Cuprous fulminate is insoluble in water, and 
is almost as violent an explosive as cadmium 
fulminate, although not so sensitive to shock 
(L. Wohler and Martin, Ber. 1917, 60, 686 ). 

Fulminic acid gives rise to a series of poly¬ 
merisation products (v. FuLMiNinEUC Acids). 
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FULMINURIC ACIDS, 

Fulminuricacid .—^This compound was discovered 
independently by Liebig (Annalen, 1855, 95 , 
282) and by Scnischkoff {ibid, 1856, 97 , 53; 
1857, 101 , 213). Its salts are produced by boil¬ 
ing a solution of a metallic chloride or iodide 
with water and mercuric fulminate: 
4C^NOH+ H20-C8H303N8+C0j+ NH 3 , 
60-76 g. of well-washed mercuric fulminate are 
boiled with 700-800 c.c. of water, 60 c.c. of 
saturated ammonium chloride solution are then 
added, and the mixture is heated to the boiling* 
point. As soon as a yellow deposit of oxydi- 
mercuric ammonium chloride separates, the 
flame is removed, and ammonia added until all 
the mercury is precipitated. The solution is 
filtered, and the filtrate is evaporated, yielding 
crystalline ammonium fulminurate, which is 
purified by recrystallisation. This is converted 
into the basic lead salt by treatment with lead 
acetate; removal of the lead with HgS and 
evaporation yields an indistinctly crystalline 
mass, which gives colourless prisma of fulminuric 
acid from alcohol. The silver salt may be 
decomposed by hydrochloric acid to yield free 
fulminuric acid. Another method is Ulpiani’s 
(Gazzetta, 1905, 86, (ii), 357); succinamide-1 
dinitrosoperoxide, obtained by the action of 1 
fuming H N O3 upon ethyl acetoacetate, and 
subsequent treatment with concentrated am¬ 
monia, yields an acid proved to be identical 
with the fulminuric acid of Liebig, together with 
)3-i«ofulminuramide; the latter yields p4so- 
fulminuric acid on hydrolysis (v. infra), Ful¬ 
minuric acid decomposes on heating with slight 
deflagration at 145® (Steiner, Ber. 1872, 5 , 381); 
heating with dilute acids or alkalis decomposes 
it into oxalic acid, ammonia and carbon dioxide. 
Nef. (Annalen, 1894, 280 , 329) regards it as 
nitrocyanoacetamide, 

NCCH(NO,)C^^[J 

Ulpiani (Gazzetta, 1912, 42, i, 390) represents it 
as the mono-nitrile of i^onitromalonamide, as the 
ammonium salt yields nitromalonamide when 
treated with dry HCi in alcoholic solution 

H 03 N:C(CN)C 0 NHa->H 02 N:C(C 0 NH 3 )a 

Ammonium fulminurate forms anhydrous 
monoclinic crystals, which blacken on heating 
and give off hydrocyanic acid, ammonia and 
cyanic acid, the two last uniting to form urea 
(Liebig). 

Potaeeium fulminurale is prepared by the 
gradual addition of 2 parts of mercuric fulminate 
to a saturated solution of 1 part of potassium 
chloride, followed by gentle boiling imtil the 
whole is dissolved. The liquid is filtered hot 
from a yellowish precipitate, and the compound 
of mercuric oxide and potcuasium fulminurate, 
which senarates from the filtrate, is freed from 
mercury by sulphuretted hydrogen. Recrystal¬ 
lisation frrom water yields potassium fulminurate 
in long glistening prisms, which decompose with 
inoandesoenoe when heated to 225® (Schischkoff, 
I.C.). 

Sodium fuhninurcUe is converted by a mix¬ 
ture of H18O4 wid HN08 into trinitro- 
aoetonitrile, C (N08)gCN, 

VoL. V .—26 


Silver fulminurate may be obtained by heating 
ammonium or potassium fulminurate with silver 
nitrate. It is almost insoluble in cold water, 
but may be recrystallised from boiling water in 
long, very thin needles. When heated with 
concentrated hydrochloric acid in a sealed tube 
at 110®, traces of oxides of carbon are produced; 
one-third of the nitrogen is converted into 
hydroxylamine hydrochloride, while the re¬ 
mainder yields ammonium chloride (Ehrenberg, 
J. pr. Chem. 1884, [ii], 80 , 55). At 100®, under 
ordinary pressure, the action is complicated. 

The fulminurates of caXcium^ strontium, 
barium, iron and lead may be obtained by double 
decomposition from the ammonium or potas¬ 
sium salts. On heating an ammoniacal solution 
of copper sulphate with fulminuric acid, am¬ 
monium copper fulminurate, 

C 3 H 3 N 303 (CuNH 3 ), 

is deposited on cooling in characteristic glisten¬ 
ing purple prisms. 

By passing hydrogen chloride through an 
alcoholic suspension of potassium fulminurate, 
Schischkoff" (/.c.) obtained an oil supposed to 
be ethyl fulminurate; it is not, however, the 
ester, but has the composition C4HgEtNOB. 
It readily forms additive compounds with am¬ 
monia and the amines (Ehrenberg, l,c.). Accord¬ 
ing to Siedel (Ber. 1892, 25, 2756), fulminuric 
acid forms two series of esters, the nitrogen- 
ethyl ester, m.p. 155®, and the oxygen-ethyl 
ester, m.p. 133®; the latter, CgNoOgHj-OEt, 
is formed by the action of ethyl iodide upon silver 
fulminurate and when boiled with water is 
converted into desoxyfulminuric acid, cyano- 
i^onitroso-acetamide, 


C3H3N808=:NCC(:N0H)C0NH8, 

m.p. 184°, a derivative of mesoxalic acid (Nef, 
Annalen, 1894, 280 , 331). 

Metafulminuric acid, twcyanuric acid, 

D 3 H 8 O 3 N 3 , 

is the oxime of isonitroso-ijo-oxazolone, 


N 




\ 


CH—C:NOH 
O-iiNOH 


(Wieland et al„ Ber. 1909, 42, 1346; Annalen, 
1929, 476, 54; Ulpiani, Gazzetta, 1915, 46,1, 1). 
This is obtained by the spontaneous polymeri¬ 
sation of fulminic acid (Scholvien, J. pr. Chem. 
1885, [ii], 82 , 461); it is accompanied by small 
amounts of the tetramer, isocyanilic acid, 
C4H4O4N4, known to be furoxanedialdoxime, 
HON:HCC-CCHrNOH 


II II 

N NO 

\o/ 


(Wieland, Annalen, 1925, 444, 7); the latter is 
characterised by its conversion into a bright 
red alkali salt with boiling alkali. Metaful- 
minurio acid is best prepared by treating chloro- 
formaldoxime, CHCliNOH with a small 
quantity of sodium hydroxide or aqueous 
ammonia in the cold (Wieland and Hess, l,c,). 
The hydrated acid, containing 2 mol. of water, 
melts at 85-86®, the anhydrous acid at 102®. 

The action of N upon an ethereal solution 
of chloroformaldoxime yields the ammonium 
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Balt of cyanoiBonitrmQ^aceihydrommic acid, or 
oximino’cyanoaceihydroxamic acid, 

C,H308Nj«H0N:C(CN)C(0H):N0H ; 
the ammonium salt is decomposed by hydro¬ 
chloric acid, yielding the acid, which crystallises 
from ether in colourless cubes, m,p. 117-118° 
(Nef, Annalen, 1894, 280, 321). Wieland and 
Hess {l.c.) found that 1 equivalent of alkali con¬ 
verts metafulminuric acid quantitatively into 
the above, which is isolated by the addition of 
acid (it is not reconverted to metafulminuric 
acid). This reaction goes spontaneously in the 
absence of alkali (Ulpiani, Gazzetta, 1915, 46, 
i, 1), but is accelerated by heat or alkali. Cyano- 
tsonitrosoacethydroxamic acid can imdergo 
further changes in three directions. In aqueous 
solution or in organic solvents it is convert^ into 
an impure form of the syrupy fulminuric acid 
of Ehrenberg {see below). The anhydrous form is 
converted at 70° into a-amino-p-nitro-iBO-oocazole, 
CH—CNOo 

h Inh. ■ 

\o/ 

When allowed to stand in glass vessels in the 
hydrated or anhydrous form, it changes to iso- 
fulminuric acid. 

iBofulminuric acid, C 3 H 3 O 3 N 3 , is 3-hydroxy- 
furazan-4-carboxylamide, 

HO C-C CONHo 

II II 

N N 

\o/ 

It is best prepared from the mixture of solids 
obtained by the interaction of ammonia and 
chloroformaldoxime; it can also be obtained 
directly from metafulminuric acid and ammonia, 
or Na 2 C 03 (1 mol.), by heating for a few 
minutes on the water-bath; and by the decom¬ 
position of metafulminuric acid in a sealed 
tube. It has m.p. 202° (decomp.). It is soluble 
in alcohol, acetone and ether. On hydrolysis 
with boiling bar 3 ;d;a water it yields 3-hydroxy- 
furazan - 4 - carboxyhc acid, m.p. 174° decomp. 
(Wieland and Baumann, Annalen, 1912, 862, 
196). These authors have shown that iso- 
fulminuric acid is not the direct product of the 
action of NH 3 upon chloroformaldoxime, or 
upon the cyanoisonitroso-acethydroxamic acid 
{see above) of Nef. With bases, chloroformald¬ 
oxime loses HCI to form fulminic acid, which 
polymerises to metafulminuric acid; this can 
react further with ammonia, with ring-fission 
and simultaneous conversion of the aldoxime to 
the amide group, to give the amidoxime of iso- 
nitrosomalonamide: 


to the —CN group: the compound being 
3-hydroxyfurazan-4-carbonamidine, 

HOC-C—C«NH 

I, Uh. 

''o/ 

Both of those substances are formed by the 
action of NHj upon chloroformaldoxime, i.e. 
upon metafulminuric acid. They are the pre¬ 
cursors of isofulminuric acid, and are converted 
into this acid by warm ammonia. 

In the preparation of »>ofulminuric acid from 
metafulminuric acid by the action of sodium 
carbonate, small quantities of another isomer, 
m.p. 143° (decomp.), are also obtained. This is 
3-hydroxy-4-»sonitroso-iso-oxazolonimide 

NOH 

HN=C—1:—COH 

/sofulminuric acid is also obtained by loss of 
CO 2 from a tetramer of fulminic acid, peri- 
cyanilic acid: 

NC C-C-CH 

rliOH isioH 

(Wieland and Kitasato, ibid» 1929, 475, 54). 

By boiling furoxandicarboxylamide with 
water, Ulpiani (Gazzetta, 1912, 42, I, 376) ob¬ 
tained fulminuric acid and two new isomers, 
and y-fulminuric acids. The /3-acid is present 
as the amide, m.p. 175°, 


HC-N\ 

i—«>“ 

ioNH, 

which is very stable to acids, and can be recry- 
stallised from boiling cone, hydrochloric acid. 
Thus p-ftdminuric acid is seen to be imido- 
furazan-carboxylic acid. It has m.p. 196° 
and is soluble in organic solvents and 
boiling water. It gives no colour with ferric 
chloride; silver and mercuric nitrates give in¬ 
soluble precipitates. CJopper acetate slowly 
precipitates l^ge transparent green crystals, 
insoluble in cold water. The acid gives an 
ester by the action of alcoholic HCI. It also 
gives a nitroso-derivative,^,C 3 H jN gO,* N O, H gO, 
which explodes at 133°; the mother-liquors 
iri>m this preparation give the ammonium salt 
of isonitroso-cyanacetic acid, m.p. 103°: 


CH—C:NOH 


<a_i, 


NOH 


HON:CH—C:NOH 

HjnLnOH 


H,NOCC:NOH 


NOH 




This is converted by alkali into the above acid 
of Nef, and also into the compound CgHgOgNg 
of Ehrenberg (l.c.), by dehydration between 
two —NOH groups and Edition of NHg 


CNC(:NOH)COOH. 

The y-fvlminvHc acid » 6-amino-4-nitro-w£»- 
oxazole, m.p. 247°, 

CH—CNOg 

J Inh. 

\o/ 

An aqueous solution is not precipitated by 
copper acetate, nor coloured by ferric chloride, 
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it gives a precipitate with mercuric nitrate but 
not with the cUoride. It is a very weak acid; 
it does not give an ammonium salt, nor is it 
esterified by alcohol and HCI ; it gives no 
nitroso-derivative. When boiled with baryta, it 
eliminates NHL to give /)-hydroxy-4-nitro-wo- 
oxazole, C3H2C54N2,HgO. 

The fulminuric acid, C 3 H 3 N 3 O 3 , of Ehren- 
berg is obtained by treating cyanot«)nitro 80 - 
acethydroxamic acid with N Hj ; it is a powder, 
which chars without melting when heated (Nef, 
l.c, ; Ehrenberg, J. pr. Chem. ,1884, fii], 80, 56). 

FULVENES {v. Vol. Ill, 6346, c). 

FULVIC ACID (this Vol., p. 53d). 

FUMARIC ACID and MALEIC ACID. 
These two ethylene-ajS-dicarboxylic acids form 
the classical example of geometrical (cis-trans) 
isomerism. Maleic acid readily forms an 
anhydride, whereas fumaric acid does not; on 
the basis of this and other evidence maleic acid 
is assigned the cis- and fumaric acid the trans- 
configuration. 


HCCO-H 

1 

HCCOjH 

CIS- 


H02CCH 

hUcOjH 

irana- 


The oxidation of benzoquinone to maleic acid 
with nascent silver peroxide (Kempff, Ber. 1906, 
39, 3716) is in agreement with this view as is, 
indeed, the vapour-phase oxidation of benzene 
itself (t7. infra). On the basis of chemical 
evidence, Anschiitz (Annalen, 1887, 239, 164; 
1928, 461, 165) assigned to maleic acid the 
hydroxy-lactone structure 


COjHCHiCHCOjH 


densation of glyoxylic and malonic acids imder 
the influence of pyridine : 

C02HCH0+CH3(C02H)2 

“H.o 

-?_> 

-CO, 

(Doebner, ibid. 1901, 34, 63). Technically, 
fumaric acid may be prepared by the AapergiUna 
fumaricus fermentation of certain carbohydrates 
(B.F. 146411; Walker, J.S.C.I. 1930, 49, 946; 
V. this Vol. 60c), while the most convenient 
method for its laboratory preparation is the 
oxidation of furfural with sodium chlorate in the 
presence of a small amount of vanadium pen- 
toxide (Milas, Organic Syntheses, 1931, 11, 46). 

Maleic acid was formerly best obtained by the 
slow distillation of acetylmalic anhydride 
(Anschutz, Ber. 1881, 14, 2791) or by heating 
mahe acid with phosphorus pentachloride to 
200-220° (van der Riet, Annalen, 1894,280,216). 
At the present time, however, maleic acid and 
its anhydride are prepared on the large scale by 
the vapour-phase oxidation of benzene using a 
vanadium pentoxide catalyst: 

CH 


HC^ 

II 

HC 


^CH 


+30 


CH 


in 






60 


CHC(0H)2 

> 

CH CO 


Physical evidence for this cyclic structure has 
been put forward by Wassermann and Smakula 
(Z. physikal. Chem. 1931, 155, 366) and by 
Dadieu, Pongratz and Kohlrausch (Sitzungsber. 
Akad. Wiss. Wien, Math. Naturw. Kl. Abt. II, 3, 
1931,140, 353). The analogous structure, 

CHCCI2, 


CHCO 


has been assigned to maleyl chloride in view of 
its abnormal reactivity (Ott, Annalen, 1912, 
892,245). 

Fumaric acid occurs widely distributed in the 
plant kingdom {e.g. in Iceland moss and the 
common fumitory); in the animal world it 
plays a vital part in respiratory processes (c/. 
8zent-Gy6rgyi, Z. physiol. Chem. 1935, 286, 1). 
Maleic acid does not appear to occur in nature. 

Fumaric acid is produced, together with 
maleic anhydride, when malic acid is heated to 
150^ (WisHcenus, Annalen, 1888, 246, 91; 
Bfiohael, J. pr. Chem. 1892, [ii], 40, 231) or 
boded with sodium hydroxide solution (Fichter 
and Dreyfus, Ber. 1900, 83, 1453), by heating 
hi^genated sucdxiio acids (Brunner and Chuard, 
iM, 1897, 80, 201) and, synthetically, by con¬ 


O 

O 

II 

HC/^\ 

II 0+H,0+2C0j, 


I a process which was first worked out in 1916 by 
I Weiss and Downs (U.S.P. 1318631, 1318632); a 
[ large number of patents describing improve¬ 
ments in this process have appeared and the 
reader is referred for further information to sum¬ 
maries by Weiss and Downs (Ind. Eng. diem. 
1920, 12, 228; J.S.C.I. 1926, 45, 188T) and to 
Hilditch, “ Catalytic Processes in Applied 
Chemistry,” 1929, pp. 199-205. 

Fumaric acid may be converted into maleic 
anhydride by heating or by treatment with 
phosphorus pentachloride, phosphorus oxy¬ 
chloride or phosphorus pentoxide (Volhard, 
Annalen, 1892, 268, 265; Tanatar, ibid. 1893, 
278, 31). Maleic acid is converted into fumaric 
acid by heating in a sealed tube at 200° (Tanatar, 
l.c.) or even by long standing in the dark in 
aqueous solution (Kailan, Z. physikal. Chem. 
1919, 98, 613). This change is also brought 
about by sunlight or ultra-violet light, especially 
in the presence of a trace of bromine (Ciamician 
and Silber, Ber. 1903,86,4267; Wislicenus, Ber. 
S&chs. Akad. Wiss. 1896,489; Kailan, Z. physi- 
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kal. Chem. 1914, 87 , 333 ; Warburg, Siizungsber. 
Preuss. Akad. Wiss. Berlin, 1918, 1228), 

Fumario acid is difficultly soluble in cold water 
and crystaUises from hot water in small, colour¬ 
less needles which sublime without melting in 
an open tube at 200°, but which melt in a sealed 
tube at 284°. Maleic acid forms monoclinic 
prisms, m.p. 136°, which boil at 160° with 
anhydride formation. 

Fumaric and maleic acids may be distinguished 
by the crystalline form of certain salts (especially 
the silver, copper, lead and mercury salts) (van 
ItaUie, Pharm. Weekblad. 1922, 68, 1312; 
Wagenaar, ibid. 1927, 64 , 6 ); fumaric acid is 
also distinguished by the fact that its mercury 
salt is quantitatively precipitated in the presence 
of dilute nitric acid (Olander, Z. physikal. Chem. 
1929, 144 , (A), 49). The following esters may 
be recommended for purposes of identification : 
p-nitrobenzylfumaratet m.p. 160*8°, makate, m.p. 
89*3°; phenacyl fumarate, m.p. 197*5°, maleaiey 
m.p. 119°; p^phenylphenacyl maUcdey m.p. 168°. 

Both fumaric and maleic acids yield acetylene 
on electrolysis of their alkali salts and both may 
be reduced to succinic acid. With bromine 
fumaric acid yields wc^o-dibromosuccinic acid 
and maleic acid, roc-dibromosuccinic acid; 
these reactions are examples of <ran«-addition 
(McKenzie, J.C.S. 1912, 101, 1196). With 
potassium permanganate, however, ct>-addition 
takes place with the formation of racemic acid 
from fumaric acid and of mc^otartaric acid from 
maleic acid (Kekule and Anschtitz, Ber. 1880, 
18,2610; 1881,14,713). 


Derivatives. 


Esters. Diethyl fumarate is best obtained 
by esterification of the acid with alcohol vapour 
in a special apparatus (Corson, Adams and Scott, 
Organic Syntheses, 1930, 10, 48). Dimethyl 
maleate is conveniently prepared from the 
anhydride (Clemo and Graham, J.C.S. 1930, 
213). Alkylene oxides have also been recom¬ 
mended for esterifying maleic acid (G.P. 644288). 

Maleic anhydride is usually obtained 
directly in the vapour-phase oxidation of benzene 
but may be prepared by distillation of the acid 
with a neutral solvent such as xylene (Mason, 
J.C.S. 1930, 700) or in vacuo with phosphorus 
pentoxide (Terry, J. Amer. Chem. Soc. 1925, 47 , 
1067); on the large scale the anhydride may be 
produced by vacuum distillation of the acid with¬ 
out added reagent (U.S.P. 1901914,1966853). 

Maleic anhydride forms needles or prisms, 
m.p. 53°, b.p. 202°, having a faint unpleasant 
odour. It is principally remarkable for the ease 
with which it combines with compounds con¬ 
taining conjugated double bonds to form cyclic 
products, e.g. 


HC^ 


CH, 




CH. 


CH*COx^ 
H-CO^ 


CH- 


HC*^ \CHCO\ 

II I > 

HC\ ^CHCO^ 

CH. 


(Diels and Alder, Ber. 1929, 62 , 2081, 2087; 
1930, 68 , 2662; Annalen, 1931, 490 , 243; Alder 
and Stein, ibid. 1934, 614 , 1). This reaction 
usually takes place readily in benzene solution, 
sometimes being brought to completion at room 
temperature; it has found wide application, not 
only in 83 Tithetic work but also in the detection 
of conjugation in natural products. Maleic 
anhydride is now, in fact, one of the most 
valuable reagents in both synthetic and analytic 
organic chemistry. 

Maleic anhydride also forms co-polymers with 
ethylenic compounds, e.g. stilbene (Wagner- 
Jauregg, Ber. 1930, 68 [B], 3213; Annalen, 1931, 
491 , 1) while, more recently, it has been found 
that some compounds of the styrene type yield 
maleic anhydride adducts as do ordinary con¬ 
jugated compounds, e.g. vinylnaphthalene: 



(Cohen and Warren, J.C.S. 1937, 1316). 


Applications. 

The development of the vapour-phase oxida¬ 
tion process has made maleic acid and anhydride, 
formerly chemical rarities, into relatively cheap 
materials and many uses for them have been 
proposed. Downs (Ind. Eng. Chem. 1934, 26 , 
17) gives a review of possible technical appli¬ 
cations. Some of these depend on the reaction 
of maleic anhydride with dienes; thus, Martin, 
Griese and Lowy {ibid. 1933, 26 , 381) suggest 
the use of maleic anhydride for the removal of 
readily oxidised dienes from petroleum; similarly 
U.S.P. 1898363 advocates the use of maleio 
anhydride as a stabiliser for iinsaturated oils. 
Adducts from maleic anhydride and various 
terpenes form the basis of synthetic resins 
described in U.S.P. 1993025-1993037. Maleio 
and fumaric esters, their polymers and co¬ 
polymers with other substances have been 
proposed for use as plasticisers, resins, etc. (G.P. 
512321, 563174; U.S.P. 1946307, 1969482). 

H. N. R. 

FUMARINEsyn. PROTOPINE, 

C2oHnjQ|^N, 

an opium alkaloid. 

FUMIGATIN (this Vol., p. 64a). 

FUMIGATION OF WAREHOUSES 
AND SHIPS AGAINST VERMIN AND 
PESTS OF STORED PRODUCTS.— 
Vermin and human parasites are a menace to 
health. They are worse in hot countries than 
in temperate, though even in these, whereVer 
conditions are insanitary, they are dangerous. 



FUMIGATION OF WAREHOUSES AND SHIPS. 


389 


The amount of illness caused by vermin and 
human parasites is great though difficult to 
estimate. The increase of world transport and 
of bulk storage has greatly accentuated the 
ravages of vermin and insects. Whilst quaran¬ 
tine arrangements have had some success, in 
localising particular pests of growing plants, 
there has been less effort and less success with 
the pests of stored goods. Many of the im¬ 
portant pests are now cosmopolitan, even those 
native to hot countries managing for the most 
part to over-winter in a resting stage in 
temperate climates. The direct loss to industry 
by posts in the U.S.A. and in Germany together 
has been estimated at eighty million pounds 
sterling annually. Whilst improvement of 
conditions of transport and storage, if based 
on ecology, will do much to decrease these 
losses they can be greatly reduced at once by 
proper control measures of which fumigation 
is one of the most important, others being 
spraying of contact insecticides and dusting 
with inert dusts. 

Adequate control of pests of stored products 
generally involves the use of two or more 
measures in combination, e.g, spraying premises 
and dusting goods or spraying premises and 
fumigating goods. To be really effective, 
however, all such systems of control must be 
accompanied by constant inspection of stock 
and premises and continual cleaning of premises, 
segregation of goods, etc. The general improve¬ 
ment in hygiene which is brought about is 
one of the strongest arguments in favour of 
fumigation, spraying and similar methods of 
control. 

The object of fumigation is the exposure of 
pests to a gas poisonous to them at a sufficient 
concentration for a sufficient time to kill them 
without injuring the products on which they are 
feeding or the materials of the ship or ware¬ 
house in which the products are lying. The 
choice of a fumigant depends mainly on the 
relative importance of the following factors: 
Toxicity ; molecular weight; vapour pressure, 
if boiling above room temperature; chemical 
activity, notably action on water, fats, sugars 
and enzymes found in stored seeds, roots, etc.; 
liability to taint goods; cost; toxicity to man; 
ease of transport and of application; in¬ 
flammability. There are comparatively few 
compounds with sufficient toxicity and volatility 
and sufficiently cheap and harmless to man. 
Of these some are ruled out by reason of price 
while of the remainder many are dangerously 
inflammable. 

Detebmination of Toxicity. —This may be 
made under controlled conditions in the 
laboratory or under normal conditions in 
buildings or ships. The insects must be 
identified precisely since their resistance varies 
with the species and strain, the age and stage 
of development and with the cultural con¬ 
ditions. These conditions include food, tempera¬ 
ture, humidity, amount of space per insect, 
age of culture and freedom from parasites and 
pathogenic bacteria. Response to a change in 
conditions is seldom rapid so that it is ad¬ 
visable to breed insects under the same con- 
ditiohs as those under which they are to be 


fumigated (Cotton, J. Econ. Entomol. 1932, 
25, 1088). In a determination, the insects 
must be exposed, under suitable conditions, 
to a known concentration of fumigant for a 
given time. If the insects are to be tested in 
the warehouse, the concentration actually 
attained, at various times during the fumigation, 
must be measured. This is also desirable in 
laboratory experiments, except in preliminary 
or in comparative experiments, in which the 
concentration may be assumed to remain at the 
calculated value throughout. 

In all improved forms of apparatus a mixture 
of air and fumigant is passed through a chamber 
containing the insects. It may then be allowed 
to escape as in the continuous flow methods 
(Niefert and Garrison, U.S. Dept. Agric. Bull., 
No. 893, 1920; Cupples, Ind. Eng. Chem. 
[Anal.], 1933, 6, 36), or it may be passed back 
again, or alternatively it may be circulated. 
In continuous-flow methods two streams of 
air, one of which is saturated with fumigant at 
a given temperature, are mixed in the required 
proportions by regulating the rate of flow of 
each, as indicated by flow-meters. The air may 
be conditioned to a definite temperature and 
humidity. Samples may be taken for analysis. 
The method is probably best suited to the less 
volatile fumigants. In “ oscillation ” or “ circu¬ 
lation ” methods (Bovingdon, Ann. Appl. 
Biol. 1934, 21, 704), one or more large non- 
absorptive reservoirs are dosed with sufficient 
fumigant to give the required concentration, 
which is checked at different times by an 
analysis of small samples. The whole system 
can be made vacuum-tight and, by preliminary 
evacuation, the requisite amounts of water 
vapour, dry air and the separate components of 
the fumigant can be introduced. This may be 
done without affecting the insects. Alter¬ 
natively the apparatus allows of fumigation 
under reduced pressure. The circulating gas 
may be divided into two streams one of which 
serves to keep the mixture uniform, since some 
change of composition by absorption is un¬ 
avoidable, and the other passes through the 
insect chamber. By making this a bye-pass 
circuit and inserting a simple valve, the rate of 
passage through the insect chamber may be 
regiflated. 

The percentage kflls actually obtained in an 
experiment are replaced by dosages inferred 
on the assumption that there is a normal distri¬ 
bution of susceptibility. These inferred dosages 
are expressed in suitable units and are then 
plotted against the logarithms of the corre¬ 
sponding observed dosages and are generally 
found to give a fairly straight line, which may 
be arrived at by calculation or by inspection. 

I Weighting coefficients, for each observation, 
can be determined from this line and a more 
accurate line derived. It is also possible to 
determine whether the observations depart 
further from the line than would be expected 
by chance, in which case there is either a real 
departure fropi the simple proportionality or 
uncontrolled experimental conditions are causing 
undue fluctuations (Bliss, Ann. Appl. Biol. 
1935, 22, 134). One great advantage of this 
method of expressing results is the great increase 
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in accuracy it affords in arriving at the dosage 
required, with any given number of insects, 
which may be expected to give 100% mortality. 
The straight line, above described, can be 
readily extrapolated, and the logarithm of the 
dose corresponding to a percentage mortality as 
near as is reqiured to 100% can be read off. 
The accuracy of this value will vary with the 
departure of the observations from the line. 
The term dosage refers to a combined con¬ 
centration-time quantity. From the results of 
a large number of experiments Peters (Samm- 
lung chemischer Vortrage, No. 31,1936, Chemie 
und Toxikologie der Schadlingsbek&mpfung) 
considers it to be represented by the product of 
concentration of the fumigant multiplied by the 
time of exposure and that the toxic effect is 
proportional to this product. This relation is 
the same as that obtaining in the action of 
poisons on mammals and is known commonly 
as Haber’s rule. 

It seems that this is approximately true within 
limits for the separate quantities. In a practical 
fumigation the concentration is continually i 
varying and the toxic effect may therefore be 
expected to be proportional, within the same 
limits, to the value of the concentration-time 
integral or the area under the time-concentra¬ 
tion curve. 

The lowest satisfactory number of test insects 
is about thirty. The greater the number, the 
greater the accuracy with which the dose likely 
to give a desired percentage kill can be deter¬ 
mined. In the control of a heavy infestation, 
the percentage kill required may lie very close 
to one hundred and its determination will require 
a large number of test insects. By using large 
numbers of insects Pratt, Swain and Eldred 
(J. Econ. Entomol. 1931, 24, No. 5, 1041) 
succeeded in showing an effe<;t of protective 
stupefaction on preliminary exposure to sub- 
lethal doses of hydrogen cyanide which is of 
great importance in the fumigation of citrus 
trees. Gough (Ann. Appl. Biol. 1939, 26, 363) 
found that the offspring of resistant individuals 
of Tribolium canfiutum were more resistant to 
hydrogen cyanide than the offspring of suscep¬ 
tible individuals. The selection of a resistant 
strain, by partially effective fumigation, was 
suggested by Boyce (J. Econ. Entomol. 1928, 
21, 715). 

Attempts to determine penetration of a 
fumigant into goods by observing the toxic 
effect on test insects in small containers buried 
in the goods are often unsatisfactory owing to 
local disturbance of the texture of the material 
of the goods and to alteration of the sus¬ 
ceptibility of the insects. It is generally better 
to determine the concentration at various points 
within the material by sampling and analysing 
the atmosphere at these points. 

Vaporisation op Fumigants. —Most fumi¬ 
gants are supplied in the liquid form. The 
method of vaporising them varies with the 
volatility of the liquid, the prevailing tempera¬ 
ture and with the type and size of building 
fumigated. Moderately volatile liquids, such 
as hydrogen cyanide, carbon disulphide and 
methyl bromide are still, sometimes, applied 
by being poured into shallow pans and allowed 


to evaporate. Frequently volatilisation is 
assisted by immersing a heated coil in the liquid 
or by passing the liquid through a heated coil 
(Osbum, New Jersey Dept. Agric., Circular 188, 
1930; Page and Lubatti, J.S.C.I. 1933, 52, 
316T). Application of heat is particularly 
desirable with a substance such as hydrogen 
cyanide which has a large latent heat of 
vaporisation. 

Another method of application consists in 
spraying, under pressure, through fine nozzles. 
Ethylene oxide mixed with carbon dioxide, 
hydrogen cyanide and chloropicrin are often 
applied in this way. One objection is the danger 
of soaking certain porous goods or fabrics and 
hence of objectionable residues or of delayed 
vaporisation (Page and Lubatti, J.S.C.I. 1933, 
52, 323T). Screens of suitable fabric have been 
used to provide a large evaporating surface for 
the relatively non-volatile fumigant heavy 
naphtha (Ashmore and McK. Hughes, Brit. 
Med. J. 1937, i, 459). 

A more generally satisfactory method of 
application is that of heating the liquid in an 
apparatus called a vaporiser. Different t 5 rpes 
are described in the sections dealing with the 
common fumigants. 

Methods of Determination. —The con¬ 
centration of fumigant in the air can be deter¬ 
mined by the following methods: 

1. Aspirating a known volume of air and 

fumigant through bubblers containing 
absorbing solutions, in which the 
fumigant is subsequently determined 
(Eddy and Geddings, J. Econ. Entomol. 
1929, 22, 366). 

2. Collecting a known volume in an evacuated 

vessel which either contains the ab¬ 
sorbent solution or is provided with 
means for adding it later. 

3. Physical or physico-chemical methods in 

which a change of concentration is 
shown by the change of the electrical 
resistance of a hot wire, following a 
variation in its temperature. This may 
depend only on the thermal con¬ 
ductivity of the gas, as in the Catharo- 
meter (Daynes and Shakespear, Proc. 
Roy. Soc. 1920A, 97, 273), or on the 
change in the rate of catalytic com¬ 
bustion of the inflammable fumigant 
around the hot wire, which is itself 
the catalyst. 

4. Comparison of the refractive index of the 

air-fumigant mixture with that of a 
standard gas, by means of a differential 
refractometer (Taylor, Chem. and Ind., 
1939, 68, 1078). 

The catharometer is not «of general applica¬ 
bility since it is imduly sensitive to small 
changes of concentration of carbon dioxide and 
water vapour which occur in goods. 

Apparatus depending on catalytic combustion 
is especially suited to routine determination of 
concentration in the main space of a fixed 
chamber. The differential refractometer method 
is cumbersome and needs a costly apparatus 
and a large sample of gas. The asj^ration 
method has the following disadvantages: 
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(a) Dead space in connecting tubes, etc., 

makes it impossible to take a very small 

sample. 

(b) Inconvenience of using an aspirator or 

pump, except at a fixed chamber. 

(c) Inapplicability to sampling from chambers 

under reduced pressures. 

(d) Difficulty of collecting a large number of 

samples within a very short period. 

(e) Difficulty of sampling from a large number 

of points owing to the amount of flexible 

tubing required. 

The method of collecting the gas sample in 
an evacuated vessel is of wider appbcation 
than the others and has been considerably 
developed. 

In a recent form the evacuated vessel is 
opened electrically from outside the space being 
fumigated. Samples from hidden spaces, such 
as the interior of packed goods or the spaces in 
hollow walls, are obtained by attaching to the 
vessel a capillaiy tube which is inserted into the 
space (Page, J.S.C.I. 1935, 64 , 421T; Lubatti, 
J.S.C.I. 1936, 64 , 424T). 

The error in sampling from hidden spaces 
produced by adulteration of the sample by gas 
drawn in from the main space can be obtainexl 
from the formula, x —[a+ b(m ~ 1 )— (a—6)c“^]/mV 
where V=volume of inteigranular space, 
mV—volume of sample, a/V=initial concentra¬ 
tion of fumigant in intergranular space, 6/V= 
concentration of fumigant in surrounding space 
and a;=concentration of fumigant in sample. 

Since the intergranular spaces of goods vary 
greatly with their nature and method of 
packing, the calculation of this error is of some 
importance. In general the percentage inter¬ 
granular space is surprisingly large. Some 
representative values are: tobacco in cask, 
60; flour, 49; grain, 45; currants and raisins 
(in 66-lb. boxes), respectively 33 and 26; dates 
(in block), 2 (Page and Lubatti, J.S.C.I. 1937, 
66 . 64T). 

Residual fumigant in goods or building 
materials after fumigation and airing is usually 
recovered either by distillation or by dry 
aeration or by aeration of a suspension in a 
suitable liquid which is generally heated. The 
fumigant in the air stream is absorbed in a 
reagent and determined. 

Time-Concentration Curves. —Since the 
toxic effect of a fumigant is proportional, 
within limits, to the product of the concentration 
and the duration of exposure, a series of curves, 
for representative positions, gives a fair idea 
of the efficacy of a fumigation. Curves have 
been found generaHy to conform to one of four 
types (Pago, Lubatti and Gloyns, J. Hygiene, 
1939, 89 , 12), Fig. 1. 

Type I curves represent the change of con¬ 
centration in the main spatse being fumigated; 
a maximum is reached soon after the end of 
vaporisation and thereafter the concentration 
falls, more or less rapidly, according to the 
leakiness of the building and the absorptive 
nature of its fabric and contents. When airing 
begins, as indicated by the dotted line, there is 
a rapid and continuous fall in concentration. 
The value of the maximum is usually about 


4 to § the calculated concentration. Type II 
curves represent the change of concentration 
in spaces such as cupboards to which the 
fumigant is conveyed by diflPusion and con¬ 
vection from the main space, there being no 
direct application of fumigant. The curves are 
similar to those obtained for the main spaces 
except that the maximum concentration attained 
is lower and is reached later. 

A curve of type III is frequently obtained by 
sampling from lath and plaster partitions. A 
curve of type IV is characteristic of the change 
of concentration inside piles of absorbent 
material such as heaps of clothes. It will be 
seen that airing in t 3 pe 8 III and IV is very slow. 
In the fumigation of ships similar spaces are 



Fio. 1. 

met with and similar curves are found (Stock, 
Monier-Williams, Page, Lubatti and White, 
Bull. Off. internat. Hyg. Publ. 1933,26, 293). 

In the fumigation of empty warehouses for 
disinfestation of the fabric the curves obtained 
are of type I, but big differences are found 
depending on the ratio of the volume of the 
building to the surface area, on the absorptive 
nature of the fabric and on the air-tightness. 

Most unpainted building materials are ab¬ 
sorptive. This absorption is very greatly 
reduced by two or three coats of oil paint. The 
most leaky part of a building is usually the 
roof, but a boarded and felted roof is relatively 
air tight (Page and Lubatti, J.S.C.I. 1933, 62, 
309T). 

The construction of buildings and the materials 
of construction influence penetration into cracks 
and hidden spaces. Materials vary greatly in 
their transmissive properties. In tali, single 
storey warehouses the concentration is fre¬ 
quently too low near the ridges of the roof and 
can best be raised by stirring the whole of the 
air in the warehouse. 

Curves obtained when sampling from inside 
packages of goods approximate to type III, if the 
difficulty in penetrating the parage is due 
chiefly to the packing material, and show more 
resemblance to type I or II, if most of the loss 
of fumigant is due to absorption in the goods. 
For example, the concentration inside a 56-lb. 
block of dri^ fruit follows the concentration 
in the main space, type I curve, if there is no 
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packing material, but, as the block is enclosed 
first in parchmentised paper and then also in a 
wooden box the curves obtained approximate 
more to types II and III. Unless the fruit is 
extremely moist, there is practically no gradient 
of concentration within the box. With other 
substances such as flour in sacks and tobacco in 
casks or bales there is a very steep gradient. 
The construction of cases as well as the material 
used for them influences penetration. 

With curves of type III airing is slow and 
after the end of the fumigation a useful con¬ 
centration of fumigant remains for a considerable 
period, during which fumigation continues. 

It appears that the main source of loss of 
most fumigants is absorption in goods or porous 
materials, although there are few published 
data. 

For a particular product the most important 
variables are: concentration of fumigant, 
temperature, humidity and water content of 
the product. The rate of absorption is im¬ 
portant as well as the total amount of fumigant 
absorbed at equilibrium. 

Greatly improved distribution and penetra¬ 
tion are secured if goods are stacked in narrow 
piles with narrow alley-ways between. Boxed 
goods lend themselves to such systems of 
stacking. Dried fruit, for example, is stacked 
for fumigation, in tiers one box wide, with 
spaces of about 2 in. between the tiers, the two 
ends of each box being exposed to an alley-way. 
Cacao in bags cannot be stacked in piles narrower 
than two bags wide. In this way one end of 
every bag is exposed to an alley-way and the 
penetration is considerably better than when the 
piles are three or more bags wide (Page and 
Lubatti, J.S.C.I. 1933, 52, 323Tj Burns 
Brown, ibid. 1937, 56, 116T). 

It has been found best to fumigate goods in 
specially constructed chambers rather than in 
ordinary warehouses. These chambers have 
fixed characteristics so that the behaviour of 
fumigant in them can be foretold and conditions 
repeated and goods can be stacked in them in a 
standard way, an even distribution is thus 
assured and the concentration checked. The 
chambers can be of such a size as to allow of a 
repeat fumigation, if necessary, without undue 
expense, and they can be fitted with heating, 
vaporising, circulating and airing devices which 
make for economy and safety. Chambers 
designed to operate at atmospheric pressure are 
made of iron, bituminous felt or brick, well 
plastered and painted. If intended for fumi¬ 
gants, without appreciable’ fire-hazard they may 
be heated by internal sealed, electric tubular 
heaters. For other fumigants, heaters must be 
external or must consist of steam or water 
pipes. Any form of heating except hot water 
is dangerous for use with carbon disulphide. 
Steel barges are used successfully as fumigation 
chambers. Oil-dressed tarpaulins used to cover 
the hatches are very nearly gas-proof. Care 
must be exercised in sheeting down and the 
barges must be regularly overhauled. 

Chambers working under reduced or under 
slightly reduced pressure must be made of mild 
steel. They are now provided with circulating 
apparatus as well as with vacuum pumps. Some 


have interlocked doors, valves, etc., to ensure 
that no possible leakage can occur, and are 
now used where it is essential that no trace of 
fumigant should escape into the building in 
which they are housed. In multiple plant a 
certain amount of fumigant may be saved after 
the fumigation and passed to a second unit. 
The cycle of operation in chambers working at 
reduced pressure varies considerably from one 
company’s recommendations to another. In 
general, unless the goods to be treated are not 
very absorptive, only slight improvement in 
penetration is brought about by the use of 
highly reduced pressures. Claims have, however, 
been made for an increase of toxicity and 
decrease of absorption by pre-fumigations with 
carbon dioxide carried out in chambers working 
at reduced pressures (Young, Wagner and 
Cotton, J. Econ. Entomol, 1937, 30, No. 3, 560; 
Peters, Anz. Schadlingskunde, 1936, 12, No. 7, 
82; Lindgren, J. Econ. Entomol. 1936, 29, 
1132; Lepigre, Chim. et Ind. 1934, 82, 1263; 
Page and Lubatti, Nature, 1937, 189, 553). 

The advantage of the circulation of the 
fumigant, which is obtained in chambers, can 
also be obtained in storage silos by fitting them 
with special fans and piping. The alternative 
way of dealing with large bulks of grain, etc., 
is to mix with it, during loading, a material 
which will slowly give off a fumigant. Such a 
material is calcium cyanide, which reacts Avith 
water vapour, and with carbon dioxide to 
liberate hydrogen cyanide; another is ethylene 
oxide, cooled by mixing with solid carbon 
dioxide; whilst a third, which is used in Ger¬ 
many, is aluminium phosphide which generates 
phosphine by reaction with water vapour. 

The most important fumigants will now be 
considered in detail; the general chemistry of 
the gases employed will be found in other articles 
of this Dictionary. 

Hydrogen Cyanide.—This is one of the 
oldest fumigants and one of the commonest at 
the present day. It has a high toxicity to rats 
and to most insects. Certain beetles such as 
Calandra granaria and Trogoderma kharpa are 
very resistant. It is inflammable but not 
dangerously so, and considering its efficiency it 
is not unduly costly. 

Methods of Application .—In the original 
method it was generated in the space to be 
fumigated by the interaction of sulphuric acid 
diluted 1:2 by volume and sodium cyanide, the 
interaction of a solution of the cyanide and 
chlorate of sodium with concentrated hydro¬ 
chloric acid was also used, 2 g. of cyanide 
and 1 g. of chlorate were dissolved separately 
and the solutions mixed. To this was added 
10 c.c. of acid. A mixture of hydrogen cyanide 
and cyanogen chloride waa^ evolved. In using 
the sulphuric acid method it is essential that 
the acid be freshly diluted so as to be hot when 
the cyanide is introduced. In practice v^ or 
tubs were generally used and the cyanide tipped 
in from swivel boxes by means of a cord. It 
has been considered safer to pour a solution of 
cyanide into more concentrated acid through 
tubing (Stock and Monier-WiUiams, Min. Health 
Rep. on Health and Med. Sub. No. 19). A 
booklet by the Roessler and Hasslaoher Chemical 
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Co. (N.Y. 1932) gives the latest development 
of this so-called “ dumping ” or “ pot ** method. 

The gas may be introduced by vaporisation of 
liquid hydrogen cyanide, b.p. 26-5°. The liquid, 
stabilised by small amounts of acid, commonly 
oxalic acid, is generally stored in steel cylinders, 
but sometimes in small iron drums with double 
screw caps or in stout glass bottles with crown 
cork stoppers. 

It is applied in three ways: (1) By pouring 
it into shallow pans on the floor or on to the 
floor itself by operators wearing gas masks. 
(2) By forcing it, by means of air-pressure, 
through screwed iron tubing, terminating in 
spray nozzles, dosage being controlled by 
weighing. The tubing may be installed tempo¬ 
rarily, or permanently when the nozzles may 
be fixed inside the machinery of mills, etc. 
(Wagner, Cotton and Young, U.S. Dept. Agric. 
1936, “ The Machinery Piping System of Flour 
Mill Fumigation ”). (3) By evaporating it in 
vaporisers. A small vaporiser for hydrogen S 
cyanide consists of an open conical vessel wnth 
a removable lid; the hydrogen cyanide, which 
has been poured in, is boiled off by means of 
electrical heaters in good thermal contact with 
the bottom of the vessel. The Vaporiser is 
placed inside the space to be fumigated and the 
heaters connected to a source of supply outside. 
When all the liquid has evaporated, the tempera¬ 
ture of a fusible link rises until it melts and 
breaks the circuit by actuating a mercury' switch. 
This apparatus is not suitable for the fumigation 
of large buildings owing to the high electric 
loading required. Vaporisers with a large 
reserve of heat may be used, together with some 
method of transferring the liquid hydrogen 
cyanide to them after the sealing of the building 
for fumigation (Page and Lubatti, J.S.C.I. 
1933, 62, 316T; Akin and Sherrard, U.S.P.H. 
Repts. 1928, 43, No. 41, 2647; Walker and 
Eldred, Ind. Eng. Chem. 1925, 17, 1074). 
Liquid hydrogen cyanide may also be absorbed 
in granular material, e.g, kieselguhr. The 
proprietary product, “ Zyklon B ” contains also 
a stabiliser and lachrymator, generally a mixture 
of a simple chloro-ester and bromo-ester. It is 
sealed in cans which are opened with a special 
tool, covered with a rubber cap and placed in 
position. Operators, wearing gas masks, re¬ 
move the caps and distribute the granules on 
the floor or on pieces of sacking, etc. The 
evolution of cyanide is often complete within 
about fifteen minutes. After aeration the 
residue is disposed of safely. If the material 
is used in conjunction with chambers a special 
vaporiser is sometimes installed. This is 
placed in a gas-circulating circuit and may 
function either by passing hot air through the 
material after perforation of the ends of the 
container or by spreading the material over a 
water-jacketed surface after cutting out the 
lid and inverting the container (Heerdt, Vehr. 
deutsch. Ges angew. Entomol. 1924, July; But- 
tenburg and Deckert, Z. ges, Kfilte-Ind. 1926, 
82, 17 ; Beatty, J.R.A.M.C. 1926, 47, 69 ; J&ckel, 
Prakt. Desinfekt. 1927, 19, 35; Bdttcher, 
Desinfekt. u. Gesundheitsw. 1927, 19, 143; Akin 
and Sherrard (lx,); Gassner, Z. hyg. Zool. 
Sch&dlingsbek&mpf. 1937, 29, No. 6,176). Liquid 


hydrogen cyanide is also available absorbed in 
discs of wood pulp and stabilised, generally 
with acetic or sulphuric acid. These discs are 
very convenient for the fumigation of small 
spaces (Williams, U.S, Publ. Health Rep. 1931, 
46, No. 36, 2048; Page, Lubatti and Gloyns, 

I. C.). The rate of evolution of hydrogen cyanide 
from the discs varies with the temperature. 
Above 15®C. evolution is complete within 30 
minutes (Page and Gloyns, J.S.C.I. 1936, 65, 
213T). Lastly, the gas may be generated in 
situ from calcium cyanide either pure or con¬ 
taining additional hydrogen cyanide. The 
powdered or granular product is exposed in 
thin layers on the floor. If the atmospheric 
humidity is more than 40% relative humidity, 
hydrogen cyanide is liberated by the action of 
water from the air. Under favourable con¬ 
ditions only 6% of cyanogen may remain com¬ 
bined after a few hours. The residue is, of 
course, dangerous and care must be taken to 
dispose of the whole of it safely (M. S. Benjamin, 

J. Proc. Roy. Soc., N.S.W. 1926, 60, 38; book¬ 
let “ Cyanogas Calcium Cyanide,” by the Ameri¬ 
can Cyanamid Co.; Miles, Bull. Ent. Res. 1928, 
18, 251; Eddy, S. Carolina Agric. Expt. Sta. 
1929, Bull., No. 266; Young, Ind. Eng. Chem. 
1929, 21, 861; Dshalaganija and Iwanow, Chem. 
Zentr. 1938, 109, II, 2790; Peters, Booklet, 
“ A Short Guide to Tree Fumigation,” Frank- 
fort-on-Main, 1931; Smith, Chem. Zentr. 
1937, 108, II, 4092). 

Suitability of Hydrogen Cyanide for Fumigating 
Various Materials. —Tea, coffee, spices, deli¬ 
cately flavoured nuts, etc., are liable to be spoilt. 
Water, watery fats, and w atery and sugary foods 
such as milk, fruit, vegetables, both fresh and 
dried, minced meat, cheese and possibly other 
foods retain too much cyanide for raw consump¬ 
tion. About ten to twenty parts per million 
commonly remain in other products after aera¬ 
tion, the bulk of this being lost as a rule in cook¬ 
ing (Monier-Williams, Min. Health Rep. on 
Health and Med. Sub. 1930, No. 60). For deter¬ 
mination a weighed sample of food is suspended 
in water, acidified with phosphoric or sulphuric 
acid and then aerated or steam distilled. The 
hydrogen cyanide is collected in dilute aqueous 
sodium hydroxide and after addition of potas¬ 
sium iodide and ammonia it is titrated with 
N/SO silver nitrate according to the method of 
Denig^s (Compt. rend. 1893, 117, 1078 ; Lubatti, 
J.S.C.I. 1935, 54, 276T). Compounds with 
aldehydic or ketonic groups, such as dextrose 
and IsBvulose, may form moderately stable 
cyanhydrins (Monier-Williams, Min. Health 
Rep. on Health and Med. Sub. 1930, No. 60), 
and the toxicity of these compounds is not 
known. The rate at which they decompose is 
liable to be slow and independent of ordinary 
changes in the conditions of airing. Fumigated 
foods containing Isevulose, in particular retain 
hydrogen cyanide as cyanhydrin as well as in 
solution, etc. The total residual hydrogen 
cyanide may be recovered by aerating a boiling 
aqueous suspension which is only slightly acid, 
whilst only the fumigant which is dissolved or 
adsorbed is recovered if the suspension is 
strongly acid. Thus, by pairs of determina¬ 
tions, the combined hydrogen cyanide is 
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obtained by diflercnce. The fumigation of cold 
stores has been successfully carried out at a 
mean temperature as low as 6°C. (Buttenberg, 
Technisches Gemeindeblatt, 1925, 28, No. 6). 
Special problems of retention and aeration would 
seem to be involved. A survey of the literature 
on residual fumigants in foodstuffs, including 
grain and cereal products, has been made by 
Williams (Amer. J. Publ. Health, 1933, 23, 
No. 6). 

Dangers of Cyanide Fumigation. —All fumiga¬ 
tion should be carried out by competent, 
trained operators. Air containing hydrogen 
cyanide in the proportion of one part in one 
hundred thousand may be breathed with 
impunity, one part in ten thousand is definitely 
dangerous, and one part in two thousand 
quickly produces cyanosis, a general paralysis 
and affection of the nervous system, and un¬ 
consciousness followed by death unless first-aid 
is administered at once. One part in five 
hundred is immediately fatal (Monier-Williams 
and Stock, l.c. ; Page and Gloyns, J.S.C.I. 
1936, 65, 209T). For first-aid, see Military 
Surgeon, 1926, 69, No. 6, 642. It is essential 
that a fumigated space shall be sufficiently 
aired before being used. The customary tests 
are the behaviour of white mice and the time 
taken to produce a standard blue colour on a 
filter paper freshly moistened with separate 
solutions of copper acetate and benzidine 
acetate. Other reagents are also employed 
(Katz and Longfellow, U.S. Bur. of Mines, 
Serial 2504, and J. Ind. Hyg. 1923, 6, 27; 
Deckert, Z. Desinfekt. u. Gresundheitsw. 1930,22, 
82 ; Oppenheim, J. Ind. Hyg. 1925,7,415; Chem. 
Age, 1925, 13, 474; “ Methods for the Detection 
of Toxic Gases in Industry,” H.M. Stationery 
Office). There is sometimes a danger of gas 
continuing to accumulate over a long period by 
desorption from fumigated goods, particularly 
from woollens and from bedding when this is 
warmed, for instance, by body heat (Kaiser, 
Wiener kKn, Wochenschr. 1928, 41, 958; 
Williams, Pests, 1938, 6 , 15 (11)). Ventilation 
of houses after fumigation has been studied by 
Page, Lubatti and Gloyns {l.c.) who have made 
recommendations for airing differently con¬ 
structed houses both in winter and summer, 
furnished and unfurnished. The effect of heat¬ 
ing the houses immediately after ventilation is 
also considered. 

Addition of a Warning Gcls. —This is generally 
a lachrymator such as a chloro- or bromo-ester, 
chloropicrin or cyanogen chloride. It may be 
of service where unskilled labour is used, but in 
general its value is doubtful (Pohl and Tesch, 
Desinfektion, 1926, 11, 87; B.P. 271514, May 
23rd, 1927; C. M. Hasselmann, Zentr. Ge- 
werbehyg. Unfallverhiit, 1927, 16, 65; Bellogin 
and Viciano, Med. paises cdlidos Madrid, 1929, 
2, No. 1, 3). 

Bactericidal Action. —This is very 8%ht, 
c/. Monier-Williams (l.c.) ; also Fleury (Bull, 
^c. Chim. Biol. 1925, 7, 797, and Compt. rend. 
1926, 92, 596) as well as Nagel (Prakt. Desinfekt, 
1927,19, 267). 

Special ChamJbers, Apparalusy etc. — See Build¬ 
ings for Fumigation of Railway Cars (Chem. and 
Metal, 1923, 27, 1160); Wolters, Industrial Fumi¬ 


gation Chambers. (Zentr. Gewerbehyg. Un- 
lallverhtit, 1928, 16 , 161); “ Liston’s Gas Dis¬ 
infector,” W. Glen Liston (J.S.C.I. 1926, 44 , 
370). One or two British firms now manu¬ 
facture fumigation chambers and equipment. 

Application of Hydrogen Cyanide to the 
Fumigation of Ships. —The principal objective 
is the killing of rats which succumb far more 
readily than do the majority of insects and 
mites. The usual dose is 2 oz. hydrogen cyanide 
per 1,000 cu. ft., nominal concentration for at 
least 4 hours. Hydrogen cyanide is the most 
used fumigant on ships, having partly displaced 
sulphur dioxide on the score of efficiency and 
freedom from action on metals, fabrics, etc. 
The “ pot ” method of fumigation is nearly 
obsolete, liquid hydrogen cyanide is used chiefly 
in this country and America whilst “ Zyklon 
B ” is used principally in Germany. Zyklon has 
the advantage of easy regulation of dosage in 
small compartments, an advantage which is 
shared also by “ discs.” The chief difficulty in 
ship fumigation is penetration into hidden rat 
holes, pipe casings, propeller tunnels, dead spaces 
j boarded up round tanks, etc., and other hiding 
places. Aeration is not always efficient. The 
actual work is trying on account of the short 
time available and of the cramped design of a 
ship’s interior. The chief purpose of killing the 
rats is to prevent the spread of the plague flea 
which they carry. Cockroaches, which com¬ 
monly abound, are greatly reduced in number 
by fumigation and a heavy dose is sometimes 
given to the quarters and galleys for this pur¬ 
pose. Occasionally ships are fumigated when 
laden with cargo, but hydrogen cyanide must not 
fall upon this (Stock and Monier-Williams, 
l.c. ; Akin and Sherrard, l.c. ; W. Heerdt, Prakt. 
Desinfekt. 1927, 19 , 36; “ Memorandum on 
the Fumigation of Ships,” H.M. Stationer}-^ 
Office, 1928; Ridlow, U.S. Publ. Health Rep., 
1931, 46 , No. 28, 1623; WiUiams, ibid. 1931, 
46 , No. 29, 1680, and No. 18, 1031; Symes 
and Roberts, Rep. Med. Res. Lab. Kenya, 1934, 
20; Rev. Appl. Entomol. 1936, 24 , B, 103). 

A comparison of the distribution and penetra¬ 
tion of hydrogen cyanide and sulphur dioxide in 
ships has been made by Stock, Monier-Williams, 
Page, Lubatti and White, Bull. mens, office 
intern, hyg. publ. 1933, 26, 293. 

Carbon Dioxide.—This has long been used 
for the fumigation of grain. It is probably of 
value as an aid in air-tight storage in specially 
sound bins (W. W. Froggatt, Agric. Gaz. 
New South Wales, Sydney, 1921, 32, 472; 
Liverpool Grain Storage and Transit Co., B.P. 
4299!^). It is now chiefly used in admixture 
with other fumigants, at present mainly with 
ethylene oxide, when it serves two purposes, 
viz. the reduction of fire risk of an inflammable 
fumigant and the intensification of its toxic 
action. This last effect has been correlated 
with an observation by Hazelhoff (J. Eoon. 
Entomol. 1928, 21 , 790) of the opening of the 
spiracles of PeHplaneta amerkana in the 
presence of carbon dioxide. It has been 
observed to exert an ageing effect (Janisch, E., 
Arb. Biol. Reichsanst. I^iand-u-Forstwirts. 1924, 
13 , No. 2, 173), and is used as a fore-gas in 
vacuum fumigation to decrease the adsorption 
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by goods of the more toxic fumigant (E. R. 
(McGovran, J. Econ. Entomol. 1932, 25, No. 2, 
271; Cotton and Young, Proc. Entomol. Soc. 
[Wash.], 1929, 81, No. 5, 97; R. T. Cotton, J. 
Econ. Entomol. 1930, 28, No. 1, 231; Jones, 
ibid, 1935, 28, 476). 

Sulphur Dioxide—This is used mainly for 
the fumigation of ships for the control of rats. 
The toxicity has been determined by Wade 
(Rpt. Med. Off. Local Govt. Bd. 1903-1904 
and 1905-1906,* Bonjean, Rev. Hyg. 1921, 
48, 260; Clark, J. R. N. Med. Service, April, 
1932). It is not highly toxic to insects, but 
is still fairly extensively used to kill bed¬ 
bugs. Its chief advantages are safety and 
cheapness. It is usually generated in situ by 
burning sulphur in iron pans, or carbon disulphide 
by a patented method. About 10% sulphur 
trioxide is produced by burning sulphur 
(Lubatti, J.S.C.I. 1936, 344T). Its chief 

value is as a warning agent. Sulphur dioxide 
seriously affects many substances, e.g. wool and 
most textiles which are reduced in strength 
and dyed material which is often partly bleached. 
The germination of grain is seriously reduced. 
The baking strength of flour is greatly reduced 
and fresh and dried foods are mostly spoilt. 
All the common metals are attacked. Sulphur 
trioxide is even more destructive. In the 
Clayton process (Pacha, Bull. mens, office intern, 
hyg. publ. 1933, 25, 1358) the sulphur is burnt 
in a special apparatus which is brought along¬ 
side the ship, air drawn from the holds being 
passed over it and returned by a system of 
pipes and blowers. The nominal dose, pre¬ 
scribed by different countries for the control 
of rats in ships varies from 40-60 oz. per 
1,000 cu. ft., the time of exposure from 1-8 hours 
(Stock, Bull. mens, office intern, hyg. publ. 1933, 
May session; Wade, lx.; Williams, U.S. Publ. 
Health Rep. 1934, 48, 89; Stock, Monier- 
WiUiams, Page, Lubatti and White, lx.). Sul¬ 
phur dioxide is still extensively used as a 
bactericide. B. anthracis is particularly resis¬ 
tant to it (Wade, l.c.; Trembur. Arch. Hyg. 
1906, 52, 255; Croner, “ Lehrbuch der Desin- 
fektion,” 1913; Rideal and Rideal, “ Chemical 
Disinfection and Sterilisation,” 1921). 

Ethylene Oxide. —This important fumigant 
is stored and transported in steel cylinders as 
a liquid, b.p. 10*6°. It is used in three ways, 
either by being sprayed through a short bifur¬ 
cated copper tube, the carbon dioxide with 
which it is mixed assisting to expel it from 
the cylinder, or by vaporising it in a suitable 
vaporiser, or by mixing the liquid with the 
requisite amount of solid carbon dioxide, the 
resulting slush being used mainly for the fumi¬ 
gation of grain with which it is fed automatically 
or by shovelling into the silo bin or elevator. 

A suitable vaporiser is described by Page and 
Lubatti (J.S.C.I. 1935, 54, 246T). This com¬ 
prises spray jets and deflectors for spreading the 
liquid over a corrugated heat-exchange surface 
placed in a water bath which is heated byj 
immersion heaters. After passing through a I 
mist trap, in which the temperature of the gas 
is raised, it is led to the fumigation chamber | 
through a thick-walled rubber hose. The 
average lethal dose for most insects is roughly 


three times that of hydrogen cyanide. Certain 
insects are, however, relatively more susceptible 
to ethylene oxide, e.g. Calandra spp. It is a 
very effective ovicide and is much less toxic 
to man than is hydrogen cyanide, an overdose 
produces nausea and vomiting which generally 
lasts about 8-10 hours. The pure gas is colour- 
j less and odourless, but commercial prepara¬ 
tions, which are generally about 97-98% pure, 
have a characteristic ethereal-aldehydic odour. 
This is not very powerful and is not a reliable 
j guide to the concentration after airing. Smart¬ 
ing or tingling of the eyes is produced by con- 
I centrations of 16 mg. per litre or more. Short 
spells of work may be undertaken in concentra¬ 
tions of 1-2 mg. per Litre. According to Fleury 
(Verhandl. deut. Path. Ges. 1930, 10, 4) a 
concentration of 1 mg. per litre is dangerous, 
but 0*5 mg. per litre can readily be endured for 
1 hour. In Germany houses fumigated with 
ethylene oxide must be ventilated for at least 
6 hours and the resid.ual concentration must not 
be more than 0-6 mg. per litre (Reichsgesundheits- 
blatt, 1935, No. 3, 45; Chem. and Ind. 1935, 
58, 16). Precautions to be taken when fumi¬ 
gating with ethylene oxide are described by 
Walker and Greeson (J. Hygiene, 1939, 82, 
409). The inflammability, which is comparable 
with that of acetylene, has been determined by 
Jones and Kennedy (Ind. Eng. Chem. 1930, 22, 
146) and by Deckert (Zentr. Gewerbehyg. 
Unfallverhiit, 1931, 18, 28). Complete freedom 
from fire risk necessitates dilution with more 
than seven times the amount of carbon dioxide; 
mixtures containing only 10% carbon dioxide, 
however, are non-inflammable at the concentra¬ 
tions obtaining during practical fumigation 
except during a short initial period. Ethylene 
oxide and carbon dioxide have the same mole¬ 
cular weight and do not separate in the fumiga¬ 
tion chamber. Two mixtures are in common 
use, the German “ Attox ” or ” 7^~Gas ” contain* 
ing 10% carbon dioxide and a mixture known as 
“ Cartox ” in Germany and as “ Carboxide ” 
in America containing 90% carbon dioxide. 
This is used chiefly for the fumigation of grain 
(Teach, Z. hyg. Zool. Sch&dlingsbekampf. 1937, 
29, 244). The distribution of ethylene oxide in 
large spaces has been studied by Page and 
Lubatti (J.S.C.I. 1933, 52, 309T). They found 
a marked layering near the floor owing to cooling 
of the air by the spray. This was overcome by 
vaporising the liquid by heat and by stirring 
the air. The distribution in barges containing 
dried fruit in boxes has been studied by Bums 
Brown (J.S.C.I. 1937, 56, 116T). With suitable 
stacking even distribution was readily obtained. 
In order to ensure satisfactory concentrations 
near the hatch covers it was necessary to release 
the gas at several points in close proximity to 
them. 

Suitability of Ethylene Oxide for Fumigating 
Various Materials .—The flavour of ham, choco¬ 
late and cocoa has been stated to have been 
impaired, but reports to the contrary have also 
been made. P^bably purity of the oxide is 
the determining factor. Some foods, such as 
nutmeats, absorb large quantities of the gas, 
as also do watery foods. It softens lacquer and 
seriously reduces the percentage germination of 
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most seed. Some of the oxide absorbed is con¬ 
verted into glycol or bke compounds the physio¬ 
logical action of which may be expected to be 
slight (Browning, “ Toxicity of Industrial 
Organic Solvents,” H.M. Stationery Office, 1937, 
p. 333). Ethylene oxide must be used with 
caution, however, on all viable matter. It is 
used more for dried fruit, nuts and grain than 
for other products, although stored apples and 
potatoes are treated with it (Vayssi^re, Compt. 
rend. Acad. Agric. France, 1936, 22, 934), and 
it is said to be suitable for meats and dairy pro¬ 
ducts (Austr. Food Manufac. 1935, 5, 5). It is 
used in Germany against bed-bugs (Hasc, Z. hyg. 
Zool. Schadlingsbek&mpf, 1937, 29, 65; Tesch, 
Z. Gesundheitstech. u. Stadtehyg. 1933, 25, 326), 
and in Germany and the U.S.A. for killing insects 
as w^ell as rats in ships (Brown, IJ.S. Naval Med. 
Bull. 1934, 32, 294; Schwartz and Dcckert, Z. 
Desinfekt. u. Gesundheitsw. 1931, 23, 405). The 
reagent used for absorbing ethylene oxide, 
whether this be drawn from the air space or 
driven out of fumigate<i products by aeration 
(Sudendorf and Kroger, Chem.-Ztg. 1931, 55, 
569), is a standard solution of hydrochloric acid 
saturated with sodium chloride (l)eckert, Z. 
anal. Chem. 1930, 82, 297), or, better, with 
magnesium chloride (Lubatti, J.S.C.I. 1932, 51, 
36IT) or magnesium bromide {idem. ibid. 
1935,54,424T). Chlorohydrin is formed and the 
excess acid is titrated; see aUo Kerckow, Z. 
anal. Chem. 1937, 108, 249; Deckert, Angew. 
Chem. 1932, 45, 569. General references: 
Young and Bus bey. Pub. Div. Insecticide 
Invest. Washington D.C. Bur. Entomol. Plant 
Quarantine, April, 1935; Potter, Ann. Appl. 
Biol. 1937, 24, 415; MacBride, Chem. Zentr. 

1936, I, 416; Shepard, Lindgren and Thomas, 
Minnesota Agric. Exp. Sta. Tech. Bull., No. 120, 

1937. 

Carbon Disulphide. —This is one of the 
oldest fumigants and is still largely used, 
particularly in remote parts, where its ease 
of transport and of application are a great 
advantage. It is applied either by sprinkling 
or spraying over the goods to be fumigated, or 
by pouring into shallow pans placed at the top 
of the chamber. Either method is satisfactory. 
The chamber must be air-tight and the tempera¬ 
ture not below 70°F. Better results are obtained, 
especially in cold weather, by using a heated 
vaporiser such as that described by Weigel, 
Young and Swanson (U.S. Dept. Agric. 1927, 
Circular No. 7). Carbon disulphide is cheap so 
that a heavy dose may be given up to 10 or 16 lb. 
per 1,000 cu. ft. It is moderately toxic to man, 
and the vapour should be breathed as little as 
possible (Browning, “ Toxicity of Industrial 
Organic Solvents,” H.M. Stationery Office, 1937, 
p. 361). In air-tight containers filled with grain 
or like material the penetration is said to be 
excellent owing to the displacement upwards of 
the inter-granular air by the heavy vapour; 
allowance must be made for absorption on the 
grain. 

Inflammability .— Carbon disulphide is highly 
inflammable and has a very low flash-point and 
ignition temperature. It is never used in 
buildings without the addition of a large pro¬ 
portion of carbon tetrachloride to lessen the 


fire risk. This mixture, however, is a poor 
fumigant and owing to the different partial 
pressures of the constituents and the different 
densities of their vapours it is prone to change 
in composition and to give non-toxic or in¬ 
flammable fractions. One prominent feature 
of carbon disulphide is its ineffectiveness against 
I eggs, another is its ansssthetic effect on other 
I stages (Hamlin and Heed, 3. Econ. Entomol. 

! 1927, 20, 400, and 1928, 21, 783). It is suited 
to the fumigation of damj) or viable produce 
such as seeds or potatoes but cartnot be used 
wdth any fatty material. 

Determhiation. —Carbon disulphide in food¬ 
stuffs may be detected by the sensitive reactions 
of Perkins (Pharm. J. 1924, 113, 101 and 131), 
Malowan (Parfiimeur, 1930, 4, 21), Feigl and 
Weissenberg (Z. anal. Chem. 1931, 83, 93), and 
Tischler (Ind. Eng. Chem. [Anal.], 1932, 4, 
146). It may be determined in alcoholic solu¬ 
tion by distillation or aeration, absorption in 
alcoholic potash which converts it into the 
xanthate and oxidation to sulphate by bromine 
(Spielmann and Butler Jones, J.S.C.I. 1919, 
38, 185T; Huft, J. Amer. Chem. Soc. 1926, 
48, 81; Matuszak, Ind. Eng. Chem. [Anal.], 
1932, 4, 98; Marsh and Cruess, Fruit Products 
and Amer. Vinegar Ind. 1929, 8, No. 6 , 31; 
Komar and Maevskaja, J. Appl. Chem. Russia, 
1934, 7, 433; Higgins and Pollard, J.S.C.I. 
1937, 56, 122 T). Mixtures with carbon tetra¬ 
chloride may be analysed by the method of 
Warren (Amer. J. Pharm. 1923, 95, 864) or by 
that of Spausta (Motorenbetrieb. u. Maschinen- 
Schmierung, 1930, 7, 7). General references; 
M. R. Os bum, N.J. Dept. Agric. 1930, Circular, 
No. 188 (Fresh Fruit); Sanders and Wahl, 
Union S. Africa Dept. Agric. 1927, Bull., No. 28 
(Maize); Wenholz, Agric. Gaz. New South 
Wales, 1927, 38, 255 and 367 (Maize); Jancke 
and Lange, Z. angew. Entomol. 1930, 17, No. 2, 
386 (Herbarium Plants); Vichamco, Philippine 
Agric. 1932, 20, No. 9, 593 (Timber); Larson, 
J. Agric. lies. 1924, 28, 347 (Beans); K. Endo, 
Kontyfi, 1937, 11, 70; and Rev. Appl. Entomol. 
1937, 25A, 335 (Wheat). 

The Halogenated Hydrocarbons. —Car¬ 
bon tetrachloride, trichlorethylene and ethylene 
dichloride are fumigants of some importance. 
The order given is that of increasing inflamma¬ 
bility ; ethylene dichloride is barely inflammable, 
carbon tetrachloride is a good fire extinguisher. 
They require a temperature of 70°F. or over to 
be really effective unless a heated vaporiser is 
used, and their vapours are all much heavier 
than air. Carbon tetrachloride, which is 
commonly used with carbon disulphide, may be 
replaced by trichlorethylene. Ethylene di¬ 
chloride is by far the most toxic. It is used to 
some extent, mixed with carbon tetrachloride 
in the ratio of 3:1 by volume, for the fumigation 
of grain and of furniture and other goods in 
special chambers some of which are heated. A 
combination with trichlprethylene is useful 
since a mixture can be selected, the partial 
vapour pressures of the constituents of which 
are equal. There is also the advantage of the 
greater toxicity of trichlorethylene. 

Pentachlorethane is a constituent of a spray- 
cum-fumigant used in the disinfection and 
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disinfestation of rolling stock (L. F. Hoyte, Ind. 
Eng. Chem. 1928, 20, 460 and 931; J. E. 
Thomas, J. Counc. Sci. Ind. Res. Australia, 1929, 
2, 128). These compounds do not much reduce 
the percentage germination of grain (A. Muller, 
Chem.-Ztg. 1927, 51, 510). If pure they have 
little action on metals (Formdnek, Chem. Zentr. 
1930, 101, II, 976). They are definitely poisonous 
(Browning, “ Toxicity of Industrial Organic 
Solvents,” H.M. Stationery Office, 1937, 136). 

Trichhr ethylene is used as a seed disinfest ant 
(Bouhelier and Fouvy, Rev. Path, v 6 g. 1938, 
26, 5). 

Experiments have been conducted by a few 
workers on methallyl chloridct CHgtCMe’CHoCl 
(Briej^r, Nature, 1938, 141, 1099; “Methallyl 
Chloride as a Fumigant against Insects in¬ 
festing Stored Products,” N. V. de Bataafsche 
Petroleum Maatschappij). 

Methyl Bromide has been widely tested and 
found to be very effective, but its use on a large 
scale so far has been restricted owing to its 
toxicity to man. While there is no doubt that 
this is high it need not prove an insuperable 
drawback. The evidence at present is some¬ 
what conflicting (Mackie, J. Econ. Entomol. 
1938, 31, 70; Fiske and Shepard, ibid, 1938, 
81, 79; Slunro, Rep. Entomol. Soc. Ont. 1938, 
68 , 72). Methyl bromide is non-inflammable 
and has been used to reduce fire risk of ethylene 
oxide (Le Goupil, Rev. Path. v 6 g. 1932, 19, 
169). 

Dichlorbenzene is used as a fumigant 
against clothes moth (Suter, Swiss P. 201548), 
against wood-boring beetles and against potato 
weevils, Cyclas formicarius (U.S. Dept. Agri., 
Leaflet No. 121). For use against wood-boring 
beetles the ^-dichlorbenzene is dissolved, some¬ 
times in o-dichlorbenzene, and sprayed or 
applied to the woodwork with a brush, after 
wldch the holes should preferably be filled with 
bees-wax or covered with pasted paper. 

n-Dichlorbenzene was used fairly extensively 
for bed-bug fumigation in houses. This practice 
is now deprecated by the Ministry of Health 
which has advised local authorities against it 
pending further investigations on its toxicity 
to man. It appears to have a cumulative toxic 
effect at low concentrations and long periods of 
exposure; houses fumigated with it could not 
be aired sufficiently rapidly (Cameron and 
Thomas, J. Path. Bact. 1937, 44, 281). 

Chloropicrin is a fumigant with a fairly high 
toxicity. Its use is limited by its corrosive 
action on metals, its destruction of yeast 
activity, its bleaching of flour, and other dis¬ 
advantages (Chapman and Johnson, J. Agric. 
Res. 1925, 81, 745). It is a powerful lachry- 
mator, is poisonous and its effects are probably 
cumulative, some persons being peculiarly sensi¬ 
tive. It is quite widely used, although not in 
this country. It is applied by spraying under 
pressure, as in the machinery piping system 
for flour mills described by Dean, Cotton and 
Wagner (U.S. Dept. Agric. 1936, Circular No. 
390). It is also sprinkled over goods or ladled 
into milling or other machinery. It is also used 
in chambers equipp^ with vaporising, gas 
circulating and heating devices. It is very 
slightly soluble in water by which it is not 


hydrolysed. Its vapour is stated not to be 
strongly absorbed by fibrous materials although 
it is readily hold by active charcoal (Herbst, 
Biochem. Z. 1921, 116, 204). It is said to have 
an irritant action at a concentration of 0-02 mg. 
per litre (Kiss, Z. ges. Schiess- u. Sprengstoft'w. 
1930, 25, 260 and 300). According to Deckert 
(Z. liyg. Infektionskrankh. 1929, 109, 485) this 
physiological detection is more sensitive than 
any of the chemical tests. The principal 
chemical tests are those of Nekrassov (Voina i 
Tecnica, 1926, 275, 32) in which a yellow 
precipitate is formed by passing the gas through 
an alcoholic solution of the potassium salt of 
dithioethylene glycol; and of Deckert (Z. anal. 
Chem. 1938, 113, 183) in which dimethylaniline 
paper changes from white to yellow or maroon 
in presence of the gas. The first reaction may 
be used for determination since potassium 
chloride is formed quantitatively. The lachry¬ 
matory property of chloropicrin should be a 
safeguard in its use. The limit of supportability 
is said to be 0*05 mg. per litre whilst the lethal 
exposure time at a concentration of 1*0 mg. per 
litre is said to be 20 minutes (Prentiss, 
“ Chemicals in War,” New York, 1937). 
General references.—Grain: Harukawa and 
Kumashiro, Bcr. Ohara Inst. 1934, 6 , 407; 
Bertrand, Chim. et Ind. 1937, 37, 419. Rice: 
Kono, J. Plant Prot. 1937, 24, 520. Bed-bugs : 
Gounelle and Roul, Rev. Service Sant. Milit. 
1937, 106, 881. Tobacco: Skalov, Tobacco 
Ind. 1934, No. 1 , 20. Rats : Piedallu, Bull, 
mens, office intern, hyg. publ. 1930, 22, 763; 
Johnson, Sanit. Products, Sect. Soap, 1935, 
11, 105, 107, 109. Bacteria: Violle, Compt 
rend. 1926, 182, 290. Elimination after fumi¬ 
gation : Jefimenko, Chem. Zentr. 1937, 108, II, 
2035. Bibliography : Roark and Busbey, U.S. 
Dept. Agric. Bur. Entomol. Plant Quarantine, 

1935, E-351; Expt. Sta. Rec. 1935, 73, 647). 

Other Fumigants. — Ethyl and methyl for¬ 
mates are used, chiefly in the fumigation of 
packed goods, e.g. dried fruits (Co-operated 
Dried Fruits Sales Pty. Ltd., Chem. Zentr. 

1936, 107, I, 1935). When these are used on a 
larger scale, e.g. in milling machinery, a large 
proportion of carbon dioxide is added to reduce 
inflammability. 

Phosphine^ generated by the action of moisture 
from the air on aluminium or calcium phosphide 
contained in packets, is used in Germany, 
chiefly for the fumigation of bulked grain. 
The packets are buried in the grain which is 
exposed to a low concentration for a long period 
(Mayer, Z. Gesundheitstech. Stadtehyg. 1934, 
26, 377; Freybcrg, Chem. Zentr. 1937, 108, II, 
125), The poisonous nature of the gas is 
stressed by Flury (Anz. Schadlingskunde, 1937, 
18, 26). 

Hydrogen Sulphide is used principally in 
Russia, against rats (Krylova, Bull. Plant 
Protection, U.S.S.R. 1935, 6 , Ser. 3, 68 ; Amer. 
Chem. Abs. 1937, 31, 2342); as a seed disinfec¬ 
tant (Vzoroff, Bull. Plant Protection, Leningrad, 
1935, 6 , Ser. 3,-48; Rev. App. Myc. 1936, 15, 
669); for grain and vegetables (Edelman, 
Lenin Aoad. Agric. Sci. 1936, 422; Rev. Applied 
Entomol. 1937, 25A, 158). 

A frewjtion of heavy tar naphtha with a 
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boiling range of about 15O--180°C. is now 
being used in England for the fumigation of 
empty buildings, chiefly houses infested with 
bed-bugs (Ashmore and McK. Hughes, Brit. 
Med. J. 1937, i, 459; Cameron, J. Path, Bact. 
1938, 46, 95 ). The proportion of low boiling 
constituents is governed by the flash point, a 
certain proportion of unsaturated heterocyclic 
compounds should be present as well as a 
proportion of paraffins, of which the cyclic 
paraffins are the more toxic, and a small 
proportion of cresols. 

The foUowing is a short list of papers dealing 
with practical methods of fumigation in 
Germany and America and with the suitability 
of different fumigants for various products :— 
Back and Cotton, U.S. Dept. Agric. 1935, Circ. 
P. 3638, 369; Peters, Chera. Zentr. 1938, 109, 
I, 703; Anz. Sch&dlingskunde, 1938, 14, 116; 
Gassner, Z. hyg. Zool. Schkdlingsbekampf. 1937, 
29, 176. Dried fruit: Simmons, U.S. Dept. 
Agric. Bur. Entomol. Plant Quarantine, 1935, 
E-853, 15; Amcr. Chem. Abs. 1936, 30, 8418. 
Bed-bugs: Gunderson and Strand, J. Econ. j 
Entomol. 1939, 82, 106. Grain and flour: 
Shepard, Minn. Agric. Expt. Stat. Tech. Bull. 
1937, 120, 3; Amer. Chem. Abs. 1937, 81, 
7185. 

A. B. P. P. 

FUNGISTEROL (v. Vol. IV, 331c). 

F U RAN . [Furfuran] 
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Furan is a five membered heterocylic ring 
containing four carbons and one oxygen. It 
was first obtained by Rohde and is described 
by Limpricht (Ber. 1870, 3, 90) under the name 
of Tetraphenol. Derivatives of furan were 
known as far back as 1780 when Scheele first 
obtained a-furoic acid (pyromucio acid) by 
pyrolysis of mucic acid. Furfural, the a- 
aldehyde of furan, was discovered by Dobereiner 
(Annalen, 1832, 8 , 141). 

Furan occurs in the wood oil obtained by the 
distillation of resinous woods such as Pine 
(Atterberg, Ber. 1880, 18, 879). It is a consti¬ 
tuent of Finnish oil of turpentine (Aschan, 
Z. angew. Chem. 1907, 20, 1813). Furan has been 
obtained by heating succindialdehyde with 
water in a sealed tube at 180° (Harries, Ber. 1901, 
84, 1496); by the distillation of calcium succinate 
(Metzner and Vorlander, Ber. 1898, 81, 1886); 
by distillation of 2:5-dihydrofuran with phos¬ 
phorus pentachloride (Henninger, Ann. Chim. 
Phys. lfe 6 , [vi], 7, 220); by distillation of the 
barium salt of pyromucio acid with soda lime 
(Limpricht, Annalen, 1873, 165, 281); ap¬ 
parently by passing acetylene and steam over 
aluminium oxide at 400-425°; and together 
with other products by passing acetaldehyde or 
paraldehyde over heat^ AljOj (Tschitschi- 
babin, Chem. Zentr. 1916, 1, 920). 

Furan is obtained in moderate yield when 
furfural vapours are passed through soda lime 
at 350° (Hurd and Osborne, J. Amer. Chem. 
Soc. 1932, 54, 2532). 

Preparation,—Furan has been prepared by 


heating pyromucic acid (furan- 2 -carboxylic acid, 
a-furoic acid) in a sealed tube for 2 hours at 200 - 
275*^ (Freundler, Compt. rend. 1897, 124, 1157). 

An improved method of preparation is given 
in “ Organic Syntheses ” Collective Vol. I, p. 269; 
the furan- 2 -carboxylic acid is distilled from 
round bottom flask which is fitted with an 
upright tube 2-5 cm. in diam. and 15 cm. long 
provided with a side arm of the same diameter 
about 2 cm. from the top. The side arm extends 
into the bottom of an efficient 25 cm. soda lime 
tower immersed in water at 40° to prevent 
condensation of furan. From the top of the 
tower an outlet tube 5 cm. in diam. is extended 
to the top of an upright water condenser, to 
the lower end of which is attached a receiving 
flask surrounded by ice and salt. The top of 
the upright tube in the reaction flask is closed 
by a cork stopper holding a glass rod for pushing 
back any sublimed acid into the flask. The 
acid is heated to its boiling-point, 200-205°, 
when furan and COj are evolved. The furan 
is redistilled, b.p. 31-34°/745 mm., yield 78%. 

The above method has the disadvantage that 
it is necessary to push back sublimed a-furoic 
acid in order to avoid clogging and to obtain 
a more complete conversion of the acid into 
furan. H. Gilman and M. Lousinian (Rec. 
trav. chim. 1933, 52, 156) have found that the 
decarboxylation of a-furoic acid may be effected 
with 90% yield if crude tar bases are used as 
solvent with small quantities of CUSO 4 or CuO 
as catalyst. 

A further improvement has been made by 
E. Wagner and J. Simons (J. Chem. Educ. 1936, 
13, 265) using CuO as catalyst but substituting 
quinoline for the crude tar bases. The CuO is 
i^uced to Cu and can be used repeatedly with 
the same quinoline without loss of efficiency. 

Constitution ,—A satisfactory formula should 
take into account. 

( 1 ) The tendency of furan to form oxonium 
compounds (Gilman and Wright, J. Amer. 
Chem. Soc. 1930, 52, 3349). 

( 2 ) The super-aromatic properties of the furyl 
radicle (see p. 399d), exce^ng those of phenyl 
and thienyl (Gilman and Towne, Rec. trav. chim. 
1932, 51, 1054). 

(3) The highly chromophoric properties of 
the nucleus (Stobbe and Eckert, Ber. 1905, 88 , 
4074). 

(4) Marked tendency for a- substitution. 

(5) Apparent conjugated system that under¬ 
lies I:4'addition (Gilman and Wright, l,c,). 

The following formul?© have been suggested: 
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I is the form in general use to-day and was 
suggested by Baeyer and Emmerllng (Ber. 1870, 
3, 617; Marchwald, ibid. 1888, 21, 1401). 

Since the distribution of the fourth valency 
of each C-atom is unknown, formulae II (Stein- 
kopf et al.f Annalen, 1921, 424, 61 ; 1922, 
430, 78), III (Hughes and Johnson, J. Amer. 
Chem. Soc. 1931, 53, 737) and IV (Baeyer, 
Ber. 1877, 10, 1368) have been suggested by 
analogy with benzene. 

V has been suggested by Gilman and Dickey 
(Iowa State CoU. J. Sci. 1932, 6, 381), and VI is 
a modification of the Kekul^ revised formula 
for benzene, h being the active form. 

Gilman, Burtner and R. Vanderwal (Rec. 
trav. chim. 1933, 52, 151) have demonstrated 
the equivalence of the two a and also of the two 
p positions; thus VI6 is not now feasible. 

Electronic formulae for the furan ring are 
discussed in a paper by E. Hughes and J. 
Johnson (lx.). 

Physical Properties. —Furan is a colourless 
liquid which may be solidified by rapid evapora¬ 
tion (Limpricht, lx.), b.p, 31‘4-31*67756 mm.; 
(Henninger, l.c.), d° 0-9626; rfi*’ 0-938, 
1*4214 (Landrieu, Baylocq, Johnson, Bull. Soc. 
chim. 1929, [v], 45, 36). 

Heat of vaporisation 95*60 g.-cals. at 31*2° 
(Mathews and Fehlandt, ibid. 1931, 53, 3212). 

Specific heat Cp (molal) of furan is given by 
14-2341 + 7-188 x 10-*i-l*071 x 10-*<2 (Jennings 
and Bixler, J. Physical Chem. 1934, 38, 747). 

Furan is insoluble in water, easily soluble in 
alcohol and ether, the vapour is quantitatively 
absorbed by 82*6% H JSO4 and this method may 
be used for the separation from ethylene but not 
from other unsaturated hydrocarbons (Hurd 
and Golds by, J, Amer. Chem. Soc. 1932, 54, 
2568). 

Furan and simple derivatives exhibit no selec¬ 
tive absorption in the visible or ultra-violet 
regions (to 2200a). Molecular absorption coeffi¬ 
cients are, however, consistently higher for a- 
than for jS-derivatives and give a means of 
distinction (Hughes and Johnson, l.c.). 

Chemical Properties. —Furan decomposes 
at 670-740° in a quartz tube without a catalyst 
as contrasted with a temperature of 360° when 
heated in the presence of a nickel catalyst. The 
products at 670° are CO 76%, saturated hydro¬ 
carbons and hydrogen 12%, unsaturated hydro¬ 
carbons 13% (acetylenes; CjHi; CjHg, allene, 
c^clopropene and butadiene) (Hurd and Goldsby, 
l.c,). 

Furan and certain of its derivatives resinify 
with mineral acids, thus rendering nuclear sub¬ 
stitution difficult (Limpricht, Ber. 1870, 3, 90); 
but many negatively substituted furan deriva¬ 
tives are stable towsurds acids (including halogen 
acids), Gilman and Young (Rec. trav. chim. 
1932,61, 761). 

MetaUio sodium and alkalis do not attack 
furan and it combines neither with bisulphite 
nor hydroxylamine. 

Hemctian. —^Reduction with hydrogen in the 
presence of nickel at 170° gives tetrahydrofuran, 
b-p. 64-66°/760 mm. together with n-butyl 
alcohol and other products (Bourguignon, 
Chem. Zentr. 1908,1, 1630). 


Catalytic reduction using PdO gives 93-6% 
tetrahydrofuran (Starr and Hixon, Organic 
Syntheses, 1936, 16, 17-80). 2:5-Dihydrofuran 
is known but has not been prepared by hydro¬ 
genation. 

Oxidation .—Peracetic acid mainly poly¬ 
merises furan but one of the products obtained 
in small yield forms a hydrazone. 

Perbenzoic acid in chloroform gives a benzoate 
of l:2-dihydroxy-l;2-dihydrofuran, m.p. 98-100° 
(Boeseken, Vermji, Bunge and van Meeuwen, 
Rec. trav. chim. 1931, 50, 1023). 

Vanandium pentoxide at 250-410° with air 
or oxygen yields 65% maleic acid (N. Milas 
and W. Walsh, J. Amer. Chem. Soc. 1935, 67, 
1389). 

The Liebermann-Burchard reaction applies also 
to furan and many of its derivatives: 1-2 drops of 
solution or 10-20 mg. of solid dissolved in 2 c.c. 
chloroform, 10 drops of (CH3C0)20 and 1-3 
drops of cone. HgSO^ added (Levine and 
Richman, Proc. Soc. Exp. Biol. Med. 1934, 
31, 582). The pine splinter reaction (pine chip 
moistened with HCI) used for the pyrrole ring 
is also applicable to furan and most of its com¬ 
pounds. The monosubstituted furans give a 
green colour, but the high melting furans give 
a red colour similar to that given by pyrrole 
compounds. The Ehrlich teat for the pyrrole ring 
(6-dimethylaminobcnzaldehyde) is also given 
by the high melting furans (Reichstein, Helv. 
Chim. Acta, 1932, 15, 1110). 

Nitration .—By treatment of furan with 
fuming nitric acid in acetic anhydride, 5-nitro- 
2-acetoxy-2:5-dihydrofuran is obtained (Mar¬ 
quis, Compt. rend. 1902, 134, 776; Johnson, 
J. Amer. Chem. Soc. 1931, 53, 1142). The 
nitro group markedly increases the stability of 
furan (Gilman and Wright, ibid. 1930, 52, 2550). 

Sulphonation .—Furan has not yet been sul- 
phonated but 2-furan8ulphonic acid and its 
derivatives have been prepared by indirect 
methods. 

Ice-cold furan in chloroform treated with ozone 
diluted with CO2 gives a resin on evapora¬ 
tion which on treatment with water leaves 
a maroon-coloured compound of formula 
CiaH.gOjo, soluble in cold 10% NaOH and 
glacial acetic acid, and gives the characteristic 
reaction with a pine splinter. The ozonide of 
furan is so unstable (decomposition above 0°) 
that it could not be isolated (M. Freri, Gazzetta, 
1933, 63, 281). 

Gilman and Breuer have succeeded in obtain¬ 
ing metallic derivatives of furan, e.g. 2-furyl- 
soffium (J. Amer. Chem. Soc. 1934, 56, 1123). 

The Friedel-Crafts reaction has been frequently 
applied in furan chemistry for nuclear substitu¬ 
tion (Gilman and Calloway, ibid. 1933, 55, 4197; 
McCorkle, Gilman and Calloway, ibid. 1934, 66, 
745). 

Furan reacts with dry HCN and HCI 
(Gatterman reaction) except when both a- 
positions are occupied or when the — COOR or 
phenylene groups replace H in the ring (T. 
ReieJ^tein, Helv. Chim. Acta, 1930, 13, 349, 
1930). 

Aromatic Properties. —Super-aromatic pro¬ 
perties are ascribed to a compound when it 
undergoes a typical aromatic reaction more 
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readily than the parent unsubstituted com¬ 
pound. Like thiophen, furan, and especially the 
a-substituted furans, possess super-aromatic 
properties. The jS-substituted furans are less 
aromatic but appear to exceed the benzene types 
which they otherwise resemble closely. The 
results show that 2-furyl, 2-thienyl and phenyl 
are decreasingly aromatic (Gilman and Towne, 
Rec. trav. clum. 1932, 61, 1054; Gilman and 
Calloway, J. Amer. Chem. Soc. 1933, 55, 4197; 
Gilman and Young, ibid. 1934, 56, 464). 

Orientation. —(1) Direct nuclear substitution 
of furan gives an a-mono-substituted furan and 
no jS-substituted isomer is formed. 

(2) Direct nuclear substitution of an a- 
substituted furan gives an aa'-disubstituted 
furan, apparently to the exclusion of any iso¬ 
meric ajS-disubstituted furan. 

(3) Direct nuclear substitution of an aa'- 
disubstituted furan yields generally but one 
aa'/S-trisubstituted furan. If in an aa'-disub¬ 
stituted furan one of the substituents is an 
o-p-director in benzene and the other a m- 
director the entering element or group is directed 
to that j3-position contiguous to the o-p-director 
(Gilman, Calloway and Smith, ibid. 1934, 56, 
220 ). 

(4) Direct nuclear substitution of )3-substituted 
furans, now available by indirect methods, in¬ 
volves the replacement of an a-hydrogen. If the 
)3-group is an o- 7 )-director in the benzene series 
the entering group goes to the contiguous a-C 
atom, if a m-director to the more remote or 
opposite a-C atom (Gilman and Burtner, ibid. 
1933, 65, 2903). 

See also Gilman and Wright, Chem. Review, 
1932, 11, 323; Gilman et al, “Orientation in 
the Furan Nucleus,” J. Amer. Chem. Soc. 1932, 
onwards. 

Derivatives. —Nomenclature; 

HC—CH HC—C— 

hIoI- hIoIh 

a-Furyl or Furyl-2. /3-Furyl or FuryI-3. 

HC—CH HC—CH 

IL II 1 II / 

HC-OCCHj— HCOCCH<^ 

Furfuryl. Furfuryliden. 

HC—CH HC—CH 

II II ^ 11 II / 

HCOCC^ HCOCCO 

Furfurenyl. Furfuroyl (Pyromucyl). 

The following are a few of the more important 
compounds; 

Fur Jural {q.v.). 

Sylvan or 2-methylfuran is obtained from the 
distillation of wood oils, b.p. 65^/759 mm. 
(Harries, Ber. 1898, 81, 37). 

Ethylfuran, b.p. 91*3® (Paul, Bull. Soc. chim. 
1935, [v], 2 , 2220). 

Furfuryl alcohol, liquid with a characteristic 
odour, b.p. 68-^9®/! 0 mm., b.p. 170-1717768 mm. 
(Erdmann, Ber. 1902, 85, 1856). Furfuryl 
alcohol is used in the manufacture of resins and 
textile dyes. 


FURFURAL (furfurol, furfuraldehyde, 2- 
furaldehyde, pyromucic aldehyde), 

CH CCHO 

II II 

CH—CH 

is formed in small yield in a wide variety of 
organic decompositions, such as the distillation 
of oak timber, the fermentation of carbohydrates, 
and from sugar by the action of sulphuric acid 
and manganese dioxide (Dobereiner, 1830), but 
the only practical method of preparation is the 
dehydration of pentoses (or pentosans, which 
give pentoses on hydrolysis) by boiling with 
dilute HCI or H2SO4 (Pervier and Gortner, 
Ind. Eng. Chem. 1923, 15, 1167, 1265). The 
furfural distils off in steam. The reaction pro¬ 
ceeds thus : 


OHj 

*CH- 

-HC* 

1 

loHj 

H 1 

• in 

C 

j Hi ■' loHi-CHO 


\ 

\o 

|h 



CH—CH 


—^ CH CCHO 

(ToUens and Stone, Annalen, 1888, 249, 227). 
Pentosans are present in all naturally occurring 
cellulosic materials such as wood, straw, bran 
and grain hulls. Oat hulls are a very fruitful 
source, containing 32-36% of pentosans, and 
have been utilised by the Quaker Oats Co., Ltd., 
for the large scale preparation of furfural 
see Miner and Brownlee, U.S.P. 1735084. The 
hulls, moistened with 6% sulphuric acid, are 
hydrolysed at 150® by a current of steam at 60 lb. 
pressure in rotary steel autoclaves. The fur¬ 
fural is recovered by fractionation. For high 
yields, a small water-hull ratio is essential, the 
best yield (10% on the weight of the huUs) 
being obtained when the ratio is 0*27 (Brownlee, 
Ind. Eng. Chem. 1927, 19 , 422). 

Pure furfural is a colourless liquid miscible 
with most organic solvents except petroleum 
hydrocarbons and glycerol. Mains (Chem. 
Met. Eng. 1921, 26, 779, 841) gives; b.p. 
161*7°/760 mm., f.p. -36*67 dif 1*1598, 
M545. 

20“ 30“ 90“ 

% % % 

Solubility of furfural in water 8*3 8*8 16*6 

Solubility of water in furfural 4*8 6*8 13*6 

Mains also gives densities, boiling-points and dis¬ 
tillation composition of various water-furfural 
mixtures. Evans and Ayle&worth (Ind. Eng. 
Chem. 1926, 18 , 24) give L62608, b.p. 
161*7®/760 mm. They also give the vapour- 
pressure curve from 40-170°, t.e. 8 to 966 mm. 
Berthelot and Rivals (Compt. rend. 1896, 120 , 
1086) give the heat of formation as 49*7 kg.-oal., 
The flash point 66-67°. Mathews (J. Amer. 
Chem. Soc. 1926, 48 , 662) gives the heat of 
vaporisation as 107*51 g.-cal. 

For the detection of furfural ToUens reagent 
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(orcinol in HCI) is most sensitive, giving a red 
colour with 1 part in 600,000 (Justin-Mueller, 
J. Pharm. Chim. 1921, [vii], 24, 334). The use 
of aniline (Tolman and Trescot, J. Amer. Chem. 
Soc. 1906, 28, 1629) or xylidene (Suminokura 
and Nakahara, 1929, A, 86 ) in place of the 
orcinol are recommended. The test with orcinol 
has been extended to a colorimetric method of 
estimation by Fleury and Poirot (J. Pharm. 
Chim. 1922, [vii], 26, 87). 

Three methods of estimation are in use : 

( 1 ) Reaction with hydroxylamine hydro¬ 
chloride and titration of the HCI liberated by 
the formation of the oxime (Noll, Bolz and Belz, 
Papier-Fabr. 1930, 28, ii, 568). 

(2) Precipitation with phloroglucinol in HCI 
(Krober et al., Z. angow. Chem. 1902, 15, 477). 

(3) Pervier and Gortner have reviewed all 
previous methods and devised a method of 
electrometric titration with potassium bromate 
(Ind. Eng. Chem. 1923, 15, 1167, 1255). For 
the occurrence and estimation of furfural in 
foodstuffs, see papers by Lampitt et al. in the 
Analyst, 1927-31. 

Although furfural has only been a commercial 
product since 1923, it and its numerous deriva¬ 
tives have found wide application in industry 
and offer promise of considerably increased use¬ 
fulness. As a selective solvent it is used in the 
purification of lubricating oils (Bryant, Manley 
and McCarty, Oil and Gas J. 1935, 83, 50) and 
of pine resin (Kaiser and Hancock, Ind. Eng. 
Chem. 1930, 22, 446), and in the extraction of 
impurities from oils and fats (Tischer, U.S.P. 
2090738). Among numerous minor uses as a 
solvent may be mentioned its use in the grinding 
wheel industry, when it is used as a solvent for 
the binder (Brock, U.S.P. 1537454), for cellulose 
nitrate (Trickey, Ind. Eng. Chem. 1927, 19, 
643) and in the shoe dyeing industry, where its 
great penetrating power and relatively non-toxic 
character m,'-fee it an ideal solvent (Miner, U.S.P. 
1760076). A recent patent suggests its use in 
the manufacture of crease-resisting cloth (B.P. 
445243). 

It has found use as a wetting agent to prevent 
efflorescence on silica films and bubbles on 
electrotype plates. 

It is important in the manufacture of synthetic 
resins. It combines readily with phenols to give 
potential resins, which when heated under 
pressure with an accelerator give excellent 
mouldings (Novotny, U.S.P. 1398146; Peters, 
Ind. Eng. Chem. 1936, 28, 766). 

Similar condensations occur with amides 
(Cherry and Kurath, U.S.P. 1800816; Moss and 
White, U.S.P. 1902266), ketones {idem, U.S.P. 
1902266) and other groups. It forms an im¬ 
portant condensation product with lignin 
(Phillips, U.S.P. 1750^3). Some furfural resins 
are easily photosensitised and find application 
in lithography and etching of metals (Beebe, 
Murray and Herlinger, U.S.P. 1587269). 

Furftiral offers promise as a fungicide, hacteri- 
cide and herbicide. Athlete's foot and swimmer’s 
itch, both funjgus diseases, yield to treatment 
with it, and it is also useful to destroy organisms 
that attack grain (Reddy, Phytopath. 1930, 20, 
147). An emulsion of kerosene (89), furfur- 
aldehyde ( 10 ) and crude petroleum ( 1 ) is em- 
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ployed with success in the destruction of annual 
weeds especially dandelions (Melhus, U.S.P. 
2007433). It is a preservative for glue and 
starch and for biological preparations. It has 
also been suggested for use as a fly repellant and 
in synthetic perfumes. 

A recent patent claims that it is fatal to rata 
but harmless to all domestic animals except 
rabbits (de Wiczwinszky, F.P. 696394). 

Mercury hydrofuramide has been used in the 
treatment of fungus diseases in wheat. 

In iia chemical properties furfural closely 
resembles benzaldehyde, giving furoin with 
KCN (Fischer, Annalen, 1882, 211, 214) and 
a green dyestuff with dimethylaniline (Renshaw 
and Naylor, J. Amer. Chem. Soc. 1922, 44, 862). 
It gives a urethane, m.p. 169°, and a semi- 
carbazone, m.p. 202-203°. It is somewhat less 
sensitive to atmospheric oxidation than benz¬ 
aldehyde, but more sensitive to light and acids. 

Ammonia reacts in the cold with furfural to 
yield hydrofuramide, m.p. 117° (C 4 H 30 *CH) 3 N 2 
(Schiff, Ber. 1877, 10, 1186). This compound is 
used as an accelerator and anti-oxidant in the 
manufacture of resins (Novotny and Kendall, 
U.S.P. 1705496). 

Nitration of furfural with HNO 3 d 1-6 in 
acetic anhydride below —5° gives 5-nitro- 
furfural diacetate, m.p. 92*5°, which on hydrolysis 
gives 5-nitrqfurfural, m.p. 76-76° (Gilman and 
Wright, J. Amer. Chem. Soc. 1930,52,2550,4165). 

Furfural undergoes the Cannizzaro reaction 
with sodium hydroxide to give furfuryl alcohol 
{C^H^O)CH^‘OH, b.p. 83°/24 mm., L4869, 
and furoic acid (pyromucic acid), 
{C^H^O)COOH, 

m.p. 131-132° (Hurd, Garrett and Osborne, 
J. Amer. Chem. Soc. 1933, 55, 1082). Furoic 
acid may also be obtained by the oxidation of 
furfural with permanganates, dichromates or 
catalytically. Esters of furoic acid have been 
suggested as plasticisers and solvents. 

Under certain conditions furfuraldehyde may 
be oxidised to maleic acid, yields of 80% being 
claimed in one process (Zumstein, U.S.P. 
1956482). This opens up the possibility of the 
commercial use of the Diels-Alder reaction. 

Furfuryl alcohol is also prepared by the 
catalytic reduction of furfural using nickel 
(Pactea and Ponti, Atti. R. Accad. Lincei, 1906, 
15, II, 610), or iron (Pringsheim and Noth, Ber. 
1920, 58 [B], 114). Using palladium black 
(Weinhaus, ibid. 1920, 53, [B] 1656) or platinum 
black (Kaufmann and Adams, J. Amer. Chem. 
Soc. 1923, 45, 3029; 1925, 47, 1098) there are 
obtained furfuryl and tetrahydrofurfuryl 
CHa—CHj 

(Ihj chch.oh 

o 

alcohol and various pentane diols. With im- 
activated PtOj the reaction stops at furfuryl 
alcohol (Pierce and Parks, ibid. 1929, 51, 3384). 

Furfuryl and tetrahydrofurfuryl alcohols are 
manpfactured commercially using nickel cat¬ 
alysts (Peters, U.S.P. 1906873; I.C.I., B.P. 

337296) and find application as solvents in 
the resin industry, for textile printing pastes 
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(Durand and Huguenin, F.P. 769171) and for 
paint removers (Mains, U.S.P. 1381485, 1483687) 
Furfuiyl alcohol with HCI gives a jet-black resin 
used for the tops of laboratory tables (Fawkes, 
U.S.P. 1732124). Tetrahydrofurfuryl alcohol 
offers possibilities as a wetting agent (Bertsch, 
U.S.P. 1967656; H. Tr. Bbhrae A.-G., B.P. 
393164, 402296) especially in the mercerisation 
of cotton (Soo. Chem. Ind. Basle, B.P. 431662). 

Furfuryl xanihate has found commercial appli¬ 
cation as a flotation agent in ore refining (Keller, 
U.S.P. 1969269). 

Furfuryl Ethers (Wissell and Tollens, Annalen, 
1893, 272, 303): 


b.p. dll 

Methyl. 134-136° 10316 

Ethyl. 148-150° 0-9884 

n-Propyl .... 164-166° 0-9722 

Amyl. 196-198° — 


Furfuryl Esters .—The ordinary methods of 
esterification cannot be employed as mineral 
acids resinify the alcohol. Resort must be had 
to the action of acid anhydrides or to SchoUen- 
Baumann reactions. The following esters are 
water-white oily liquids with pleasant odours 
(Zanetti, Amer. Chem. J. 1925, 47, 535): 



b.p. (corn) 



760 mm. 

1 mm. 


Acetate 

. . . 175-177° 


11175 

Propionate 

. . . 195-196° 

59-60° 

M085 

Butyrate 

. . . 212-213° 

69-70° 

10630 

Valerate 

. . . 228-229° 

82-83° 

10284 

Benzoate 

. . . CO. 275° 

— 

— 

(Wissell and Tollens, l.c.). 



FURIL, 

CioH.O,, FUROIN, 



0C4H3-C0-C0-C4H30 


Furfural behaves like an aromatic aldehyde 
undergoing the (icyloin polymerisation in 
presence of potassium cyanide, 

2OC4H3 CH0=0C4H3 CH(0H) CO C4H3O 
The acyloin (furoin) can be oxidised to the 
diketone (furil). 

For the preparation of furoin, E. Fischer 
(Annalen, 1882, 211, 218) boiled 40 parts of 
furfural, 30 parts of alcohol, 80 parts of water 
and 4 parts of potassium cyanide for 30-46 
minutes and crystallised the product from a 
mixture of toluene and alcohol. Prisms, m.p. 
135°. It gives a methyl ether (Irvine and i 
McNicoll, J.C.S. 1908, 93, 1610); OLcetyl deriva¬ 
tive, m.p. 76-77° (Fischer) and two isomeric 
oximes, m.p. 160-161° and 102 ° respectively 
(A. Werner and Detscheff, Ber. 1906, 88 , 79; see 
also Macnair, Annalen, 1890, 258, 222); phenyl- 
hydrazone, m.p. 79-81° (Macnair). Heat of 
combustion, 1097-7 kg. cal./mol. at const, vol. 
(Wrede, Z. physikal. Chem. 1910, 75, 92). 

For the oxidation of furoin to furil, E, Fischer 
(l.c. 221 ) dissolved 1 part of furoin in 12 parts 
of hot alcohol, rapidly cooled the solution and 
brought the fine crystalline separation into solu- 
tion with a little caustic soda. An equal volume 
of water was added and air drawn through at 0 ° 
until the greenish-blue colour had given place 
to a dirty brown; precipitation was completed 
by the addition of water and the furil oiystal- 
lised from alcohol. Yellow needles, m.p. 162°, 
Furil is obtained in 63% yield by oxidation of 
furoin (improved preparation given) with 


CUSO 4 in pyridine (Hartman and Dickey, J. 
Amer. Chem. Soc. 1933, 55, 1228). 

Furil gives a- and ^-monoximes, m.p. 106° 
and 97-98° respectively, also a- and ^-dioximes, 
m.p. 166-168° and 188-190° decomp, respec¬ 
tively (Macnair, l.c. 226). The a-dioxime (but 
not the ) 3 -compound) gives complexes with 
various metallic salts (Tschugaeff, Ber. 1908, 
41, 1681) and has been recommended for the 
estimation of nickel (v. Vol. II, 612c). The 
oxime, as obtained by refluxing furil with 
hydroxylamine hydrochloride in presence of 
methyl alcohol is sufficiently pure for the pur¬ 
pose, it is soluble to the extent of about 2 % 
in boiling water and its nickel derivative has 
an approximate solubility of 1 : 6 , 000,000 in 
water and is less liable to contamination with 
unchanged dioxime than the corresponding 
benzildioxime salt (Soule, J. Amer. Chem. Soc. 
1926,47, 982). 

Furil yields a phenylhydrazone, m.p. 82-83°, 
and phenylosazone, m.p. 184° (Macnair, l.c. 226). 

J T H 

F U RI N E , furfurine, 2:4:6-trifuryl-4:6-di- 
hydroimidazole, Ct 5 Hi 203 N 2 , is prepared by 
converting furfuraldehyde into hydrofuramide 
with aqueous ammonia and effecting the cyclisa- 
tion either with boiling dilute caustic potash 
(Bahrmann, J. pr. Chem. 1883, [ii], 27, 313) or 
with liquid ammonia containing potassamide 
(H. H. Strain, J. Amer. Chem.|Soc. 1930,52,1216): 
3 C 4 H 3 O-CHO+ 2 NH 8 

(C 4 H 30 CH:N)2CH-C4H80 
C 4 H 80 -CH—NHv 
- 1 JCC,H,0 

C 4 H 3 OCH— 

Furine is a mono-acid base, m.p. 117°, soluble 
in organic solvents and in hot water, sparingly 
soluble in cold water; it forms an insoluble 
oxalate and a characteristic nitrate, m.p. 94° 
(Strain, l.c.), but melting at 182° after crystal¬ 
lising from alcohol-ether (Del 6 pine, Bull. Soc. 
chim., 1888, [iii], 19, 176, gives m.p. 154°). 
Furine yields iBofurine on heating with sodium, 
and a nitrosamine, CjgHnO^Nj, in presence 
of nitrous acid (Schiff, Ber. 1878, 11, 1250). 

Furine has been proposed as a rubber 
vulcanisation accelerator (J. P. Trickey and G. J. 
Leuck, Ind. Eng. Chem. 1926, 18, 812), furine 
is also claimed to have a beneficial effect on the 
ageing properties of vulcanised rubber (B.P. 
315661), to be an inhibitor of the autoxidation of 
aldehydes (U.S.P. 1766760) and, adsorbed on 
infusorial earth, to act as a disinfectant and anti¬ 
septic (U.S.P. 1738740). 

FUROIC ACID t7. Fubfubal. 

FUROIN V. Fubil. 

FURUNCULIN. A medicinal preparation 
of dried yeast (Zellner and JVolff, Pharm.-Ztg. 
1913, 58,1046). 

FURYL ALCOHOL v. Fubfubal. 

FU8ANOL8. The names, o- and p-fusand, 
were given by Sudborough and Rao (J. Indian 
Inst. Sci. 1922, 5> 163) to two sesquiterpene 
alcohols which they claimed to have isolated 
from the wood oil of Eucarya spicata, the so- 
called West Australian sandalwood oil. The 
more recent investigations of Penfold (J. Proo. 
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Roy. Soc. N.S.W. 1928, 82, 50; 1932, 86, 240), 
however, have shown that these alcohols cannot 
have been homogeneous since the oil contains, 
in addition to the santalols, a primary alcohol 
having a very low density {circa 0-938), which is 
probably acyclic. There would appear to be 
no reason for retaining the names a- and 
fusanol in the literature. 

J. L. S. 

FUSEL OIL (Ger. Fuselol; Fr. Huile de 
pommes de terre). This substance is produced 
in comparatively small quantities in the alcoholic 
fermentation of various bodies, e.g. potatoes, 
fruit, beetroot and grain. The proportion 
present varies according to the original sub¬ 
stance, the condition of the mash and the method 
of fermentation. The alcohol obtained from 
potatoes usually contains the largest proportion. 
Alkaline liquids, particularly when warm and 
containing large quantities of sugar, promote 
its formation, while acid liquids, especially 
when containing tartaric, racemicor citric acids 
are said to prevent its production. The presence, 
in any quantity, of tartar or certain bitters such 
as that of hops also has an inhibitory effect, so 
that wines, etc., are usually free from fusel oil. 

The proportion present in the alcohol finally 
produced also depends upon the method of 
rectification, that from pot stills containing 
higher proportions than the product of highly 
rectifying patent stills. When the latter are 
used, however, the amount of fusel oil obtained 
as a by-product naturally tends to increase. 
Thus the development of the commercial pro¬ 
duction of alcohol of very high strength has 
resulted in an increase in the quantity of fusel 
oil rejected during rectification. As an example, 
before 1923 no fusel oil was produced in the 
Philippine Islands. Now 1-5% of the crude 
alcohol produced is collected as fusel oil. Fusel 
oil is contained principally in those fractions of 
the alcoholic distillate boding between 105° and 
136°. Between 105° and 120° most of the iso- 
butyl alcohol is obtained whilst the amyl 
alcohols distil principally between 128° and 132°. 
According to Forte (Philippine J. Sci. 1924, 25, 
406), if a continuous still is used the fusel oil 
tends to collect at a point in the column where 
the alcoholic concentration is about 43% and 
it may be tapped off. If batch rectification is 
used the third and fourth fractions, containing 
15-20% of fusel oil, are collected in a separating 
tank and rectifier. This has been confirmed by 
other workers although the distribution of the 
oil is affected by the conditions of rectification ! 
and it may easily be extended to higher fractions. 
Kilp and Deplanque (Z. Spiritusind. 1934, 57, 
306) have studied the formation of fusel oil in 
relation to the generation of alcohol in mashes 
made of potato flakes and molasses. They found 
that in the former alcohol was generated 1 hour j 
before any fusel oil oould be found whilst in the j 
latter the fusel oil formation preceded that of 
the alcohol by 5 hours. Kilp {ibid. 219) also 
found that barley malt and oat malt mashes 

f ave approximately the same fusel oil content. 

tigher alcohols are said to be rapidly produced 
after fermentation ceases. They, therefore, tend 
to increase the longer the interval between fer¬ 
mentation and distillation. This may be due 


to some organism other than yeast becoming 
active after the latter has ceased to work. 
Glimm and Stentzel (Z. ges. Brauw. 1931, 54, 49, 
57, 65) state that the production of fusel oil in 
beer depends on the time and temperature of 
storage, as well as on the amino-acid content of 
the wort, increasing to a maximum with in¬ 
creased time, after which it remains constant. 
The elimination of fusel oil from the final product 
has resulted in an increase in the proportion to 
he found in the spent wort, and Liihder (Z. 
Spiritusind. 1926, 49, 286) points out the neces¬ 
sity for its removal if the residue is to be used as 
animal food. 

Fitael Oil in Potable Spirits .—The injurious 
effect of raw or recently manufactured spirits 
has been attributed to the presence of fusel oil 
produced during the fermentation and not 
thoroughly separated. Bell considered it to 
be due rather to furfural and other empyreumatic 
bodies and this view was supported by louder 
Brunton, who thought that the toxic effect of 
spirit may also be attributed, in some cases, 
to the presence of traces of alkaloidal bodies, 
arising from the decomposition of albuminous 
I substances in the mash. Schidrowitz also 
found in new whisky substances such as pyrrole, 

[ phenolic bodies, traces of nitriles, etc., which 
disappear as the spirit matures (J.S.C.I. 1905, 
24, 586). The actual adulteration of alcoholic 
liquors with fusel oil is improbable, but spirits 
containing 0-3% are usually deemed to be 
injurious, although the general tendency of the 
evidence given before the Royal Commission 
on Whisky and Potable Spirits was to show 
j that the harmful effect of spirits is due to the 
j ethyl alcohol itself rather than to fusel oil or 
other secondary products present. Prior to 1887 
Beer recommended a maximum permissible 
limit of the fusel oil in brandy, liqueurs, etc., 
of 0-3%; but Bodl&nder and Traube (Rep. 
Anal. Chem. 1887, 7, 167), who examined 
a number of commercial spirits, proposed a 
h'mit of 0-10-0-16%. Raw “ brandy,'’ pro¬ 
duced in Switzerland from potatoes, maize 
and the residues from breweries, has been found 
to contain 1-32% of fusel oil. After filtration 
through charcoal it contained 0-2%, aftor rectifi¬ 
cation 0*06%, whilst after being subjected to 
both processes the product contained none 
(F. Pampe (Chem.-Ztg. 1887, 11, 313). Kuma¬ 
moto (J. Chem. Soc. Japan, 1932, 50, 30) found 
the composition of sweet-potato fusel oil to be 
90-8% alcohols, 0-9% acids, 2-4% esters, with a 
trace of organic bases and furfural. The 
alcohols consist of 77-4% Lamyl alcohol, 12-9% 
MO-amyl alcohol. In Scotch whisky containing 
64-5% of alcohol, Dupr6 (Analyst, 1876, 1, 6) 
found 0*19 parts of fusel oil in 100 parts by 
weight of alcohol, whilst Hamberg (Schmidts 
Jahrb. der Medicin, 1884, 201, 27) found about 
0-001% in beer. According to Bird (Int, Sugar 
J. 1927, 29, 84) Demerara rum contained only a 
trace of fusel oil. Bird advanced this as an 
indication of the purity of the product. 

Detection of Fusel Oil .—When a sample of 
spirit is poured on filter paper or on the hand 
and allowed to evaporate spontaneously, the 
characteristic odour of fusel oil may be recog- 
niefOd towards the close of the evaporation. 
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So small a proportion as 5 ^^ part of amyl 
alcohol in gin may thus be detected. On dis¬ 
solving 1 g. of caustic potash in 150 ml. of the 
spirit, concentrating slowly to 15 ml, and adding 
an equal volume of dilute sulphuric acid, a 
powerful odour is given off which is frequently 
sufficiently distinctive to show the nature of the 
mash from which the spirit was obtained. Bettelli 
(Ber. 1875, 8 , 72) adds to the alcohol 6-7 vol. 
of water, and agitates with sufficient chloroform 
to produce a small layer after standing. This 
layer is drawn off and evaporated, and the 
residue tested by digestion with potassium 
acetate and sulphuric acid. In the presence of 
fusel oil the characteristic pear-like odour of 
amyl acetate is observable. Another method 
of detection is to dilute 40 ml. of the spirit with 
sufficient water to raise the density to about 
0*980, The mixture is agitated w*ith 15 ml. of 
chloroform, which after settlement is drawn 
off, shaken with an equal volume of water and 
evaporated. The residue is treated with a little 
w'ater, a drop of sulphuric acid and sufficient of 
a strong solution of potassium permanganate to 
ensure that the liquid shall remain red after 
standing for 24 hours in a closed tube. The 
odour of valeric aldehyde is frequently noticeable 
shortly after the addition of the permanganate, 
but the characteristic smell of valeric acid, 
on which this very delicate test is based, is 
not appreciable until after standing. 

Estimation ,—The accurate estimation of fusel 
oil in spirit is extremely difficult. A very rapid 
and simple process introduced by Traube is 
said to give satisfactory results where great 
accuracy is not required. The specific gravity 
of the spirit having been determined, sufficient 
water is added to reduce the proportion of 
alcohol to 20%. The liquor is sucked up and 
allowed to fall a few times in a carefully dried, 
thin-sided capillary tube, 20 cm. long and about 
0*8 mm. in diameter, fastened to a graduated 
scale, this terminates at the zero in two points 
which are set to the surface of the liquid by the 
adjusting screws on the stand which holds the 
apparatus in the vessel into which the capillary 
tube dips. The height to which the liquid rises 
decreases with a rise in the proportion of fusel 
oil. From the observed height of the liquid in 
the capillary tube (temperature 21 °), the per¬ 
centage of fusel oil may be ascertained from the 
following table: 


Height in 
tube 
in mm. 

Percentage 
of fusel 
oil 

Height In 
tube 
in mm. 

Percentage 
of fusel 
oil. 

53*6 

0*0 

48*86 

0*6 

52*7 

0*1 

48*20 

0*7 

51*85 

0*2 

47*46 

0*8 

51*0 

0*3 

46*75 

0*9 

50*3 

0*4 

46*15 

1*0 

49*6 

0*6 




This process is said to be largely affected by 
accidental conditions, such as temperature or 
moisture in the tube and by the presence of 
nitrobenzene and various flavouring oils. 
Further information on this process is given 
by Traube (Bied. Zentr. 1900, 15, 669; Ber. 
1886» 19, 892; Ohem. Netrs, 1886, 58, 302; B«p. 


I Anal. Chom. 1886, 6, 669), Stutzer and Reit- 
mair {ibid. 1886, 6 , 606), and Girard and Cuniasse 
I (“ L’Analyse dos Alcools,” Masson Paris, 1899,). 
An improved apparatus, which he calls a 
“ stalagmometer ” was introduced by Traube 
(Ber. 1887, 20, 2644) for this estimation. The 
liquid, diluted as above to 20 %, is filled to a 
mark in a vessel and is allowed to fall drop 
by drop through a capillary tube at the base of 
the vessel, the number of drops being noted as 
compared with the number of drops of pure 
alcohol of the same strength falling from the 
same apparatus. A smaller proportion of fusel 
oil than 0*05% may thus be determined. The 
following table by Girard and Cuniasse {op. cit.) 
servos to indicate the percentage of fusel oil 
corresponding with the number of drops 
observed: 


Number of 
drops. 

Percentage 
of fusel 
oil. 

Number of 
drops. 

Percentage 
of fusel 
oil. 

100 

00 

108*5 

0*6 

101*8 

0*1 

109*9 

0*7 

103*6 . 

0*2 

111*5 

0-8 

105*0 

0-3 

113*1 

0*9 

106*3 

0*4 

114*7 

1*0 

107*5 

0*5 




If the temperature of the spirit is higher or 
lower than that for which the instrument has 
been calibrated, the number of drops observed 
is increased or diminished by 0*1 drop for every 
30 drops for each degree of difference. 

Another process depends upon the alteration 
produced by the presence of fusel oils in the 
volume of the chloroform extract of 100 ml. of 
alcohol and is officially recognised in Germany 
and Switzerland. A modification of the ap¬ 
paratus consists of a pear-shaped bulb holding 
about 200 ml., stoppered at the upper end, and 
having at the lower end a graduated stem of 
about 4 mm. internal diameter leading to 
another bulb of about 20 ml. capacity and ter¬ 
minating in a tube provided with a stop-cock. 
The narrow stem is graduated in 0*02 ml. from 
20*0 to 22*5 ml. Fusel-free alcohol is first 
prepared by fractional distillation over caustic 
alkali to resinify aldehydes, saponify esters, and 
saturate acids, and is diluted with water to a 
sp.gr. of 0*965 at 16*6°. A quantity of chloro¬ 
form is dehydrated and redistilled, and a solu¬ 
tion of sulphuric acid of sp.gr. 1*2857 at 15*6° is 
prepared. Of the sample under examination 
200 ml. is taken, made alkaline, and about 176 
ml. distilled over. Twenty-five ml. of water is 
added to the distilling flask and the distillation 
continued to 200 ml. The distillate is diluted 
with water to a sp.gr. of 0*966 at 16*6°, and this 
with the Rose apparatus and the flasks contain¬ 
ing the reagents (fusel-free alcohol, chloroform 
and sulphuric acid) are placed in a water bath 
kept exactly at 16° until all have acquired a 
uniform temperature. The apparatus is then 
filled by suction through the lower tube to the 
20 ml. mark with chloroform and 100 ml. of 
fusel-free alcohol and 1 ml. of sulphuric acid 
added through a pipette. The apparatus is in¬ 
verted and shaken i^orously for 2 or 3 minutes, 
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the stop-cock being momentarily opened once or 
twice to equalise pressure. The apparatus is 
then allowed to stand for 10 or 16 minutes in the 
water bath at 15°, with occasional turning to 
hasten the separation of the reagents, and the 
volume of the chloroform is noted. The ap¬ 
paratus is then thoroughly cleaned and dried 
and the operation repeated, using the distillate 
from the sample instead of the fusel-free alcohol. 
An increase in the volume of the chloroform is 
observed due to the fusel oil present, and this 
difference, multiplied by the factor 0-663, gives 
the volume of fusel oil in 100 ml., or the percent¬ 
age of fusel oil by volume in the 30% distillate. 
This is then calculated to the percentage of fusel 
oil by volume in the original sample according to 
the alcoholic strength of the latter. Kilp and 
Lampe (Z. angew. Chem. 1928, 41, 1163) using 
the Rose “ shaking burette ” applied the 
formula Z 0-5428V/a=-g. fusel oil in 100 c.c. 
original liquid in which Z~ volume increase of 
chloroform, V—total volume of solution, and 
a=aliquot part of original solution. The value 
0-5428 represents the grams of amyl alcohol 
corresponding to the increase of 1 ml. in volume 
of the chloroform. A. Frey (Z. Spiritusind. 
1934, 67, 190) states that accurate results can 
be obtained b}’’ this method only if the chloro¬ 
form used is of the highest purity, any im¬ 
purities present tending to give a low result. 

In France the official method is that of Savalle 
as modified by Girard and Cuniasse {op, cit.) 
and is based upon the depth of colour obtained 
by the action of strong sulphuric acid upon the 
higher alcohols. The method gives only com¬ 
parative results and requires the observance of 
conditions so strict as to be almost unattainable 
in normal practice. Another method, devised 
by Beckmann (Z. Nahr.-Genussm. 1901, 4, 
1059) depends upon the separation of the 
higher alcohols from the spirit by means of 
calcium chloride and carbon tetrachloride, the 
conversion of the higher alcohols into their 
nitrites by the action of sodium nitrite and 
sodium bisulphate, removing the excess of 
nitrous acid with sodium bicarbonate, decom¬ 
posing the nitrites with sulphuric acid and final 
titration of the nitrous acid, thus obtained, wdth 
permanganate. Schidrowitz (Analyst, 1905 and 
1906) considers this method unreliable, however, 
owing chiefly to the extraction of ethyl alcohol 
by the carbon tetrachloride. 

Budagjan and Ivanova (Z. Unters. Lebensm. 
1932, 63, 200) have suggested a modification of 
Komarowski’s method, in which the distillate 
adjusted to 50^, by volume of ethyl alcohol is 
treated with dilute sulphuric acid, potash, and 
silver nitrate and redistilled, the acetaldehyde 
content being determined by Mohler’s method. 
Another portion of the second distillate is 
treated with salicylaldehyde and dilute sul¬ 
phuric acid, the colour being matched against 
standards containing amyl alcohol and the 
MeCHO found. 

Possibly the best method hitherto suggested 
is that of Marquardt (Ber. 1882, 16, 1661) as 
modified first by Allen (Analyst ,1891, 16, 102) 
and later by Schidrowitz (J.S.C.1.1902, 21, 814). 
It is based upon the oxidation of the higher 
alcohols into the corresponding acids, and the 


estimation of the latter by titration or by con¬ 
verting them into and weighing their barium 
salts. The extraction is carried out as in the 
Beckmann process. To the washed carbon tetra¬ 
chloride solution 6 g. of pure powdered potassium 
dichromate, 2 ml. of concentrated sulphuric acid 
and 10 ml. of water are added. The mixture is 
shaken and gently boiled for 8 hours under a 
reflux condenser. It is cooled, a little pumice 
and 50 ml. of recently boiled distilled water 
added, and it is then distilled to near diy ness. 
The residue is cooled, 50 ml. of water added and 
again distilled. The distillates arc mixed and 
titrated with A^/10 baryta solution, first with 
Methyl Orange as indicator, and then with 
phenolphthalein. The acid indicated by the 
Methyl Orange is regarded as “ mineral acid ” 
and the difference as organic acid, which is cal¬ 
culated into amyl alcohol by multiplying the 
number of ml. of baryta solution by 0-0088 
and the figure indicating the dilution of the 
alcohol. To obtain the combining weight, the 
solution containing the barium salt of the acid 
is separated from the carbon tetrachloride, 
evaporated, filtered and finally dried in a 
platinum capsule and weighed. The weighed 
residue is then treated with a slight excess of 
sulphuric acid, again evaporat^, and the 
barium sulphate ignited and weighed. From 
the w^eights found the combining weight of the 
acid is calculated. By this method also some 
ethyl alcohol is extracted by the carbon tetra¬ 
chloride, but it is suggested that this does not 
appear as acetic acid after oxidation. Accord- 
j ing to Schidrowitz the effect attributed to 
“ mineral acid ” (of the presence of which there 
is no proof) may be due to some action between 
the Methyl Orange and certain aliphatic acids 
present. Penniman and others (Ind. Eng. 
Chem.[Anal.], 1937,9, 91) have advanced various 
criticisms of this method and certain modifi¬ 
cations which they claim afford a very speedy 
and accurate determination. 

Composition .—Whilst the proportion of fusel 
oil produced depends upon the source of produc¬ 
tion, the nature of the ferments and the method 
of distillation, the composition of the oil is 
also affected by these conditions. As a generali¬ 
sation it may be stated that fusel oil consists 
mainly of two alcohols one of which, tsobutyl 
carbinol or woamyl alcohol or inactive amyl 
alcohol, is optically inactive whilst the other, 
5ec-butyl carbinol or active amyl alcohol, rotates 
the plane of polarised light to the left sufficiently 
to render the product strongly laevorotatory. 
The following alcohols are said to have been 
separated from fusel oil: 


Ethyl, CHj-CHj-OH. 
n-Propyl, CoHg-CHa-OH. 
woPropyl, (CHglg-CH OH. 
n-Butyl, C.H^-CHa-OH. 

»>oButyl, (CH 3 )jjCH-CH 2 'OH. 
feri-Butyl, (CHgloC-OH. 

Active amyl, C 2 H 5 (CH 3 )CH-CH 2 -OH. 
Inactive amyl, (CH 8 ) 2 C,H'CH 2 CH 2 -OH. 
Methyl n-propyl carbinol, CH3(C3H7)C H -O H. 
Normal primary amyl alcohol, C^Hn-OH. 

A primary hexyl alcohol, C 3 H ,3 0H. 

A primary heptyl alcohol, C^Hij-OH. 
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Of the acids present: formic, acetic, pro¬ 
pionic, but^c, valeric, caproic, ocnanthic, 
caprylic, pdargonic and capric have been 
identified whilst the presence of ethyl acetate 
and other esters and various aldehydes has 
also bt^en established. 

The fusel oil from grain or potatoes consists 
largely of amyl alcohols with ethyl alcohol the 
inactive amyl alcohol being the principal con¬ 
stituent. According to Rabuteau (Compt. 
rend. 1879, 87, 6 (X)) the following represents the 
approximate percentage volume composition of 
potato oil: 


i^oPropyl alcohol . 

. . . 16*0 

w-Propyl alcohol . 

... 3*0 

w-Butyl alcohol 

... 6*5 

t^oButyl alcohol 

... 5-0 

Inactive amyl alcohol . 

. . . 27*5 

Active amyl alcohol . 

. . . 60 

Products boiling above 

132‘^ and 


retaining amyl alcohol . . .17*0 

Ethyl alcohol, ethyl acetate and 

aldehyde.7*5 

Water.12*5 

Later observations, however, do not confirm 
Rabuteau’s statement as to the presence of iso¬ 
propyl alcohol. Ordonneau (Compt. rend. 
1886, 102, 217) found in commercial alcohols 
from maize, beet and potatoes, in addition to 
other substances, propyl alcohol, active and 
inactive amyl alcohol, pyridine, a base which 
he considered to be collidine, and isobutyl 
alcohol. He did not find a trace of ?t-butyl 
alcohol. Karl Windisch (“ Arbeiten aus dem 
kaiserlichen Gesundheitsamt,” 1892, Bd. 8 ) 
gives the following respective compositions of 
potato and corn fusel oil, expressed in grams per 
kilogram and excluding ethyl alcohol and water: 



Potato. 

Corn. 

w-Propyl alcohol 

68*54 

36*90 

t^oButyl alcohol 

243*50 

157*60 

Amyl alcohol .... 

687-60 

758*50 

Hexyl alcohol .... 

— 

1*33 

Heptyl alcohol .... 

— 

trace 

Free fatty acids 

0-11 

1*60 

Fatty acid esters 

0-20 

3*05 

Furfurol and bases . 

0*05 

0*21 

Terpenes. 

— 

0*33 

Terpene hydrate 

— 

0-48 


He also analysed the free fatty acids and acid 
esters with the results given in the table at the 
top of the next column expressed in percentages, 
the acids and esters being taken together in the 
^tato fusel oil and separately in the fusel oil 
from corn. 

Yoshitomi et ah (J. Pharm. Soc. Japan, 
1922, 486, 661) found that the fusel oil obtained 
from Japanese sweet-potato brandy had 
0-8382, acid number 2*828, saponification 
number 36*7 and an ester value of 33*8. They | 
found that 1 lb. of fusel oil contained 31*8 g. of 
fatty acids (of which nearly 25 g. was palmitic) 
which, when crystallised from alcohol, were free 
from the chajmcteristio fusel-oil odour and | 
could be used in the manufacture of soap. I 



Potato. 

Corn. 

Free fatty 
acids and 
esters. 

Free fatty 
acids. 

Esters. 

Capric 

36 

44-1 

40*7 

Pelargonic 

12 

129 

14 2 

Caprylic . 

32 

26*7 

34*8 

Caproic 

14 

13-2 

9-6 

Butyric 

0*5 

0-4 

0-4 

Acetic .... 

3-5 

2-7 

0*3 


According to Stevenson (Texas State J. Med. 
1926, 20, 562) the fusel oil from com whiskey 
contained, per 1,000 parts, 750 parts of iso¬ 
propyl alcohol, 180 »-propyl alcohol, 40 iso- 
butyl alcohol and 20 amyl alcohol. Schorigin 
and co-workers (Ber. 1933, 66 fB], 1087) have 
examined the high boiling fractious of fusel oil 
obtained chiefly from potato spirit. They 
found 36% of alcohols, 13% saturated aliphatic 
acids, and 4-5% organic bases. They isolated 
in pure form the ethyl esters of caproic, caprylic, 
capric, lauric, myristic and palmitic acids; 
hex 3 d, heptyl, octyl and non^d alcohols; and 
trimethyl-, tetramethyl-, diethyl- and triethyl- 
met hylpyrazine. 

The fusel oil prepared in the South of France 
from the marc of brandy contains w-propyl 
alcohol in considerable quantities. Ordonneau 
(he.) recommends that the fermentation of a 
mash should be performed with the elliptic 
wiine yeast instead of the globular Imr yeast, as 
he finds by experiment that the former produces 
the w-butyl alcohol, while the latter tends to 
form the -variety. He attribut/cs the dis¬ 
agreeable smell of the oil from the ordinary 
mash to the i^obutyl alcohol present, the more 
agreeably smelling wine brandy containing 
n-butyl and no wobutyl alcohol. Other workers 
also suggest that the ferment in brewer’s yeast 
(Saccharomyces cerevisice) appears to favour the 
production of wobutyl alcohol whilst Sac¬ 
charomyces ellipsoidens from the grape tends to 
produce «-butyl alcohol. By fractionation of 
wine brandy 26 years old Ordonneau (hr.) 
obtained the following: 


Aldehyde . . . . , 

Per cent, 
by volume. 

. 0*003 

Ethyl acetate . . . . 

. 0*036 

Acetal. 

. traces 

GSnanthylic ester 

. 0-004 

Propionic, butyric and caproic 

esters . 

. 0-003 

?i-Propyl alcohol. 

. 0*040 

«-Butyl alcohol . 

. 0*218 

“ Amyl alcohol ” 

. 0*0838 

Hexyl alcohol 

. 0*0006 

Heptyl alcohol . 

. 0 0015 

Amine bases (probably of 

the 

pyridine series) 

. traces 


According to Le Bel (Compt. rend. 1883, 96, 
1368) natural white wine contains 0*2% of amyl 
alcohol. Swenarton (Science, 1929, 70, 654) 
found that crude fusel oil from molasses-fhrmen- 
tation contains, in addition to n-propyl and iso- 
butyl alcohol, «ccbutyl carbinol, and iwbutyl 
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oarbinol, alcohols of the hexyl, heptyl, octyl, 
nonyl and decyl series and other bodies. 

Bemoval of Fusel Oil from Spirits .—Apart 
from the desira^bility of removing the fusel oil 
from spirits intended for human consumption, 
the oil recovered as a by-product is valuable for 
certain commercial purposes. As already stated, 
the fusel oil can be rapidly and almost com¬ 
pletely removed during the process of rectifi¬ 
cation of the alcohol in the modem patent still. 
When, however, the alcohol as commercially 
produced, e.g. pot-still spirit, contains an; 
appreciable proportion of fusel oil other methods I 
must be adopted for its removal. These usually 
involve the addition to the alcohol of some sub¬ 
stance which will absorb the fusel oil and can 
then be separated from the defuselised alcohol. 
In some cases the fusel oil is lost whilst in others 
it can be recovered and is available for com¬ 
mercial use. Among the various substances 
proposed are charcoal, soap, oil, potash, pearl 
ash, lime, sulphuric, nitric and hydrochloric 
acids, bleaching powder and potassium per¬ 
manganate. Charcoal, soap and oil are sup¬ 
posed to separate the fusel oil unchanged. When 
rectified over potassium permanganate or 
bleaching powder the amyl alcohols are con¬ 
verted into valerates, but a portion of the ethyl 
alcohol is also decomposed. When bleaching 
powder is used the mass is allowed to digest for 
some time, after which the spirit is drawn off 
and rectified. It has been suggested that, if the 
spirit be distilled from hard soda soap, the fusel 
oil remains with the soap from which it may be 
separated by subsequent distillation at a higher 
temperature. 

The most approved method of separation is 
by well-burnt granulated vegetable charcoal or 
bone-black. The charcoal is placed upon per¬ 
forated trays in a vessel surrounded by a cooling 
jacket and the spirit, suitably diluted, is caused 
to pass through several such trays. The opera¬ 
tion should not be performed above the ordmaiy 
temperature, as the fusel oil is again dissolved 
from the charcoal near the boiling tempera¬ 
ture. From 3 to 5 vol. of charcoal are required 
for the successful treatment of 100 vol. of 
brandy. The fusel oil is evolved from the 
charcoal on treatment with superheated steam 
and the charcoal may be repeatedly used 
after heating to redness to drive off any oc¬ 
cluded substances. 

In the preparation of alcohol as motor fuel 
the elimination of fusel oil is desirable, and this 
is usually accomplished by treatment with active 
carbon as above. A. E. Williams (Chem. Trade 
J. 1934, 95, 111) points out that oxidation due 
to the air contained in the interstices of the 
carbon may be avoided by agitating the carbon 
under vacuum at a temperature of 30° or less 
and the ethyl alcohol is removed by passing an 
inert gas tmrough the carbon. Williams states 
t^t a good vegetable carbon will adsorb eight 
times ito weight of fusel oil. 

Synthetic Fusel Oil .—^Various methods have 
been advanced for the commercial preparation 
of substitutes for fusel oil. In that described 
by Essex, Hibbert and Brooks (J. Amer. Chem. 
Soc. 1916, 88, 1366) a gasoline boiling at 26-46° 
and consisting chiefly of satnrsted hydrocarbons 


is chlorinated by introducing chlorine at one 
end of a mass of the hydrocarbon whilst illumi¬ 
nating the other end with a source of actinic 
light and causing the gas to approach the light. 
By this means monochloro-derivatives are 
obtained and, as soon as these have accumulated 
to the extent of 20%, the mixture is fractionated 
and the unchanged hydrocarbons are recovered 
for retreatment. The fraction, b.p. 96-140°, 
consisting mainly of pentyl and hexyl chlorides, 
is heated with an equal weight of anhydrous 
sodium acetate (with or without acetic and 
amyl acetate) for 6 hours at 200° under 
pressure in an autoclave rotated 30 times per 
minute. In this way 580 lb. of the crude 
chlorides gave 384 lb. of crude amyl acetate 
from which fusel oil may be obtained by 
hydrolysis. In another method suggested by 
two of these investigators—Brooks and Essex 
(U.S.P. 1221667,1917)^the chlorides are heated 
with methyl alcohol and a formate under pres¬ 
sure at 140-190°. 

Commercial Uses .—Fusel oil is largely used 
for the manufacture of amyl acetate which has 
numerous applications in the arts and manu¬ 
factures, in flavouring essences (pear oil, etc.) 
for confectionery, as a solvent for celluloid and 
in making lacc|uer8, varnishes, artificial leather, 
waterproofing and sanitary sheeting for hospitals. 
It is also used in toxicology as a solvent for 
alkaloids, for which purpose it should be care¬ 
fully purified by agitation with diluto acid to 
remove an alkaloidal body which it is liable to 
contain. On account of its strong affinity for 
chlorine, fusel oil has been employed in chlorine 
generators for laboratory purposes as an absor¬ 
bent for that gas, to prevent its escape into the 
atmosphere when the supply is no longer 
required, whilst its principal constituent (amyl 
alcohol) is employed in the estimation of fat in 
milk by the centrifugal method (B.S. No. 696, 
Pt. 2, 1936). The woamyl alcohol (inactive 
amyl alcohol) may be separated from fusel oil 
by agitation with a saturated solution of 
common salt. The amyl, butyl and propyl 
alcohols, which are less soluble in that medium 
than in water, separate as an oily layer, while 
the ethyl alcohol remains in the brine. The 
separate oil is distilled, the portion coming 
off between 105° and 120° consisting principally 
of wobutyl alcohol, while that distilling between 
126° and 140° contains the amyl alcohols. This 
is collected separately, agitated with hot milk 
of lime, dried over calcium chloride and re¬ 
distilled, the portion coming off between 128° 
and 132° being collected separately. In this 
way the i^oamyl alcohol is obtained almost 
free from butyl alcohol and from valeric alde¬ 
hyde. The iWium amyl sulphate produced 
from active amyl alcohol is 2^ times as soluble 
in water as that from the inactive variety, so 
that these salts may be separated by fractional 
crystallisation and afterwards treated for re¬ 
generation of the alcohols. 

The amyl alcohols of fusel oil dissolve in 
about 40 parts- of cold water. According to 
Balbiano (Ber. 1876, 9, 1437) the inactive 
variety is soluble in about 60 parts of water at 
14° and is less soluble at 50°. isoButyl alcohol 
dissolves in 10 parts of water at 16°. One part 
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of inactive amyl alcohol takes up about 0*08 
parts of water, while wobutyl alcohol dissolves 
nearly twice that amount. By a contact 
dehydration process Konek (Matematik Fer- 
m^szettudomanyi Ertisito, 1925, 41, 9) has 
produced a mixture of isomeric amylenes from 
fusel oil. A mixture of these hydrocarbons with 
double the volume of benzene and of ethyl 
alcohol gave a satisfactory motor fuel. Kino 
(J. Soc. Chem. Ind. Japan, 1928, 81, 749) 
found that when the fusel oil obtained from 
kaoliang was treated with KOH, potassium 
palmitate crystallised out in a nearly pure 
state. In order to obtain suitable solvents for 
the preparation of lacquers Hsien Wu Ting 
(Chiao Tung Univ, Research Inst. Ann Rpt. 
Bur. Chem. 1936, 3, 76) esterifies the fusel oil 
and fractionates the esters, the various fractions 
being evaluated according to their solvent power 
on nitrocellulose. 

Estimation of Ethyl Alcohol in Fusel Oil. — j 
Fusel oil containing not more than 16% of 
proof spirit is allowed to be delivered from 
distilleries in the United Kingdom and also 
to be admitted duty free on importation from 
abroad. The determination of the ethyl alcohol 
is therefore of considerable importance, but 
although various methods have been suggested 
none can be accepted as free from objection. 
The method commonly adopted in this country 
as sufficiently accurate for aU practical pur¬ 
poses is as follows: 75 ml. of the sample 

is shaken vigorously for 4 or 6 minutes in a 
separator (A) with 160 ml, of water and allowed 
to stand. If an emulsion forms a few grains 
of salt are added. The aqueous layer is drawn 
off into a second separator (B), saturated with 
salt, and extracted with 150 ml. of petroleum 
ether. The brine layer is then drawn off into 
a third separator (C) and extracted with a 
further 150 ml. of petroleum ether and the 
brine run off into a distilling flask. The oil 
remaining in (A) is treated a second time with 
150 ml. of water, the aqueous layer drawn off 
into the petroleum ether in (B), saturated with 
salt and extracted. The brine layer is drawn 
off into (C) and there extracted with the 
petroleum ether, from which, after separation, 
it is run into the distilling flask. The treatment 
of the oil remaining in (A) is repeated through¬ 


out. The 460 ml. of brine is distilled and the 
first 75 ml. of the distillate coUected. This 
portion is saturated with salt and extracted 
with 160 ml. of petroleum ether. The brine 
is run off, distilled, 75 ml. collected and the 
specific gravity and Zeiss immersion-refrac- 
tometer reading of this fraction determined. 
The refractometer reading will be somewhat 
higher than that of ethyl alcohol of the same 
density. The difference is multiplied by the 
appropriate factor (M is taken in ordinary 
cases) and the product is deducted from the 
percentage of proof spirit as deduced from the 
specific gravity of the distillate. Macoun 
(Analyst, 1933, 58 , 664) prefers a method in 
which to 20 ml. of the oil in a 50 ml. Eggertz 
tube (graduated to 01 ml.) 5 g. of K 2 CO 3 
is added. This is well mixed. More car¬ 
bonate is added if the original all dissolves or 
water is added if there is no line of demar¬ 
cation between the two liquid phases. The 
volume of the upper layer is noted. Another 
20 ml. of the sample is placed in a “ tar acid 
flask ” of 226 ml. capacity which is graduated 
from 0 to 25 ml. in not more than 0*2 ml. 
intervals. A saturated solution of fusel oil in 
saturated NaCI solution is added until the 
flask is about } full. From 4 to 6 ml. of con¬ 
centrated hydrochloric acid and exactly 6 ml. 
of petroleum ether are added. The whole is 
well shaken and sufficient salt solution added to 
make the total volume 225 ml. After further 
shaking and standing until the layers have 
separated out, the volume of the upper layer is 
noted. Let A represent the contraction from 
20 ml. observed in the Eggertz tube and B 
the contraction from 26 ml. observed in 
the flask. The percentage of ethyl alcohol is 
(B-A) X 0-93 X 5. 

Water Content of Fusel Oil .—Bakowski and 
Treszczanowicz (Ih-zemysl Chem. 1937, 21, 
204) suggested an azeotropic method for the 
determination of water in fusel oil. In a special 
apparatus designed to give an easy and accurate 
reading of the volume of water coUected they 
use methylene chloride which forms with water 
an azeotropic mixture boiling at 38*45°. 

F. G. H. T. 

FUSIBLE METALS (r. Vol. I, 6986). 

FUZE POWDER (v. Vol. IV, 4596). 


GABBRO. A holociystalUne igneous rock 
composed essentiaUy of basic plagioclase-felspar 
and augite, and containing less than about 
50% of silica. It is the plutonic equivalent 
of the finer-grained dolerite and baaalt, having 
crystallised slowly under considerable pressure 
from large bodies of molten material within the 
earth’s crust. The felspar is the soda-lime 
labradorite or the lime-felspar anorthite; the 
augite is usually the lamina^ diallage variety; 
apatite, iron-ores (magnetite and ilmenite) are 
usuaUy present in small amoimt. When the 
orthorhombic pyroxene hypersthene is present in 
addition to pla^oclase and augite the rock is 
caUed a norite. The more acid quartz-gabbro 
forms a passage to diorite, whilst the more 


G 

basic olivine-gabbro grades into the peridotites 
The rock is dark grey, black, or greenish-black 
in colour, medium to coarse grained in texture, 
and very hard. Sp.gr. 2-7-3-0 (weight per 
cu. ft. 170-190 lb.); crushing strength 640- 
2,200, average 1,830, tons per sq. ft. 

Analysis I of olivine-gabbro from Skye; 
also CrjOj trace (W. Pollard, 1900). II, 
olivine-gabbro from Lizard, ComwaU; also 
Cr,03 0*08, VjOg 0 02, LIjO trace, FeS, 0*11 
(E. G. Radley, 1912). Ill, Quartz-gabbro from 
Carrock FeU, Cumberland (G. Barrow, 1894). 
IV, Kentallenite from KentaUen, Argyllshire; 
also CrgO, 0 * 10 , (Co,NI )0 0*07, COj 0 16, 
Cl trace (W. Pollard, 1900). 

Gabbro forms large masses and is of wide 
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I. 

II. 

HI. 

IV. 

SiO. 

. 46*39 

50*69 

63*50 

62*09 

TiO, . 

. 0*26 

0*42 

0*45 

0*73 

AljOg . 

. 26*34 

20*56 

22*20 

11*93 

Fe.Og . 

. 2*02 

1*66 

3*60 

1*84 

Feb . 

3*15 

3*10 

2*64 

7*11 

MnO . 

. 0*14 

0*16 

0*36 

0*16 

MgO . 

. 4*82 

6*84 

2*00 

12*48 

CaO 

. 16*29 

11*99 

9*45 

7*84 

Na-O . 

1*63 

3*36 

4*26 

0*24 

K 2 O. . 

. 0*20 

nil 

0*61 

3*01 

P 2 O 5 

. 0*68 

0*05 

— 

0*34 

HaO 

trace 

1*12 

1*60 

0*35 


100*82 

100*84 

100*56 

98*11 

Sp.gr. . 

. 2*85 

— 

2*80 

2*94 


distribution, occurring, for example, in the 
Highlands of Scotland, Lendalfoot in Ayrshire, 
Carrock Fell in Cumberland, North and South 
Wales, the Lizard district in Cornwall, and in 
Guernsey. Owing to its dull colour and diffi¬ 
culty of working, it is not very extensively 
employed as a building stone; and it is reputed 
not to weather well, especially those varieties 
containing more felspar. In the trade it often 
passes under the name of “ black granite ” 
{on the other hand, the trade name “ Norwegian 
gabbro ” is sometimes applied to the augite- 
syenite— laurvikite —from the south of Norw’ay). 
Medium-grained varieties are used for road 
metal and paving-sets. Olivine-gabbro is ex¬ 
tensively quarried for export at Herrestad near 
Kftrda in province Jonkoping, Sweden, and on 
the Pleasant river near Addison in Maine, U.S.A. 
The “ black granite ” of the Kentallen quarries 
in Argyllshire is a dark bluish-grey, medium- 
grained alkali-gabbro containing orthoclase, 
olivine and biotite in addition to the usual 
constituents, and has been named kentallenite. 
It is used principally for paving-sets, and on a 
polished surface it displays bright plates of mica. 

Gabbro takes a good polish and is sometimes 
used for ornamental purposes. The diaUage 
often displays a metallic sheen, and in the 
gabbro of Volhynia and near Kiev in Russia 
the labradorite sometimes shows blue reflections. 
Coarse-grained gabbros when partly altered 
show the light- and dark-coloured minerals in j 
marked contrast, and have been used as far | 
back as Roman times as ornamental stones. I 
In some cases the felspar is altered to saussurite j 
and the diallage to emerald-green smaragdite, 
the rock being then known as euphotide; this! 
beautiful ornamental stone occurs in the Alps, 
Corsica (“ Verde di Corsica ”), and Elba. A 
dark-coloured orbicular gabbro from Dehesa, 
San Diego Co.* California, has also been used as 
an ornamental stone. 

Magmatic segregations of iron-ores, metallic 
sulphides (nickeliferous pyrrhotine and chalco- 
pyrite) and apatite sometimes occur in con¬ 
nection with gabbro masses. 

L. J. S. 

QADOLINITE. A rare mineral consisting 
of silicate of yttrium earths, beryllia and ferrous 
oxide, Be^FeY^SIjOjo. Analyses show about 
40-45% of vttrium earths of molecular weight 
260-290; tne amount of erbia has been sepa¬ 
rately determined as 10-16%. It occurs in 
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much larger masses than the other rare-earth 
minerals, forming rough, black and opaque 
crystals up to 600 kilos, in weight. The crystals 
are monoclinic with an orthorhombic aspect; but 
in thin sections the material is optically isotropic. 
When heated, the mineral suddenly glows 
brightly, a molecular transformation taking 
place; the material then becomes optically bire- 
fringent, increases in sp.gr. (from 4-1-44 to 
4*4-^-7), and changes in colour (as seen in 
sections) from greenish to reddish. Gadolinite 
occurs in some abundance as masses of con¬ 
siderable size in pegmatite veins at a few locali¬ 
ties; notably, at Ytterby and near Fahlun in 
Sweden; in the felspar quarries of Setersdal and 
Hittero, and elsewhere in the south-east of 
Norway; Llano Co. in Texas, Mohave Co. in 
Arizona, Western Australia and Japan. The 
locality (Barringer HiU, 6 miles south of BluflT- 
ton) in Llano Co. has yielded masses of gadolinite 
weighing 200 lb., in association with several 
other rare-earth minerals. These have been 
worked for the supply of yttrium and erbium 
earths used in the “ glower ” of the Nemst lamp 
(W. E. Hidden, Amer. J. Sci. 1889, 38, 474; 
1905,19, 425). 

L. J. S. 

GADOLEIC ACID (v. Vol. Ill, 2476). 

woGADOLEIC ACID (v. Vol. II, 522d}. 

GADOLINITE (v. Vol. II, 6126; IV, 245c, 
321c). 

GADOLIN lUM* Gd. Atomic number 64; 
atomic weight 156-85±0*001 (Naeser and 
Hopkins, J. Amer. Chem. Soc. 1935, 67, 2183); 
15()*9±0*2 (Aston, Proc. Roy. Soc. 1934, A, 146, 
54); isotopes 155, 156, 157,158, 160 (Aston, Lc.). 

This element w^as first identified by Marignac 
in 1880, who separated its salts from those of 
other rare-earth metals present in samarakite by 
fractional precipitation with potassium sul¬ 
phate (Arch, de Gen 6 ve, 1880, [iii], 3, 413; 
Compt. rend. 1880, 90, 899). Whth europium 
and terbium, gadolinium forms the small group 
of terbium metals, and as the solubilities of its 
salts are intermediate between those of the 
other two members of the family, the final 
separation of gadolinium from these elements is 
a matter of considerable difficulty. The older 
methods of separation, precipitation by am¬ 
monia, crystallisation of the oxalates, formates 
and double sulphates, or combinations of these 
processes, did not, in all probability, lead to the 
complete purification of the element (Meyer and 
Miiller, Z. anorg. Chem. 1919, 109, 1). The 
presence of small quantities of terbium is indi¬ 
cated by a faint yellow discoloration of the 
colourless gadolinia. Europium is detected 
spectroscopically in the arc spectrum. 

SouBCES AND ExTBACTiON. — Samarskite, 
gadolinite, ytterbite, xenotime, fergusonite, the 
crude yttrium earths from monazite, etc. 

Some of these may be decomposed by HCI 
or H 2 SO 4 while others must be fused with 
sodium pyrosulphate. Hydrofluoric acid is 
often a useful reagent for attacking some of the 
minerals as the “insoluble rare-earth fluorides 
may then be easily separated from fluorides of 
such metals as niobium, tantalum, tungsten and 
zirconium which are soluble in the diluted acid. 
These and other metals, the chlorides of which 
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are readily volatile, may also l)e removed by 
heating the mineral in a stream of sulphur 
chloride or phosgene. 

After separating the heavy metals, thorium 
and cerium (if present in appreciable amount), 
the rare-earth metals are usually precipitated 
as the oxalates, ignited to the oxides and these 
converted into suitable salts which are frac¬ 
tionated so as to divide the rare earths into 
groups. The precise methods to be adopted in 
any particular case will depend largely upon the 
composition of the mixed earths, but the follow¬ 
ing are typical of those commonly employed. 

(1) Fractional Precipitation of the Sodium or 
Potassium Sulphates. —If an aqueous solution of I 
a mixture of rare-earth chlorides or nitrates is 
treated vdth a saturated solution of the alkali 
sulphate the double sulphates are precipitated. 
When this process is carried out fractionally the 
cerium group separates first while the yttrium 
earths coUect in the mother liquor. The salts 
of the terbium fraction are intermediate in solu¬ 
bility and divide themselves between these 
groups, it being usually arranged that gadolinium 
shall be precipitated with the cerium earths 
particularly when the amount of the latter is 
small. Further separation is then effected by 
fractionation of the bromates or the rare-earth 
magnesium nitrates. When the concentration 
of the cerium group is considerable it is better 
to commence with the double magnesium nitrate 
separation (Marignac, l.c. ; Delafontaine, Ann. 
Chira. Phys. 1878, [v], 14, 238 ; James, J. Amer. 
Chem. Soc. 1908, 30, 182; 1911, 33, 1326; 
1912, 84, 767; Meyer and Muller, l.c .; cf. also 
de Boisbaudran, Compt. rend. 1883, 07, 1463). 

(2) Fractional Crystallisation of the Nitrates .— 
Although gadolinium nitrate is the least soluble 
of the rare-earth nitrates in nitric acid, the 
differences in solubility are comparatively small 
so that quicker separation is achieved by em¬ 
ploying certain double nitrates. Of these the 
rare-earth magnesium nitrates are the most 
commonly used in the preliminary separations, 
and fractionation of their aqueous solutions 
causes lanthanum, praseodymium and neody¬ 
mium quickly to coUect in the head fractions 
and to be separated from samarium, europium, 
gadolinium, terbium and the yttrium metals. 
After their removal crystallisation is continued 
from nitric acid (30%) instead of water and 
samarium is now separated from the least soluble 
fractions. Bismuth magnesium nitrate is then 
added and fractionation continued imtil inter¬ 
mediate fractions of pure bismuth double salt 
are obtained. As the solubility of this salt lies 
between those of europium and gadolinium 
magnesium nitrates it follows that the head 
fractions will contain the less soluble europium 
free from gadolinium while the tail fractions 
will consist of gadolinium, terbium, etc., to¬ 
gether with excess of the bismuth double 
nitrate. Bismuth is now removed from these 
fractions and the rare earths are converted, 
through the oxalates and oxides, into the simple 
nitrates which are crystallised so as to collect 
gadolinium and terbium in the least soluble 
fractions. These are then separated from each 
other by continuing the fractionation in the 
presence of bismuth nitrate which has a solu¬ 


bility intermediate between that of gadolinium 
and terbium nitrate. Separation of these two 
may also be achieved through the double nickel 
nitrates or dimethyl phosphates or by fractional 
precipitation with ammonia (Demar 9 ay, Compt. 
rend. 1900, 130, 1469; 131, 343; 1901, 182, 
1484; Muthmann and Weiss, Annalen, 1904, 
331, 3 ; Fcit, Z. anorg. Chem. 1906, 43, 202, 267; 
Urbain, J. Chim. phys. 1906, 4, 40, 106; James 
and Robinson, J. Amer. Chem. Soc. 1911, 38, 
1363; 1913, 35, 754; Hughes and Hopkins, 
ibid. 1933, 55, 3236). 

(3) Fractional Crystallisation of the Dimethyl 
Phosphates. —Whereas the solubilities of the rare- 
earth salts usually increase from cerium to 
ytterbium the reverse is the case with the 
dimethyl phosphates. Moreover, the solubility 
differences are greater than are ordinarily met 
with so that they serve well for the separation of 
the terbium group (Morgan and James, ibid. 
1914, 86, 10; Jordan and Hopkins, ibid. 1917, 
39, 2614; Marsh, J.C.S. 1934, 1972 ; 1939, 664). 

Numerous other salts have been recommended 
for separating the rare earths into the three 
main groups and mention may be made of the 
bromates (Jordan and Hopkins, l.c.), formates 
(Delafontaine, l.c. ; Feit, l.c.) and ethyl sulphates 
(Urbain, Ann. Chim. Phys. 1900, [vii], 19, 184). 

Separation of the rare earths has been facili¬ 
tated to some extent by the discovery that some 
of them can be reduced to the bivalent condition 
and that in this state the sulphates resemble 
those of the alkaline earths in being sparingly 
soluble in water. This is particularly useful in 
removing europium from samarium, gadolinium 
and terbium since electrolytic reduction of a 
solution of the chlorides in sulphuric acid leads 
to the precipitation of europous sulphate (Marsh, 
l.c. ; Yntema, J. Amer. Chem. Soc. 1930,52,2782). 

Preparation of the Metal. —The first attempt 
to obtain gadolinium metal was made by 
Schumacher and Harris {ibid. 1926, 48, 3108), 
who reduced the oxide with aluminium powder 
but found it impossible to remove the aluminium 
from the resulting alloy either by distillation or 
by treatment with potash. Fairly pure gadoli¬ 
nium has been obtained by electrolysis of a 
fused mixture of gadolinium, potassium and 
lithium chlorides in a graphite crucible which 
formed the anode, the cathode being a button of 
molten cadmium in a fiuorite cup; the elec¬ 
trolyte was kept at a temperature of 626- 
676°C. A fusible alloy was produced with the 
cadmium from which the latter was removed by 
fractional distillation in a high vacuum (Trombe 
Compt. rend. 1935, 200, 459; Bull. Soc. chim. 

1936, [v], 2, 660). Gadolinium has also been 
obtained by heating the chloride with alkali 
metal (Klemm and Bommer (Z. anorg. Chem. 

1937, 231, 138). 

Physical Pkopheties. —The relative abund¬ 
ance of the seven (?) isotopes of gadolinium 152, 
164, 166, 156, 167, 158 is about 0-2, 1-6. 21, 23, 
17, 23 and 16 respectively. The existence of 
the first two of these isotopes is doubtful (Aston, 
Nature, 1933, 132, 930). 

Much attention has been paid to the magnetic 
properties of the element. It has ferromagnetic 
and paramagnetic Curie points at 16 ® and 
29 * 6 ®C. respectively, and at low temperatures 
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its ferromagnetic properties are superior to those 
of iron. At O'* absolute the specific magneti¬ 
sation is 263*5 C.Q.S. units as compared with 
221*7 for iron, while the atomic moments, 
expressed in Weiss magnetons, are 35*4 for 
gadolinium and 11 for iron. The magnetic 
moment of the Gd*** ion is 39*20 magnetons 
while that of the oxide Gda 03 is 39*26; the 
moment of the sulphate Gd 2 (S 04 )„8H,0 is 
39*28 (Urbain, Weiss and Trombe, Compt rend. 
1935, 200, 2132; Trombe, ibid. 201, 652; Ann. 
Physique, 1937, [xl], 7, 385 ; Cabrera, Compt. 
rend. 1937, 205, 400; J. Chim. phys. 1939, 86 , 
117; N6el Z. Elektrochem. 1939, 45, 378). 

The reduction potential is —1*810 and the 
potential of metal formation is —1-955 (Noddack 
and Brukl, Angew. Chem. 1937, 50 , 362). In 
0*1 A solution of the chloride the transference 
number of gadolinium is 0*433 (Haas and Kode- 
bush, J. Amer. Chem. Soc. 1933, 55 , 3238). 

Spectra. —Like many of the rare-earth ele¬ 
ments the emission spectrum of gadolinium is 
rich in lines, the chief ones in the arc spectrum 
being; 3082*0, 3646*2, 3671*25, 3719*5, 3768*4, 
3796*45, 3814-0, 3862-5, 3916*6, 4037-35, 4063 6 , 
4130*4, 4184-3, 4262*1, 4342*2, 6996-8. 

Some additional prominent lines in the spark 
spectrum are: 2904*7, 2955*5, 3350-5, 3422*5, 
3685-0, 3664-6, 4261-8, 4436-2 (Albertson, 

Physical Rev. 1935, [ii], 47, 370; 1936, [ii], 49, 
208; King, Astrophys. J. 1930, 72, 221). 

Gadolinium possesses the simplest absorption 
spectra of the rare-earth ions consisting of a 
number of extremely sharp lines mainly in the 
ultra-violet. In the case of GdCI,, 6 H 20 and 
GdBPgjGHjO the spectra indicate that the 
6 mol. of water are spaced symmetrically around 
the Gd* * * ion and lie between it and the halogen 
ion (Spodding et al.f J. Amer. Chem. Soc. 1930, 
52, 3747; 1933, 55, 497; Physical Rev. 1931, 
[ii], 38, 2296; J. Chem. Physics, 1937, 5, 33). 

Chemical Properties. —Hot water has no 
appreciable action on the metal though it slowly 
tarnishes in moist air; it is attacked by hydro¬ 
chloric acid. 

Conflicting results have been obtained in 
determining the basicity of gadolinium in relation 
to its neighbours in the rare-earth series. Sher¬ 
wood and Hopkins (J. Amer. Chem. Soc. 1933, 
55, 3117) studying the precipitation by sodium 
nitrite give the order Sa>Eu>Gd, in agree¬ 
ment with Katz and James {ibid. 1914, 36, 779) 
(hydrolysis of sulphates) and Brinton and James 
{ibid. 1921, 48, 1451) (hydrolysis of carbonates). 
On the other hand, the last-named authors from 
experiments on the precipitation by ammonium 
hydroxide obtain the order Gd>Sa which 
agrees with the order Eu>Gd>Sa given by 
Britton (J.C.S. 1925,127, 2142). Brauner and 
Svagr (Coll. Czech. Chem. Comm. 1932, 4 , 49, 
239) state that the basicity of the rare earths 
diminishes from La to 8 a but increases again 
with Gd which has a basicity approaching that 
of lanthanum. 

Compounds. 

Gadolinium Oxide (gadoUnia), Gd^Os.— 
Colourless, amorphous, hygroscopic powder 
absorbing carbon dioxide from air. It is pre¬ 
pared by igniting the hydroxide, nitrate, car¬ 


bonate or oxalate; ignition of the sulphate needs 
a high temperature to expel the last traces of 
oxides of sulphur. Gadolinia is magnetic, its 
magnetic susceptibility increasing with de¬ 
creasing temperature from about 130 x 10~® at 
20° to 279*0x10-® at -140"C. (Wdliams, 
Physical Rev. 1919, [ii], 14, 348); its specific 
gravity at 16° is 7*407. 

The hydroxide, Gd (OH) 3 , is formed as a gela¬ 
tinous precipitate, insoluble in excess of precipi¬ 
tant, when solutions of gadolinium salts are treated 
with alkali or ammonium hydroxide or sul¬ 
phide ; organic hydroxy acids hinder or prevent 
precipitation of the hydroxide. Like the oxide 
it absorbs carbon dioxide from the atmosphere. 

Gadolinium Fluoride, GdFg.—Addition of 
hydrofluoric acid to aqueous gadolinium sul¬ 
phate yields the fluoride as a white gelatinous 
precipitate becoming granular on heating; it is 
somewhat soluble in hot hydrofluoric acid 
(Popovici, Ber. 1908, 41, 634). 

Gadolinium Chloride, GdCIg. —Formed by 
heating the oxide or sulphide in dry hydrogen 
chloride, by the action of chlorine and a reducing 
agent on the oxide, by heating the oxide, sul¬ 
phate or oxalate in the vapour of sulphur 
chloride or by heating the hydrated chloride in 
hydrogen chloride. It is best prepared by 
heating the oxide w*ith excess of ammonium 
chloride to 200°, or higher, the residual am¬ 
monium salt being removed in vacuo at 300- 
320°C. (Reed, Hopkins and Audrieth, J. Amer. 
Chem. Soc. 1935, 57, 1159; ‘‘Inorganic Syn¬ 
theses,'’ 1939, \ ol. 1, p. 28; Jantsch et al., Z. 
anorg. Chem. 1932, 207. 353). 

W’hite, hygroscopic mass of monoclinic cry¬ 
stals, sp.gr. 4*52 at 0°; in.p. 009°2° (Jantsch 
rial.,l.c.,628°; Bourion, Ann. Chim. Phys. 1910, 
[viii], 21, 74). It is soluble in waller and con¬ 
centration of the aqueous solution yields the 
hexahydrate GdCla.SHgO as deliquescent 
monoclinic crystals, sp.gr. 2*424. GadoUnium 
chloride forms double salts with platinic an<i 
auric chlorides. 

When a slow current of air is passed over the 
molten anhydrous chloride there is produced an 
oxychloride^ GdOCI, which is almost insoluble 
in water (Bourion, Z.c.). 

Gadolinium Bromide. —Both the anhydrous 
and hydrated salts closely resemble the corre¬ 
sponding chlorides and may be obtained in like 
manner. The melting-point of the former is not 
sharp hut extends from 766 to 786°. 

Gadolinium Iodide. —Pale lemon-yellow* salt 
difficult to obtain pure. Formed by heating the 
anhydrous chloride at 600° in a stream of hydro¬ 
gen iodide, it melts at 926°C. (Jantsch et al.y l.c.). 

Gadolinium Chlorate, Gd(CIO 3 ) 3 , 10 H 2 O ; 
perchlorate, Gd(CI 04 ) 3 , 8 H 20 ; bromate, 
Gd(Br03)3,9H20; 

iodate, Gd(l 03 ) 3 , 6 iH 20 ; and periodate, 
Gdl03,4H20, 

have also been prepared. The two last-named 
salts are insoluble in water (Sarkar, Bull. Soc. 
chim. 1926, [iv], 39, 1390; Ann. Chim. 1927, 
[x],8, 207). 

Gadolinium Sulphate, Gd 2 (S 04 ) 3 , 8 H 20 . 
—Separates from a hot solution of the oxide in 
sulphuric acid as colourless monoclinic crystals 
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isomorphous with the corresponding hydrated 
sulphates of the other rare earths; its sp.gr. at 
14-6° is 3*01. The solubility in water decreases 
with increasing temperature being 3*98 g., 
Gda(S 04)3 per 100 g. at O^^C. and 2-26 g. 
at 34-4°. 

Heating the octahydrate to 400° yields the 
anhydrous salt, sp.gr. 4139 at 14*6''. Above 
600° decomposition begins, while at 800-850° 
there is said to be produced an oxysulphate^ 

GdgOsSO.. 

Gadolinium Sulphite. —Hydrates with 11 
and 12 mol. HjO have been reported. The first 
is obtained by double decomposition between 
gadolinium nitrate and sodium sulphite while 
the second is formed by passing sulphur dioxide 
into an aqueous suspension of gadolinia until a 
clear solution results ; alcohol is then added and 
the solution allowed to crystallise (Sarkar, Z.c.). 

Gadolinium Sulphide, GdgSg.—Like the 
sulphides of the other rare earths it cannot be 
prepared in a wet way but is formed when 
hydrogen sulphide is passed over the heated sul¬ 
phate. The resulting yellow solid has a density 
3 * 8 , is hygroscopic and is slowly decomposed by 
water. 

Gadolinium Selenate. —The octahydrate, 
Gd 2 (Se 04 ) 3 , 8 H 20 , is isomorphous with the 
corresponding sulphate and is formed when 
crystallisation takes place from aqueous solu¬ 
tions at 100 °; at room temperature the deca- 
hydrate crystallises out. 

The double salt, Gdj( 8604 ) 3 -K 2 Se 04 , 4 H 20 , 
has also been made. 

Gadolinium Acid Selenite, 

Gd2(Se03)3H2Se03,6H20, 

is obtained as an amorphous precipitate, be¬ 
coming crystalline on standing, when selenious 
acid is added to the acetate. 

Gadolinium Chromate. —Interaction of 
aqueous solutions of potassium chromate and 
gadolinium nitrate yields a gelatinous precipi¬ 
tate, slowly becoming crystalline, of a double 
salt, K 2 Cr 04 -Gd 2 (Cr 04 ) 3 , 7 H 20 . Ifthe alkali 
chromate solution is saturated the precipitate 
corresponds to the formula 

6K2CrO4-Gd2(CrO4)3,10H2O. 

Gadolinium Nitrate, Gd(NOg) 3 .—A hexa- 
and penta-hydrate are known; the former is 
produced when the nitrate is ciystallised from 
aqueous solution while the latter separates when 
cone, nitric acid is the medium. The hexa- 
hydrate forms deliquescent triclinic crystals, 
sp.gr. 2*332, m.p. 91° ; it is soluble in water and 
alcohol. The pentahydrate yields prismatic 
crystals, m.p. 92°, sp.gr. 2-406. It is the least 
soluble in nitric acid of all the rare-earth nitrates 
(von Lang and Haitinger, Annaleii, 1907, 351, 
450; Sarkar, l.c.). 

Numerous double nitrates have been prepared, 
those with the bivalent metals magnesium and 
nickel having proved useful in the separation of 
gadolinium. 

Gadolinium Orthophosphate, 
GdP 04 , 6 iHaO. 

—Formed as a gelatinous precipitate, slowly be¬ 
coming crystallme, when a cone, and slightly 


ammoniacal solution of disodium phosphate is 
added to gadolinium chloride solution. 

Gadolinium Carbonate.—Carbon dioxide 
passed through a warm aqueous suspension of 
gadolinium hydroxide causes the appearance of 
small crystals which, dried at 100 °, correspond 
to the basic carbonate Gd(0H)C03,H20. If 
passage of the gas be continued for a long time, 
larger crystals appear which apparently consist 
of the normal carbonate Gd 2 (C 03 ) 3 , 13 H 20 . 

Addition of potassium carbonate to a solution 
of a gadolinium salt precipitates a double car¬ 
bonate, H 2 C 03 Gd 2 (C 03 ) 2 l 2HoO. 

Gadolinium Formate, Gd(HCOO) 3 .—Ob¬ 
tained by concentrating a solution of the 
hydroxide in dilute formic acid; the crystals 
when dried over potassium carbonate are 
anhydrous. 

Gadolinium Oxalate, Gd 2 (C 2 O 4 ) 8 , 10 H 2 O. 

—Separates in monoclinic crystals from a solu¬ 
tion in nitric acid. Sarkar states that addition 
of a cone, solution of potassium oxalate to one 
of gadolinium chloride yields a sparingly soluble 
precipitate of the double salt 

KGd (€ 204 ) 2 , 4 H 2 O. 

The acetate, malonate, tartrate, citrate and 
salts of many other organic acids are also 
known (Sarkar, l.c,). 

Gadolinium Dimethyl Phosphate, 
Gd(Me 2 P 04 ) 3 . 

—Obtained as colourless needles on crystallising 
a solution of gadolinia in dimethyl hydrogen 
phosphate. Its solubility decreases markedly 
! with increasing temperature, being 37 g. per 
100 g. HgO at 0°, 24-2 g. at 25° and 6-7 g. at 95°. 
i The salt tends to hydrolyse in aqueous solutions 
though this is not serious below 50° (Morgan and 
James, J. Amer. Chem. Soc. 1914, 36, 10; 
Marsh, J.C.S. 1939, 654). 

Gadolinium Acetylacetone, 

Gd(C3H702)3,3H20. 

—Separates as a sparingly soluble, crystalline 
precipitate when a slightly ammoniacal solution 
of acetylacetone is added to a neutral solution of 
gadolinium chloride. Recrystallised from chloro¬ 
form and then from boiling alcohol it is obtained 
as rhombic crystals, m.p. 143*6-146° (Jantsch 
and Meyer, Ber. 1920, 53, 1577 ; Sarkar, l.c.). 

Gadolinium Platinocyanide, 

2 Gd(CN) 3 pt(CN) 2 , 18 H 20 . 

—Red rhombic crystals with a green reflex re¬ 
sembling the isomorphous platinocyanides of 
yttrium and erbium ; the corresponding double 
salts of the cerium group are yellow with a blue 
reflex. 

Other complex cyanides which have been pre¬ 
pared are the cobalticyanide, 

Gd2[Co(CN)3]2,9H20, 

the ferrocyanlde, KGd[Fe(CN) 3 ], 6 H 20 , and 
the ferricyanide, Gd[Fe(CN) 3 ], 4 JH 80 . 

Bibliography. —^B. 8 . Hopkins, “ Chemistry of 
the Rarer Elements,” 1923; S. I. Levy, “ The 
Rare Eartlis,” London, 1924; J. W. MeUor, “ A 
Comprehensive Treatise on Inorganic and 
Theoretical Chemistry,” Vol. V, London, 1924. 

G. R. D. 
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GAHNITE orZiNC'SPiNEL. Zinc alu-• yellow colour and its yeUow solution in sul- 


minate, ZnAL 204 , crystallised in the cubic 
system and belonging to the spinel group of 
minerals. According to the formula it contains 
44-3% ZnO (35*6% Zn), but this is usually 
partly replaced isomorphously by ferrous oxide, 
manganous oxide and magnesia, whilst the 
alumina may be partly replaced by ferric oxide. 
The mineral usually occurs as grey or dark 
greenish-black, opaque octahedra. Sp.gr. 4*5- 
4*9; hardness 7^8, Wp 1-805-1-818. It occurs 
as crystals embedded in talc-schist at Fahliin in 
Sweden, and more abundantly in crystalline 
limestone with other zinc ores {willemite and 
franklinite) at Franklin Furnace and Sterling 
Hill in New Jersey. It is also found at Boden- 
mais in Bavaria (with pyrrhotine), Massachusetts, 
Western Australia and a few other localities; 
and has also been observed in the muffles of zinc 
furnaces. The mineral was named in 1807 after 
the Swedish chemist, J. G. Gahn (1745-1818). 

A blue gem spinel from Ceylon containing 
ZnO 18'21% replacing magnesia, and with 
sp.gr. 3*967, Wpl*7465, has been named gakno- 
spinel (B. W. Anderson and C. J, Pajuie, Min. 
Mag. 1937, 24, 647). 

L. J. S. 

GAHNOSPINEL v. Gahnite. 

GAHN’S ULTRAMARINE (Vol. II, 25a). 

GAIZE (v. Vol. ir, 1466), 

GALACTAN - SULPHURIC ACID 
ESTER (r. Vol. II, 23d). 

GALACTOCAROLOSE (this Vol., p. 58o). 

GALACTOGEN {v. Vol. II, 302d). 

GALACTOSE (Vol. II, 286a). 

GALACTURONIC ACID {v. Vol. II, 
md), 

GALAFATITE: An aluminium potassium 
sulphate found at Benahabux near Almeria 
and other places in Spain, where it occurs in 
parallel veins from 5 to 6 m. thick. It is 
white when pure, has a sp.gr. 2*75 and hardness 
3*5. It is treated by calcination, followed by 
lixiviation with water, whereby a solution of 
potassium sulphate and a residue of nearly pure 
alumina are obtained. The calcined ore contains 
60-70% of alumina and 25-30% of potassium 
sulphate (Preus, Eng. and Min. J, 1911, 91, 261; 
J. Soc. Chem. Ind. 1911,30, 282). It is evidently 
a form of aluuite (?.v.)* 

L. J. S. 

" Calalith."' One of the early casein- 
formaldehyde plastics, still manufactured for 
buttons, handles, etc. (B.P. 24742, 1897). 

G ALAM BUTTER (v. Vol. I, 6546). 

GALANGA ROOT is the rhizome of 
Alpinia offiA^inarum Hance, a native of China, 
and is employed in the form of a decoction as 
a remedy for dyspepsia. 

Galanga root was first examined by Brandes 
(Arch. Pharm. 1839, [ii], 19, 62), and was subse¬ 
quently studied by Jahns (Ber. 1881, 14, 2385), 
Gordin (Dissert., Bern, 1897), Ciamician and 
Silber (Ber. 1899, 82, 861) and Testoni (Gaz- 
zetta, 1900, 80, ii, 327). These investigations 
demonstrated that it contains kaempferide, 
galangin and galangin monomethyl ether, 

Kaempferide, J, yellow needles, m.p. 

225 ^ is soluble m alkaline solutions with a 


phuric acid shows a blue fluorescence. 

The following derivatives have been prepared ; 
Triacetyl; colourless needles, m.p. 193-194% 
tribenzoyl; m.p. 177-178'^; diethyl ether, yellow 
needles, m.p. 137-139" ; and di6rowo-compound, 
yellow needles, m.p. 224-225° (decomp.). 

With mineral acids in presence of acetic acid, 
kaempferide gives yellow crystalline oxonium 
salts, and with alcoholic potassium acetate forms 
a monopotassium salt which is decomposed by 
boiling water (Perkin and Wilson. J.C.S. 1903, 
83, 136). 

Kaempferide is kaempferol 4'-methyl ether (I) 
(llerstein and von Kostanecki, Ber. 1899, 32, 



HO 

II. 


318) and this constitution has been confirmed 
by synthesis (Heap and Robinson, J.(^S. 1926, 
2336) as follows : Condensation of benzoyloxy- 
acctonitrile with phloroglucinol (Hoesch re¬ 
action) yields a>-benzoylox 5 "phIoracetophenone 
(II) which, when heated with anisic anhydride 
and sodium anisate and the product hj^droJysed, 
gives kaempferide (I). 

Galangin, CigH^jOs, yellowish-white needles, 
m.p. 214-215°, is soluble in alkaline solutions 
with a yellow colour. With acetic anhydride it 
forms a triacetyl derivative, colourless needles, 
m.p. 142*5-143*5°, and with methyl iodide a 
dimethyl ether, m.p. 142°. It gives crystalline 
oxonium salts with mineral acids in the presence 
of acetic acid, and reacts with alcoholic potas¬ 
sium acetate to form monopotassium galangin, 
yellow needles (Perkin and Wilson, l.c.). 

When fused with alkali, phloroglucinol and 
benzoic acid are produced; galangin is, there¬ 
fore, 5:7-dihydroxyflavonol (III). It was first 
synthesised by von Kostanecki, Lampe and 
Tambor (Ber. 1904, 87, 2803) by converting 2'- 
hydroxy-4':6'-dimethoxy-chalkone (IV) into the 



corresponding flavanone, and the latter into its 
isonitroBo-derivative. This compound, on boil- 
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ing with dilute sulphuric acid, gave 6:7-di- 
methoxyflavonol wdiich yielded galangin on 
demethylation. Galangin has also been syn¬ 
thesised by the benzoylation of <u-benzoyloxy- 
phloracetophenone (II), followed by hydrolysis 
of the product (Heap and Robinson, lx.), and, 
less conveniently, by dehydrating aj-2:4:6-tetra- 
benzoyloxyacetophenone (V) by means of boiling 
acetic'anhydride in presence of sodium acetate 
and hydrolysing the product (Chavan and 
Robinson, J.C.S. 1933, 368). 



G6dangin dyes the following shades on mor¬ 
danted woollen cloth: 

Chromium. Aluminium. Tin. Iron. 

Olive- Yellow. Lemon- Deep oHve. 

yellow. yellow. 

Oalangin monomethyl ether, rectangular, yellow 
plates, m.p. 299°, is soluble in dilute aqueous 
potassium hydroxide to an intense yellow solu¬ 
tion, and in sulphuric acid to a yellow solution 
exhibiting green fluorescence. It forms a 
dwice^yl-derivative, very pale yeUow needles, 
m.p. 175-176°, and a dibromide,, yellow needles, 
m.p. 202°. 

When oxidised in alkaline solution by air, 
galangin monomethyl ether is converted into 
phloroglucinol and benzoic acid, and is, there¬ 
fore, galangin 3-methyl ether (Perkin and 
AUison, J.C.S. 1902, 81, 472). Its synthesis was 
effected by benzoylation of <jo-methoxyphlorace- 
tophenone and hydrolysis of the product (Kalflf 
and Robinson, ibid. 1926, 127, 181). 

A. G. P. and E. J. C. 

GALANGIN v. Galanga Root. 

GALAX I TE. Manganese aluminate, 
MnAIjO^, 

belonging to the spinel group, found as small 
black grains in manganese ore in Alleghany Co., 
North Carolina, and named fix)m the neigh¬ 
bouring town of Galax in Virginia. It has a 
red-brown streak and a mahogany-red colour 
by transmitted light; sp.gr. 4*234, hardness 7i, 
n 1*923 (C. S. Ross and P. F. Kerr, Amer. Min. 
1932,17, 15). 

L. J. S. 

GALBANUM. This gum resin, which also 
contains an essential oil, is produced from 
Peucedanum (Ferula) gatbaniflua and several 
other allied species of the UmbeUiferm indigenous 
to Persia. These plants flourish princi|]^y in 
Persia, although existing elsewhere. 


The commercial resin, which is used only to a 
very limited extent in medicine, normally has 
the following characters: 

Specific gravity . . . 1*109-1*133 at 16*5° 

Mineral matter .... 

Essential oil .... 6-12% 

Resin soluble in alcohol . 66-70% 

Gum. 20-26% 

Acid value of resin . . . 20-40 

Ester value of resin . . 60-100 

Rarely 20% of essential oil occurs in very soft 
types of the resin. Galbanum was included in 
the 1680 edition of the “ Pharmacopoeia 
I Augustana ” and in the 1689 edition of the 
“ Dispensatorium Noricum.” The essential oil 
is of a disagreeable odour, and has the following 
characters: 

Specific gravity . . 0*916-0*956 at 16*5° 

Optical rotation. . . —10° to+20° 

Refractive index . 1*4850-1*4960 at 20° 

It contains pinene, nopinene, myrcene, cadinene, 
cadinol and probably a ketone of the formula 

Most of the older statements as to the consti¬ 
tuents of the resin itself are unreliable, but 
umbeUiferone either in the free or the combine<i 
condition is present. The most recent work on 
this subject is that of Kunz and Woldicke (Ber. 
1937, 70 [B], 369). Apart from umbelliferone, 
galbaresinic acid, CJ 4 H 3 QO 5 or CjsHggOj is 
present. Traces of galbanic acid, CjsHjgOjj, are 
present, and at least two neutral lactones, both 
of which have the same formula C 24 H 30 O 4 or 
C^gHggOi* If powdered galbanum be boiled 
with hydrochloric acid under a reflux condenser 
for 16 minutes, the liquid cooled and filtered, 
and rendered alkaline with ammonia, the solu¬ 
tion has a marked blue fluorescence. 

E. J. P. 

G A L E GIN E. Galegine was obtained by Tan - 
ret from Oalega officinalis (Fam. Papilionaoese). 

Galegine, C^H^oNg, m.p. 60-65°, is optically 
inactive, forms hygroscopic crystals, readily 
soluble in HgO and EtOH, insoluble in 
ELO,CHCU and light petroleum; it takes up 
CO 2 from tlie air. The salts are crystalline, 
B 2 *H 2 S 04 is soluble in 23 parts of HjO and 382 
parts of 96% EtOH at 19°, the hydrochloride is 
hygroscopic, other known salts are the nitrate, 
oxalate, picrate, etc.; the dibenzoyl derivative 
forms needles, m.p. 96-96°. 

Galegine yields on hydrolysis not methyl- 
pyrrolidine, as Tanret supposed (Compt. rend. 
1914, 158, 1182), but an unsaturated amine 
CgHj^N, possibly the aminoamylene, 
CMe,:CH*CH 2 NH 2 , 

and Barger and White (Biochem. J. 1923, 17, 
827) suggest for galegine the constitution 
CMe 8 :CH*CH 2 *NH*C(:NH)NH, 

They reduced the base catalytically to dihydro- 
galegine, which they synthesised from iso- 
amylamiiie and cyanamide; oxidation with 
Ba(Mn 04)2 furnished acetone and guanidino- 
acetic acid. Galegine gives Weyl’s recu^ion with 
nitroprusside and a pale red coloration with 
diacetyl, showing the presence of a guanidine 
nucleus (Harden and Norris, J. PhysioL 1911, 
42 , 332). These results were confirmed by 
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Sp&th and Prokopp (Ber. 1924, 57 [B], 474) 
and galegine was synthesised by Spath and 
Spitzy (iowL 1926, ^ [B], 2273). For a later 
synthesis, see Ehrhart, Amer. Chem. Abstr. 1937, 
31, 5865. 

For the microchemical identification of gale¬ 
gine, see Klein and Schlogl, ibid. 1932, 26, 4413. 
The yield of the sparingly soluble sulphate 
(m.p. 227°) obtained by Tanret, Barger and 
White, and Sp&th and Prokopp was uniformly 
0*6% of the seeds. The simplest method of ex¬ 
traction is that of Barger and White, avoiding 
organic solvents other than alcohol. Miiller 
(Z. Biol. 1925, 83, 239) extracts quantitatively 
by precipitation as picrate, and gives some 
biological details; on putrefaction hydroxydi- 
hydrogalegine is formed. 

Galegine, being a guanidino-compound, it and 
its derivatives have been used experimentally 
and clinically as substitutes for insulin (c/. 
Muller and Reinwein, Arch. exp. Pathol. 
Pharmakol. 1927, 125, 212; Reinwein, Miinch. 
med. Woch. 1927, 74, 1794; Chem. Zentr. 1928, 
II, 1466; Braun, J. Chem. Educ. 1931, 8, 2176). 

Schl. 

GALENA (Ger. Bleiglanz; Fr. Oalkne). 
Native lead sulphide (PbS), the principal ore of 
lead (86*6%). It crystallises in the cubic 
system, and possesses three directions of perfect 
deavage parallel to the faces of the cube. Well- 
developed crystals, with the form of the cube 
or cubo-octahedron, are not uncommon. The 
massive mineral is always readily recognised by 
its rectangular stepped cleavages with smooth 
and brilliant surfaces and a lead-grey colour; 
small broken fragments have the form of cubes 
or dice. Further, it can be readily scratched 
with a knife (hardness 2^) yielding a black 
powder, and it is very heavy (sp.gr. 7-6). Ore 
with a very fine-grained texture may present 
somewhat the appearance of steel. 

The presence of small quantities of silver in 
galena is of importance; though usually not 
more than a few ounces per ton in amount, it 
may reach 1%. It is probably present in 
solid solution as silver sulphide, since argentite 
{q.v.) is isomorphous with galena. Examining 
polished surfaces of galena by reflected light 
under the high powers of a microscope, A. M. 
Finlayson (Quart. J. Geol. Soc. 1910, W, 319) 
was able to detect fine strings of native silver 
running along the cleavage cracks of the galena. 
This was, however, only detected in specimens 
taken from the higher levels within reach of 
surface waters; specimens taken from deeper 
levels, where there has been no secondary altera¬ 
tion, showed no native silver. F. N. Guild 
(Econ. Geol. 1917, 12, 297) found that galena 
containing 0*10--0-35% silver shows definite 
spots of tetrahedrite and argentite; whilst 
specimens contaimng more silver show evidence 
of later addition of ruby-silver, etc., in the form 
of veinlets. 

Galena occurs chiefly in veins traversing 
rocks of various kinds, and also filling cavities 
in limestone. It is abundant in all lead-mining 
districts, and by its alteration it gives rise to 
cerasrile, wnghsite and other secondary lead¬ 
bearing minerals. The use of galena for glazing 
pottery gave rise to the names “ potters^ ore,** 


“ alquifoux ” (Fr.) and “ archifoglio *’ (Ital.). 
The powdered mineral is used as a cosmetic by 
the natives of Nigeria. 

L. J. S. 

GALIPOT, Barras, Bordeaux or French 
turpentine, is the product of Pinus maritima, 
and to some extent of the so-called frankincense 
pine. It appears to consist of free acids closely 
related to pimaric acid. 

GALIUM. The roots of various species of 
galium have been employed to some extent for 
dyeing red on aluminium mordant, and Ban¬ 
croft, “ Philosophy of Permanent Colours,” 
lx)ndon, 1813, Vol. II, p. 303, mentions six 
of these plants, the roots of which gave an 
excellent red in this manner. More especially 
he refers to the Galium tinctorium^ the roots of 
which were employed by the French inhabitants 
of Canada to dye their cloths red. 

According also to Bancroft, the roots of the 
nearly allied species of Asperula^ of which he 
specially mentions the Asperula tinctoria known 
as “ Dyer’s woodruff,” were at one time used 
instead of madder for dyeing red. 

The colouring matters present in plants of the 
tribe Galiese of the Ruhiacem have been investi¬ 
gated by Hill (Nature, 1934, 134, 628), Richter 
(J.C.S. 1936,1701) and Hill and Richter (Nature, 
1936, 138, 38; J.C.S. 1936, 1714; Proc. Roy. 
Soc. 1937, B, 121, 647). The madder plant, 
Ruhia iinctorum, belongs to this group, and 
examination of the related Bedstraws (Galium) 
has shown that purpurin-3-carboxylic acid occurs 
in the roots of members of the whole tribe 
Galiew. Alizarin is found in significant amounts 
only in certain species, e.g. Ruhia tinclorum, 
Galium mollugoy G. erectum ; it is absent in the 
wild madder, Ruhia peregrinUy and onlj^ a trace 
occurs in Galium verum. 

The three principal colouring matters, pur- 
purin-3-carboxylic acid (I), rubiadin (II), and 
alizarin (III) occur in the plants as glycosides 





III. 


and these are isolated from the roots in the 
following manner: 
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Finely divided material extracted for a short time 
with boiling^ water and extract treated with lead acetate. 


Solution treated witli Precipitate-^G'oiifMfin. 
lead acetate and 
ammonia. 


Precipitate decomposed 
with Bulphirric acid in 
50% alcohol and solu¬ 
tion fractionaUy preci¬ 
pitated with barium 
hydroxide. 


First fraction : Second fraction : In solution : 
Ruberythric acid. Rubiadin prime- AsperuJoside. 
veroside. 


colloidal palladium and hydrogen in cold dilute 
aqueous solution, the sugar residue being 
removed in the process. This reaction, together 
with the fact that galiosin resembles munjistin 
and xanthopurpurin (VI) in its colour reactions 
and dyeing properties, indicates that the sugar 
residue is in the 1-position : 



Galiosiriy was isolated from 

Ruhia tinctoruniy R. peregrina, Qalium verum and 
O. mollugo, and its characteristic colour reactions 
were given by the other species from w^hieh 
purpurin-3-carboxylic acid was obtained. It 
forms yellow needles which decompose above 
100 ° and dissolve in dilute alkalis with a deep 
orange coloration. 

Gahosin is extremely unstable and is decom¬ 
posed, for example, on standing with cold dilute 
hydrochloric acid or sodium carbonate solution, 
or by boiling for a few hours with either alcohol 
or water. When hydrolysed under very mild 
conditions with dilute acid, it yielded purpurin- 
3-carboxylic acid and a disaccharide identified 
as primeverose (6-)S-d-xylosido-d-glucose). The 
constitution of the sugar was established by 
hydrolysing it to glucose and d(-f)-xylose. 

The structure of the aglycone, purpurin-3- 
carboxylic acid, was confirmed by synthesis. 
Condensation of purpurin with formaldehyde in 
the presence of sulphuric acid at 20° yields 3- 
hydroxymethylpurpurin (IV) which is con¬ 
verted into purpurin-3-carboxylic acid (I), m.p. 
218-220° (decomp.), by oxidation with nitroso- 
sulphuric acid in the presence of boric acid at! 
146°. ! 


Ruberythric acid^ 925^260iS»*^ 20, m.p. 267°, 
is the glycoside of alizarin {v. Vol. I, 216c). 

Rubiadin primeveraside. —In addition to galio¬ 
sin, the roots of Oalium verum contain a con¬ 
siderable amount (0*14% of the fresh roots) of a 
rubiadin glycoside, CggHggOjg, pale yeUow, 
parallel-sided plates, m.p. 248-250°. Very little 
alizarin glycoside is present in this plant. 

When boiled with 0‘4V-8ulphuric acid for 
6 hours, the rubiadin glycoside yielded d(-f )- 
xylose and a product, yellow needles, m.p. 268°, 
which proved to be identical with the rubiadin- 
3-gluco8ide isolated by Schunck and March- 
lewski (J.C.S. 1893, 63, 969, 1137) from madder. 
Since the rubiadin glycoside gives red salts with 
alkabs, it is evident that one hydroxyl group 
in the anthraquinone nucleus is free, and there¬ 
fore the pentose is attached to the glucose as a 
disaccharide. By analogy with galiosin it is 
probable that this d(-f)-xylo8ido-gluco8ide is 
also a primeveroside: 


CO 



'CHa 




Galiosin is reduced to munjistin (V) under 
extremely mild conditions, e.g. by treatment with 


Rubiadin primeveroside. 

Rubiadin primeveroside was also isolated from 
Oalium mollugo. 

Since galiosin, ruberythric acid and rubiadin 
primeveroside are hydrolysed by the enzymes ot 
Primula officinalis and P. vulgaris^ it is con¬ 
cluded that the sugar residues are attached to 
the aglycones by linkages of the normal )3- 
glucosidic type. 

Asperuloside was recognised by the green 
colour produced on boiling with acid. This 
glucoside, isolated by H4rissey (J. Pharm. Chim. 
1926, [viii], 2, 177; Compt. rend. 1926, 180, 
1696; 1926, 182, 866 ; 1927, 184, 1674) from 
Aaperula odorata, Qalium aparine and 0 . verum, 
forms colourless needles, m.p. 126-127°, [aj^ 
—204-4°, M, 410. _By hydrolysis with acids or 
emulsin, it yields 43-46% of dextrose and a 
brown precipitate of a decomposition product of 
the unknown aglucone {aspertdigenol). H^rissey 
(Bull. Soc. Chim. biol. 1926, 8 , 1208) considers 
that asperuloside is probably identical with the 
rubichloric acid obtained from madder root by 
Rochleder (Annalen, 1861, 80, 321). 

A. G. P. and E. J. C* 
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GAL I OS IN, r. Gauum. 

QALIPINE, GALiPOLINE, GALl- 
POIDINE (V. Vol. Ill, 462d, 463a). 

GALLACETOPHENONE, 

C6H,(0H)3C0CH3. 

Made by condensation of pyrogallol and acetic 
acid. Has been used as a mordant dyestuff 
under the name of Alizarine Yellow C. 

GALLIC ACID, ^'A:5-Trihydroxybenzoic 
acid, CeHa(OH)8COOH, discovered by Scheele 
in 1786 and its structure elucidated in 1834 by 
Pelouze (Ann. chim. Phys. 1833, [iij, 64, 350; 
Annalen, 1834, 10, 168), occurs widely distri¬ 
buted in many plants rich in tannin and as a 
product of fermentation (Freudenberg, “ Die 
Chemie der natiirlichen Gerbstoffe,” Berlin, 
1920; E. Fischer et al,, Ber. 1912, 46, 929 ; 1914, 
47, 2495; 1918, 61, 1772; 1919, 62 [B], 183). 
Thus, for example, it may be obtained from the 
Aleppo gall (Diz^, Gren’s J. d. Physik, 1793, 7, 
401); from the acorn of Qttercus aegilopa L. 
(Stenhouse, Annalen, 1843, 45, 15); from willow 
bark (Powarnin, Krassin and Powarnin, Chem. 
Zentr. 1914,1,1610); from the leaves of Coriaria 
japanica A. Gray (U. T. Kariyone, K. Kasiwagi 
and S. Mizutani, J. Pharm. Soc. Japan, 1937, 
67, 182); from Chinese tea (Hlasiwetz and Malin, 
Annalen, 1867, 142, 234); as the methyl ester 
from the fruit of Cseealpinia brevifolia Baill. 
(Nierenstein. Chem. Zentr. 1905, II, 527); from 
the bark of IJamamelia virginica L. (Gruttner, 
Arch. Pharm. 1898, 286, 293) and from Chinese 
galls (Feist and Haun, Chem.-Ztg. 1912, 86, 
1202 ). 

It is obtained from tannin, by hydrolysis and 
by fermentation (Nierenstein, Chem.-Ztg. 1909, 
88, 126; Ber. 1910, 48, 628; Sisley, BuU. Soc. 
chim. 1909, [iv], 5, 730; Strecker, Annalen, 
1852,81,249; 1854.90,331; Fembach, Compt. 
rend. 1900, 181, 1214; Gruttner, Arch. Pharm. 
1898, 286, 313). It has been formed by heating 
3:6-dibrom-4-hydroxybenzoic acid with barium 
hydroxide and water at 175° (Bayer & Co., G.P. 
249939, Chem. Zentr. 1912, II, 656). 

Preparation, —Gallic acid is prepared by the 
mould fermentative fission of tannin (Scheele 
and Steer, J.C.S. 1856, 8 , 482). Willstein {ibid, 
1853, 5, 435) recommends an addition of yeast 
for the working of Chinese galls. The acid may 
be isolated from the mother liquor as the lead 
salt (Heinemann, Chem. Zentr. 1901, II, 1286). 
M. Nazarento (J. Appl. Chem. Russia, 1937, 10, 
166) gives a method for obtaining the acid in a 
70% yield by hydrolysing the aqueous extract 
of tannin-containing plants with NaOH. The 
technical < methods of preparation are dis¬ 
cussed by I. Taidno (J. Pharm. Soc. Japan, 1929, 
40 , 1~69). 

Physical Properties. —Gallic acid exists in two 
polymorphic forms (E. Lindpaintner, Mikro- 
chem. 1939, 27, 21 ). It is soluble in 3 parts of 
boiling water; 132 parts water at 12*5°; 4*5 
parte abeolute alcohol; 40 parts ether; 3*4 
parts acetone and 12 parts ethyl acetate; 
insoluble in chloroform and benzene (Rosenheim 
and fiohidrowitz, J.C.S. 1898, 78, 882). It c]^- 
etalUsea from water in monoclinic prisms with 
1 H,0 which it loees above 100^ and melts at 
(Perkin and Wood, ibid, 1898, 73, 376; 
Vol, V.—27 


S. Hirano, J. Soc. Chem. Ind. Japan, 1939, 42, 
Suppl, binding 26). d^, sohd, 1*694 (Schroder, 
Ber. 1879,12, 1612; 1880,18, 1074). Electrical 
dissociation constants by potentiometric titra¬ 
tion and corrected for interionic attractions 
Ki-4*63xl0-^ K2-1*41 x 10-» at 30° (C. 

Abichandani and S. Jatkar, J. Indian Inst. Sci. 
1938, 21A, 417), The acid is distinctly tetra- 
basic, as shown by electrometric titration (S. 
Sunthankar and S. Jatkar, ibid. 1938, 21A, 209; 
Hans Schweitzer, Collegium, 1933, 149). Raman 
spectra (B. Susz, S. Fried and E. Briner, Helv. 
Chim. Acta. 1936, 19, 1359). Exchange experi¬ 
ments with heavy water (F. ]Vliinzl>erg, Z. 
physikal. Chem. 1936, [B] 23). Effect of 

colloids on the solubility in water (L. Steen- 
huisen, Pharm. Weekblad, 1930, 67, 1269). 

Chemical Properties .—Gallic acid decomposes 
into COa and pyrogaUol by dry distillation 
(Bracannot, Annalen, 1832, 1, 26; Pelouze, ibid. 
1834, 10, 159; Liebig, ibid. 1867, 101, 48); by 
heating with 3 parts water under pressure at 200° 
(De Luynes and Esperandieu, Compt. rend. 1865, 
61, 489); by heating with glycerin (Thorpe, 
Pharm. J. 1881, [iii], 11, 990), or with 2 parts 
aniline (Cazeneuve, Bull. Soc. chim. 1892, [iii], 
7, 549; 1896, [iii], 15, 72; von Hemmelmayr, 
Monatsh. 1911, 32, 790; 1913, 84, 372). 

Oxidation .—An alkaline solution of gallic acid 
absorbs oxygen from the air, forming a dark red 
solution (Buckner, Annalen, 1845, 63, 369; Lie¬ 
big, ibid. 1861, 77, 111; Vaukel, Z. angew. 
Chem. 1903, 16, 391; Schewket, Biochem. Z. 
1913, 64, 277). In the presence of air, at — 6 ° to 
+ 5° and 2-3 mol. of alkali, gallic acid forms gallo- 
flavin (Bohn and Graebe, Ber. 1887, 20, 2328). 
Gallic acid on oxidation with nitric acid (Schififer, 
ibid, 1892, 26, 722); chlorine, or CuSO^ and 
alkali yields oxalic acid as the main product 
(Bottinger, Annalen, 1890, 267, 248; 1890, 
260, 337 ; Bi^trix, Compt. rend. 1896, 122, 1545); 
with cone, sulphuric acid l:2:3:6:6:7'Hexa- 
droxy anthraquinone (rufigallic acid) is ob¬ 
tained (Robiquet, Annalen, 1836, 19, 204). 
Ellagic acid is the product obtained by oxidising 
with persulphates in the presence of acetic and 
sulphuric acids (Perkin, J.C.S. 1905, 87, 1412; 
1906, 89, 252); with KMnO^-fHgSO. (Oser 
and Flogl, Ber. 1876, 9, 136); with 

F ^^(SOi)^^" H2S0^ 

(Bleuler and Perkin, J.C.S. 1916, 109, 541); with 
iodine and water (Griessmayer, Annalen, 1871, 
160, 56); and with KCIOj-hHCI (Buschiyew, 
Chem. Zentr. 1910, I, 1011); with hydrogen 
peroxide it yields aconitic acid (Kariyone, 
Kasiwagi and Mizutani, J. Pharm. Soc. Japan, 
1937, 67, 182). With ferric salts the oxidation 
product forms a black blue precipitate (Barreswil 
Compt. rend. 1844, 17, 739; 1844, 17, 1064; 
Wackenroder, Annalen, 1840, 81, 78; Arch. 
Pharm. 1841, 77, 269). Pupurogallinoarboxylic 
acid and in some cases flavellagio acid are 
obtained by electrolytic oxidation of gallic acid 
(A. Perkin and F. Perkin. J.C.S. 1904, 86 , 246; 
1908, 98, 1186). 

Reduction ,— Gallic acid is only appreciably 
reduced in alkaline solution, benzoic acid being 
produced (Guimet, Compt. rend. 1891, 118, 200; 
Gardner and Hod^on, J.C.S. 1909, 69, 1819). 
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Hcdogenaiion. — Chlorination in chloroform 
yield a mixture of dichlorogallic acid and tri- 
chloropyrogallol (Bi 6 trix, BuU. Soc. chim. 1896, 
[iii], 16, 904). Bk)th mono- and di-bromogallic 
acid are produced by bromination under various 
conditions (Hlasiwetz, Annalen, 1867, 142, 250; 
Grimaux, Compt. rend. 1867, M, 976; Bi 6 trix, 
BuU. Soc. chira. 1892, [iii], 7, 412; 1893, [iii], 9, 
241; Etti, Ber. 1878, 11, 1882). Iodine acts 
as oxidant {see above), 

Gallic acid condenses with manj^ aryl hydroxy 
compounds (Noelting and Meyer, ibid. 1897, 80, 
2591 ; Graebe and Eichengrtir^, Annalen, 1892, 
269, 313; G.P. 49149); while HCHO in the 
presence of HCI yields four different 2 : 2 '- 
methylene-digallic acids (Mohlau and Kahl, 
Ber. 1898, 81, 259; Kleeberg, Annalen, 1891, 
268, 285; Nierenstein and Webster, Ber. 1908, 
41, 81). Gallic acid may be successfully aeety- 
lated to triacetyl gallic acid with either acetyl 
chloride or acetic anhydride (SchifF, Annalen, 
1872, 163, 210 ; Bottinger, Ber. 1884, 17, 1503; 
Sisley, BuU. ^c. chim. 1894, [iii], 11, 665; 
Keychler, Chem, Zentr. 1908, I, 1042; F. 
Chattaway, J.C.S. 1931, 2495). 

GaUic acid and its derivatives undergo con¬ 
densations wdth nitrosodialkylanilines (Frdl. I, 
267 ; 11, 158, 167 ; IV, 485, 506; Chem. Zentr. 
1910, I, 391; Houben, Ber. 1913, 46, 3992) 
and with quinonochloroimine (Chem. Zentr. 1912, 

I, 180) to form dyestuffs of the oxazine or gaUo- 
cyanine groups. It also condenses with o-nitroso- 
naphthols or o-aminonaphthols to form brown 
dyestuffs used in tanning (Frdl. IV, 504). 

Detection and Estimation, —For colour re¬ 
action with iron salts, see Chemical Pro¬ 
perties, also Weinland and Binder (Ber. 1912, 
45, 151). In presence of cone, sulphuric acid, 
alkaloids containing a methylene dihydroxy 
group exhibit a blue or green coloration on 
an alcoholic solution of gallic acid (Labat, BuU. 
Soc. chim. 1909, [iv], 5, 742). A solution of 
KCN [1:30] produces a ruby-red coloration 
(Griggi, BoU. Chim. farm. 1898, 38, 5; Sanchez, 
BuU. Soc. chim. 1911, fiv], 9, 1058). An alkaline 
lead solution shaken with gallic acid in the 
presence of air produces a red colour (Spica, 
Gazzetta, 1901, 31, II, 206), but if the lead is in 
excess the colour is green (Schewket, Biochem. 
Z. 1913, 64, 280). For further colour reactions, 
see J. Quastel (Analyst, 1931, 66, 311), S. A. 
Celsi (Rev. Centro estud. farm y. bioqufm, 1928, 
16, 642) and Bottinger (Annalen, 1890, 266, 
341; J.S.C.I. 1890, 9, 460). A microchemical 
reagent consisting of formol and HCI gives a 
micro-crystalline soUd with gaUic acid (L. Rasi 
and S. Celsi, Anales farm, bioqulm, 1931, 2, 
40). Assay for purity of gaUic acid is given in 
“ Deutsches Arzneibuch,” 6 th ed., Berl&, 1926, 
20 . 

Gallic acid has been estimated by the iodo- 
metric method (Gardner and Hodgson, Proc. 
Chem. Soc. 1908, 24, 273; Dabvi, J. Indian 
Inst. Sci. 1931, ISA, 193; Spica, Gazzetta, 
1901, 81, ii, 201; Hamack, Arch. Pharm. 1896, 
234, 537; Bucl^er, Ann^en, 1845, 68, 537; 
Hinsdale, Chem. News, 1891, 64, 51; Dreaper, 

J. S.C.I. 1893, 12, 412; Chem. News, 1904, 
90, 111 ; Jean, J.S.C.L 1900, 19, 382); by 
precipitation as bismuth fubgallate (M. Hirsch, 


Chem.-Ztg. 1927, 61, 718); by using Nessler’s 
reagent (M. Goswami and A. Shaha (J. Indian 
Chem. Soc. 1937, 14, 208); by neutralisation 
with alkaU (Procter and Bennett, J.S.C.I. 1906, 
25, 251). 

Salts of GaUic Acid .—GaUates of the metals 
are in general produced by the reaction of gallic 
acid with an oxide or hydroxide of a metal with 
a higher atomic number than 21 (Hans Schmidt 
(to Winthrop Chemical Co.) U.S.P. 1889383. 
Nov. 29, 1933; Buchner, Annalen, 1845, 68 , 
175). ** Dermatol,'* q.v., is bismuth subgaUate 
and ** Airol," q.v., is bismuth oxi-iodo-gallate. 
**Oallogen {gallol)," is the aluminium salt and 
used as an antiseptic astringent. 

Uses .—GaUic acid is employed as photographic 
developer, in the manufacture of inks, prepara¬ 
tion of dyestuffs and in medicine (G. Cohn in 
F. UUmann, “ Enzyklopadie der technischen 
Chemie,” 2nd ed., Vol. V (Berlin, Wien, 1930), 
p. 469). 

GALL IS IN {V. Vol. 11, 299a). 

GALLIUM. Atomic weight 69-72 (69*74, 
Lundell and Hoffmann, 1935), atomic number 
31, isotopes 69 and 71. 

Predicted by Mendelcef and caUed by him 
eka-alumininni, gallium was discovered by 
Le<oq de Boisbaudran in 1875 dimng the 
spectroscopic; examination of material isolated 
from the zinc blonde of Pierrefitte in the 
Pyrenees. Although always occurring in minute 
quantities it is widely distributed in nature and, 
as might be expected, is often found associated 
with aluminium in clays, felspars, nephelines, 
etc. It is frequently a constituent of zinc 
blendes whUe it may also accompany iron, 
manganese and chromium in their ores; hence 
it has often been detected in commercial samples 
of these metals. The richest mineral source of 
the element isgerrnanite (q.v.), a copper sulphide 
ore found in South-West Africa which may 
contain 0-5-0-7% of gallium. It is found in the 
ash of many coals in amounts up to 0*05% 
whUe in flue dusts an enrichment may take 
place, samples containing up to 2 % having been 
obtained (Goldschmidt and Peters, Nachr. Ges. 
Wiss. Gottingen, 1931,165; 1933,371; Ramage, 
Nature, 1927, 119, 783; Morgan and Davies, 
Chem. and Ind. 1937, 66 , 717). 

At present the only source being worked for 
gallium is the rhenium-rich copper schist of 
Mansfeld. The aluminium phosphate residues 
occurring during the isolation of molybdenum 
and rhenium from this schist are dissolved in 
caustic soda and the solution carefully addiffed 
with sulphuric acid when a predpitate consisting 
of basic sulphates and phosphates of al uminium 
and tin is obtained; this may contain upwards 
of 7% of gallium. The predpitate is diraolved 
in 4-N-Bul^uric acid and the solution submitted 
to fractional hydrolysis by adding water or, 
better, sodium sulphite. Gallium accumulates 
in the first fractions and these are again taken 
up in Bulphurio acid, the solution now being 
treated with hydrogen sulphide imder pressure 
to remove molybdenum and tin. The filtered 
liquor is then made strongly alkaline and the 
metal extracted electrolytically (Peit, Angew. 
Chem. 1933, 46, 216). 

In the further purification of the metal one 
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or more of the following operations are used: 
(a) conversion into the chloride and extraction 
of this from 6A^- HCI with ether; after removing 
the solvent the dilute solution of the residue is 
treated successively with hydrogen sulphide to 
remove heavy metals and excess sodium 
hydroxide to remove iron ; (b) crystallisation of 
the alum, (NH 4 )Ga(S 04 ) 2 , 12 Hj 50 ; (c) frac¬ 
tional distillation of the chloride or bromide; 
(d) fractional crystallisation of the metal. 

Physical Properties. —Gallium is a bluish- 
white diamagnetic metal melting at 29*78° to a 
lustrous silvery-white liquid the boiling-point 
of M'hich is estimated to be about 2,391^1“ abs.; 
the liquid shows a great tendency to sujKTfusion. 
Two isotopes ®®Ga and ’^Ga are known, the 
relative abundance being 1-6:] 0 from which, 
assuming a packing fraction of - 9*8 x lO an 
atomic weight of 09-71 is obtained. At tempera¬ 
tures removed from tiic melting-point gallium 
is hard and brittle though at room temperature 
it may bo rolled into thin films ; it marks paper 
with a grey streak and its hardness on the 
Moh scale is given as 1-5 (Rydberg) or 2-3 
(Einecke). The density of the solid is 5-904 
and of the liquid 6-095, the dilation on solidifi¬ 
cation being 0-00531 c.c. per g. The compressi¬ 
bility at 20° is 2-09 x 10~®, approximately half 
that for the liquid (3-97 x 10"®). The latent 
heat of fusion— —19-16 g.-cal.; specific heat 
between 0° and 16°-0-0887 while that of the 
liquid is 0-0977 ; atomic heat /^6-25. The mean 
coefficient of expansion (a) over the temperature 
range —78-3 to 18° is 5-3 x 10"® and for the range 
32-8-310° is 11-87x10“®. 

The specific resistance of solid gallium is nearly 
twice that of the liquid, p(0°)—53-0 x 10"®, 
p(30-3^)=27-2xI0-«; Hall effect --6-3x10"®. 
At temperatures near the absolute zero the metal 
becomes superconducting. 

Spectra. —In the X-ray spectrum the chief 
linea of the K series are ^ 1 -350a, aj — 1 -34087a, 
a3-l-33186A, /3 i-1-20543a, 1038a, Py 

— 1-1959a. Tlio critical K absorption line is 
1* 1902a while the wave-length of the main K 
absorption edge is 1- 1925a. 

Both the arc and the spark spectra of gallium 
(‘ontain a number of intense lines suitable for 
purposes of detection ; the most persistent lines 
are the two violet ones 4172 05 and 4033*03. 
The spectral series have been studied by Ryd¬ 
berg (K. Svenska Vet. Akad, Handl. 1890, 23, 
No. 11), Paschen and Meissner (Ann, Physik, 
1914, (4), 48, 1223), absorption spectra, Grotrian 
(Z. Physik, 1923, 12, 218; 18, 169), X-ray 
spectra, Gwinner {ibid. 1938, 108, 523); see also 
Powder, “ Report on Series in Line Spectra,” 
London, 1922. 

Crystal Structure of OaUium. —Orthorhombic 
with three different axes : a=4*5167, 6=4*5107, 
c=7-0448, aic 1*6926. Each atom is surrounded 
by seven others, one at 2*43 and two each at 
2*70, 2*73 and 2*79a. This structure consists 
eitlier of deformed hexagonal rings or possibly 
contains Ga,. molecules (Bradley, Z. Krist. 1935, 
91, 302). 

Chemical Pbopebtiss.—^T he metal is stable in 
dry air but slowly tarnished in moist air or 
oxygen, the action proceeding more rapidly in the 
liquid phase. It does not decompose water 


although with caustic alkalis hydrogen is slowly 
evolved. Of the mineral acids concentrated 
hydrochloric acid alone attacks it to any 
appreciable extent in the cold. The action of 
nitric acid is comparatively slow even on warm¬ 
ing for, like iron and aluminium, the metal 
acquires a certain degree of passivity; this is 
due to the resistant film formed under the action 
of oxidants. With liquid gallium the film is 
particularly tenacious and being fairly elastic 
is not easily perforated. Halogens attack the 
metal with vigour and the evolution of light and 
heat, although in the case of iodine warming is 
neceasary to initiate the reaction. 

Two classes of compounds arc known in which 
gallium is respectively bivalent and trivalent; 
in addition there is also evidence of univalent 
derivatives. 

A 1 .LOY.S.—Numerous binary and a lesser 
number of ternary, quaternary and even quin¬ 
tornary combinations have been produced some 
of which are liquid at room temperatures. 
Copper-gallium alloys resemble the brasses of 
aluminium, indium and tin. A little gallium in¬ 
creases both the strength and hardness of copper 
but the electrical conductivity is considerably 
decreased. A higher gallium content renders 
the alloys brittle so that they cannot be turned; 
this applies also to silver and zinc alloys. On 
the other hand gallium-magnesium alloys are 
easily turned or rolled while they may possess a 
I hardness up to 50 Brinell. With aluminium, 
indium and tin there are formed low melting 
alloys; the eutectic with tin contains 8 atomic 
per cent, of this metal and melts at 18°. Addi¬ 
tion of indium lowers the melting-point still 
further so that an alloy of 60% Sn, 30% Ga 
and 10% In has been recommended to replace 
mercury. 

l^SES.—Gallium has been used to some extent 
in thermometry, fused quartz being used instead 
of the glass of ordinary thermometers; tempera¬ 
tures up to 1 , 000 ° may be measured (Boyer, 
J. Opt. Soc. Amer. 1926, 18, 117; cf. E.P. 
610192; G.P. 453184). Mercury may also be 
replaced by Ga-AI alloy in ultra-violet ray 
lamps, the therapeutic effect being further in¬ 
creased by small additions of cadmium, bismuth 
or mercury (G.P. 217951). Other suggested uses 
are in radio valves (U.S.P. 1866195), as a liquid 
seal in strongly heated apparatus which is being 
evacuated (G.P. 662212) and for coating optical 
mirrors. 

Organic gallium salts also exert some curative 
action in experimental syphilis and trypano¬ 
somiasis (Levaditi, Bardet, Tchakirian and 
Vaisman, Compt. rend. 1931, 192, 1142). 

Compounds of Gallium. 

Gallium and Halogens. 

Gallium trifluoride, GaFg. —White powder, 
subliming at 960°, obtained by heating am¬ 
monium gallifluoride, (NH 4 ) 3 GaF 3 , in nitro¬ 
gen or fluorine at 250-400°. It is insoluble in 
water but dissolves in hydrofluoric acid and 
concentration of this solution leads to the 
formation of the crystalline trihydrate, 
GaFgfSHjO, which may also be prepared by 
dissolving the metal or oxide in excess HF. 
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The hydrate is perceptibly soluble in hot water 
and easily dissolves in dilute hydrochloric acid; 
when heated to 140° in vacuo the water of crystal¬ 
lisation is slowly expelled. Extraction of the 
trihydrate with liquid ammonia yields the tri- 
ammoniate GaFg-SNHg; the existence of a 
diammoniate is also indicated (Klemm and 
Kilian, Z. anorg. Chem. 1939, 241, 93). 

White double fluorides of the cryolite type, 
RgGaFg (R—alkali metal or NH^) have l^en 
made by dissolving stoichiometric amounts of 
the necessary fluorides, oxides or carbonates in 
HF and evaporating. The ammonium com¬ 
pound when gently heated forms (NH^gGaF- 
and (NH 4 )GaF 4 while Ga(NH 2 )rj and 
Ga(NH)F are produced at 220° and 400° 
respectively (Pugh, J.C.S. 1937, 1046, 1969; 
Hannebohn and Klemm, Z. anorg. Chem. 1936, 
229, 337; Henkel, Angcw. (-hem. 1934, 47, 
726; Johnson and Parsonfe, J. Amer. Chem. Soc. 
1932, 64, 2588; Aston, Nature, 1923, 112, 449; 
Einecke, “ Das Gallium,” Leipzig, 1937). 

Gallium trichloride, GaCig.—Prepared by 
the action of chlorine or hydrogen chloride on 
the metal or by heating the oxide in carbon 
tetrachloride; if the stream is sufficiently rapid 
gallium may take fire in the halogen, burning 
with a pale blue flame. The chloride is purified 
by fractional distillation, first in air and then 
in vacuo ; colourless needles, m.p. 78°, b.p. 
205°/765 ram. (Klemm and Tilk, Z. anorg. 
Chem. 1932, 207, 161), 201-3° (Fischer and 
Jiibermann, ibid. 1936, 227, 227). Heat of 
formation at 20°= 125 kg.-cal.; density of solid 
df 2-47; of the liquid d 2-063-0 00265(r-78°), 
Vapour density measurements indicate that just 
above the boiling-point the chloride is bimole- 
cular (Ga.CL) while at 440° dissociation into 
simple molecules is complete; at 1,000° decom¬ 
position into GaClg becomes evident. Gallium 
trichloride is very hygroscopic and easily 
hydrolysed; it fumes in damp air and dissolves 
in water with the evolution of heat forming a 
clear solution having an acid reaction and from 
which, on long standing, crystalline oxychlorides 
may be deposited ; one such compound isolated 
by de Boisbaudran had the composition 

Ga,Cl 4 , 12 Hj 0 , 2 Gaj 03 ,Hj 0 . 

The aqueous solution loses hydrochloric acid on 
evaporation and a gel is produced. Unlike 
aluminium chloride, gallium chloride is freely 
soluble in ether and is almost completely ex¬ 
tracted from solutions in 6N-hydrochloric acid 
by this solvent. No derivatives corresponding 
to the gallihexafluorides are known but Kraus 
and Toonder (Proc. Nat. Acad. Sci. 1933, 19, 
298) have obtained NH 4 GaCl 4 by acting on 
trimethylgallium ammine, MegGaNHg, with 
hydrogen chloride. For ammoniates of GaClg, 
aee Klemm, Tilk and Jacobi (Z. anoig. Chem. 
1932, 207, 187). 

Gallium dichlorlde, GaCIg. —Prepared by 
heating gallium with its trichloride at 200° or by 
incomplete chlorination of the metal and distill¬ 
ing the colourless, strongly refracting liquid in 
carbon dioxide. White crystals, m.p. 164°, b.p. 
536°; in common with other gaDium halides it 
exhibits to a marked degree the phenomenon of 
supercooling. The dichloride is deliquescent, the 


crystals dissolving to a colourless solution which, 
on dilution, deposits a brown precipitate possess¬ 
ing reducing properties ; this precipitate slowly 
becomes colourless and dissolves, probably as an 
oxychloride of trivalent gallium. The action of 
water on the dichloride always leads to the 
evolution of a gas, presumably hydrogen, but 
which, from its peculiar odour and action on test 
papers impregnated with silver or lead salts, 
was thought by de Boisbaudran to be a gallium 
hydride. Gallium dichloride does not yield am¬ 
moniates but with liquid ammonia at —78° it 
forms GaClg,3NHg and Ga (de Boisbaudran, 
Compt. rend. 1881, 98, 294, 329; 1882, 95. 18; 
Nilson and Pettorsson, Z. physikal. Chem. 1888, 
2. 657; Dennis and Bridgman, J. Amer. Chem. 
Soc. 1918, 40, 1631 ; Richards ct al., ibid. 
1919, 41, 600; Bowden and O’Connor, Proc. 
Roy. Soc. 1930, A. 128, 317; Klemm and Tilk, 
Z. anorg. Chem. 1932, 207, 161, 177; Fischer 
and Jiibermann, ibid. 1936, 227, 227; Roth 
and Buchner, Z. Elektrochem. 1934, 40, 87). 

Gallium monochloride, GaCI.—Vapour 
density measurements on gallium dichloride 
above 1,(KX)° indicate a certain degree of dis¬ 
sociation into the monochloride w-hile a study of 
the spectra of gallium halides shows the presence 
of band systems resembling those for InCI, 
InBr and In I (Miescher and Wehrli, Helv. 
Phys. Acta, 1933, 6, 458; 1934, 7, 331). 

Gallium tribromide.—Prepared by passing 
nitrogen laden with bromine vapour over the 
metal and purified by sublimation under low 
pressure and at about 100°. Colourless hygro¬ 
scopic needles soluble in a little w'ater to a clear 
solution having an acid reaction; m.p. 121-6° 
(122-6°; 124-5°), b.p. 279°/760 mm.; 3-69, 
diiq. 3-138-0-0029(<—125°) (Fischer and Jiiber- 
mann, l.c.; Klemm et. al., l.c .; Johnson and 
Parsons, J. Physical Chem. 1930, 84, 1210). 

The tribromide forms a number of ammoniates 
of which the hexammine, GaBrg.GNHg, is 
stable in dry air at 18°; in the presence of 
moisture an exchange of NHj for HjO takes 
place. 

Gallium dibromide.—Less volatile than the 
dichloride, it is formed by the action of bromine 
on excess of the metal. 

Gallium triiodide.—At ordinary tempera¬ 
tures iodine acts only slowly on gallium but com¬ 
bination takes place readily on warming. The 
triiodide is best prepared by heating equivalent 
quantities of the elements in an evacuated flask, 
the product being purified by sublimation under 
reduced pressure. It forms pale, lemon-yellow, 
hygroscopic crystals, readily soluble in, and 
hydrolysed by, water, m.p. 212° (213*6°, 210°), 
b.p. 346°; d* 4-16, duq, 3 «M)-00224(«-211°). 

Of its ammoniates the mpnammine melts at 
140° while the hexammine is stable in air at room 
temperature although very sensitive to moisture. 

Gallium dilodide.—Light yellow crystals 
melting to a volatile, easily supercooled, red 
liquid; it is obtained similarly to the other 
dihalides. 

Gallium perchlorate,chlorate,iodate and 
oxyiodate have also been made (Neogi and 
Nandi, J. Indian Chem. Soc. 1937, 14, 492; 
Foster, J. Amer. Chem. Soc. 1939, 61, 3122). ^ 
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Gallium and Oxygen. 

Gallium sesquioxide, GagO^. —When 
strongly heated in air or oxygen gallium bums 
with a violet flame, producing the sesquioxide 
which is usually prepared by thermal decom- 
osition of the salts or by dehydration of the 
ydrate above 900°. The latter retains water 
tenaciously while, moreover, the oxide is 
hygroscopic unless heated to 1 , 200 °; it is then 
insoluble in alkalis and only slowly so in mineral 
acids other than hydrofluoric. The melting- 
point is given as 1,740° by Wartenburg and 
Reich (Z. anorg. Chem. 1932, 207, 1 ) and as being 
above 1,900° by Centola (Amer. Chem. Abstr. 

1936, 80, 4386). Like alumina it exists in several 
modifications; the oxide (a-Ga^Oj) prepared 
at 430° possesses a structure similar to corundum 
and this changes at 625° to which is 

monoclinic or rhombic and is stable up to the 
melting-point; density of a-form 6-44 and of 
/ 3 -form 5*88. Addition of certain oxides such as 
those of Ti, Mn, Pt and Cr induces fluorescence 
or phosphorescence in gallium oxide when it is 
heated in the oxy-hydrogen flame or in a cathode- 
ray furnace (Tiede and Liiders, Ber. 1933, 68 [B], 
1681). 

Gallium oxide is violently reduced to the metal 
on heating with magnesium; reduction also! 
occurs when hydrogen is passed over the red- 
hot oxide although at lower temperatures the j 
suboxide Ga^O is apparently produced. 

Gallium monoxide, GaO.—All attempts to 
reduce the sesquioxide result only in the for¬ 
mation of Ga^O although Klemm and Schnick 
(Z. anorg. Chem. 1936, 226, 353) state that the 
sublimate produced on heating CajO^+Ga in 
vacuo contains some monoxide. See also 
Guernsey (Physical Rev. 1934, [ii], 46, 114) and 
Sen (Indian J. Physics, 1936, 10, 429). 

Gallium suboxide, Ga^O. —Produced as a 
brown powder when the sesquioxide and metal 
are heated together at 700° and purified by sub¬ 
liming in a high vacuum at 500° ; above 800° it 
begins to decompose into GajOj and Ga. The 
oxide is stable in dry air and is only superficially 
oxidised on heating; nitric acid or bromine 
energetically convert it to the tervalent state; 
it reduces cold dilute sulphuric acid to hydrogen 
sulphide (Bnikl and Ortner, Z. anorg. Chem. 
1931, 203, 23). 

Gallium hydroxide or oxy-hydrate, 
Ga(OH )3 or G 3303 , 3 H 2 O.—When a solution 
of a galhc salt is treated with ammonia, alkali 
hydroxide, carbonate or bicarbonate there is 
produced a white gelatinous precipitate the com¬ 
position of which is somewhat doubtful and 
probably varies with the experimental con¬ 
ditions. Havestadt and Fricke (Z. anorg. Chem. 
1930, 188, 357) state that it approximates to 
2G 3303 , 31^30 while Neogi and Nandi (J. 
Indian Chem. Soc. 1936, 18, 399) give 

08303 , 31 - 130 . 

The latter authors state that on drying in vacuo 
the oom^und 08303 , 21-130 is obtained which, 
unlike the freshly precipitated material, is in¬ 
soluble in organic acids. A monohydrate, 
08303 , Hj| 0 , is also known and it is this com¬ 
pound which is obtained when the hydroxide is 
formed slowly or allowed to. age. According to 


Weiser and Milligan (J. Physical Chem. 1938, 
42, 673) rapidly precipitated or un-aged samples 
are merely the hydrous oxide (Goldschmidt et 
al.f Norske Videnskapsakademie Arhandlinger 
Matem-Naturvid, Klasse, Oslo, 1925, 1, No. 7; 
Bohm and Kahan, Z. anorg. Chem. 1938, 288, 
350; Laubengayer and Engle, J. Amer. Chem. 
Soc. 1939, 61 1210 ). Gallium hydroxide is readily 
soluble in acids and alkalis although like alumi¬ 
nium hydroxide it exhibits the phenomenon 
of ageing. For analytical purposes it is best 
precipitated by boiling a slightly acid solution 
with sodium or ammonium sulphite or with 
sodium azide; tartaric and citric acids hinder 
precipitation. The hydroxide manifests almost 
equal basic and acidic properties, the latter being 
more pronounced than in the case of aluminium 
hydroxide. No metallic gallates have been pro¬ 
duced in the wet way although compounds of the 
spinel type have been m^e with beryllium, 
magnesium and zinc, these being obtained by 
heating stoichiometric amounts of the intimately 
mixed oxides at 1,000°. Such metagallates have 
the general formula, MG 8304 , and are white 
crystalline compounds of which the Mg and Zn 
salts are rendered capable of phosphorescence 
by admixture with Mg and Zn metachromites. 

Gallium and Sulphur. 

Gallium sulphides.—The sesquisulphide, 
03383 , is a yellow substance formed by heating 
the metal at 1,200-1,300° in a current of sulphur 
or purified hydrogen sulphide; it melts about 
1,250° and is decomposed by water ; the density 
is 3-48 (3-65). 

Gallium monosulphide, GaS, is produced 
either by reducing the sesquisulphide with 
hydrogen or by heating the elements in the correct 
proportions; when sublimed at 800° it forms 
yellow crystals, m.p. 965°. This bivalent sul¬ 
phide is stable to water, produces hydrogen sul¬ 
phide with acids and burns in bromine. Heated 
in a high vacuum at 700° it gives a readily volatile 
greyish sublimate of the sub-sulphide 0338 , 
which is only slowly attacked by water. It is 
violently oxidised by bromine, while it decom¬ 
poses when heated, producing the sesquioxide 
and the metal (Moser and Brukl, Monatsh. 1928, 
50, 181; 1929, 61, 325; 62, 253; Brukl and 
Ortner, ibid. 1930,66,358; Johnson and Warren, 
Naturwiss. 1930, 18, 666 ; Klemm and von 
Vogel, Z. anorg. Chem. 1934, 219, 45). 

The corresponding selenides and iellurides^ 
with the exception of GajTe, have also been 
made (Klemm and von Vogel, l.c.). 

Gallium sulphates. —White octahedral cry¬ 
stals of 083 ( 804 ) 3 , 161-120 are formed by dis¬ 
solving the oxide or hydroxide in sulphuric acid 
and precipitating with alcohol and ether; the 
sulphate is insoluble in ether but is readily so 
in water or 60% alcohol. The dilute aqueous 
solution deposits a basic sulphate when heated 
but this r^issolves on cooling. Gallium re¬ 
sembles aluminium in that its sulphate readily 
forms “ alums ” of the type 

M 3 SO 4 033 ( 804 ) 3 , 24 H 3 O, 

where M-NH4, K, Rb, Cs and TI. The 
solubilities of the ammonium and caesium double 
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salts are respectively 30-84 and 1-51 g. per 100 
c.c. of solution. The ammonium “ alum ” 
behaves like gallium sulphate when dilute solu¬ 
tions are heated (Soret, Compt. rend. 1884, 99, 
867; 1885, 101, 156; Tchakirian, ibid. 1929, 
189, 251; Dennis and Bridgman, J, Amer. 
Chem. Soc. 1918, 40, 1531; Willard and Fogg, 
ibid. 1937, 69, 1197, 2422). 

Qallium selenate containing 16 and 22 mol. 
HgO and a gaUium csesium selenate with 24 mol. 
HgO are also known (Dennis and Bridgman, 
lx., 1558), 

Galuitm and Nitrogen. 

Gallium nitride, GaN. —When gallium 
interacts with ammonia at 900-1,200° there is 
slowly formed a dark grey nitride, GaN, of 
considerable stabihty; it is unaffected by air, 
water and dilute acids and dissolves only slowly 
in hot concentrated HgSO^ or NaOH. Hydro¬ 
gen does not attack it while with oxygen above 
900° it gradually forms GajOg; it may be 
sublimed above 800° (Johnson, Parsons and 
Crew, J. Physical Chem. 1932,36, 2651; Klemm, 
Jacobi and Tilk, Z. anorg. Chem. 1932, 207, 
187; Lirmann and Schdanov, Acta Physico- 
chim. U.R.S.S. 1937, 5, 306). 

By shaking liquid gallium with active nitrogen 
Tiede and Knoblauch (Ber. 1935, 68 [BJ, 1149) 
obtained a nitride which differed from the above 
in being easily attacked by water, acids and 
alkalis and in losing nitrogen on heating to 150°. 

Gallium nitrate. —A solution of gallium or 
its sesquioxide in nitric acid when concentrated 
and cooled deposits large, clear, hygroscopic 
prisms of Ga (1^03)3,SHjO which, according to 
Dupr 6 (Compt. rend. 1878, 86 , 720), may be 
dehydrated in a current of warm air at 40°. At 
110 ° it begins to decompose, conversion into the 
oxide being complete at 200°, If a solution of 
the nitrate in alcohol is treated with ether there 
is precipitated a white basic salt, 

Ga(0H)2N03,Ga(0H)3,2H20, 

and this, unlike the normal salt, is not hygro¬ 
scopic (PuSin and 2ivadinovi6, Z. anorg. Chem. 
1936, 228, 255). 

Gallium and Phosphorus. 

Gallium phosphide has been obtained by 
passing hydrogen laden with phosphorus over 
the heated metal at 500°; it forms an orange- 
coloured mass; the corresponding arsenide has 
been made similarly. 

Gallium phosphate, GaP04,3H20, is pro¬ 
duced by dissolving freshly precipitated gallium 
hydroxide in dilute phosphoric acid and eva¬ 
porating the solution; with phosphorous and 
hypophosphorous acids only the acid salts, 
GaHa(P 6 g) 2 .HaO and GaH 3 (PO 2 ) 2 , are ob¬ 
tained. In all cases the normal salts may be 
prepared by adding to a solution of gallium 
nitrate one containing the sodium salt of the acid. 
Both gallium phosphite and hypopkosphite are 
deposited as white precipitate of the mono- 
hydrates which are insoluble in water (Neogi 
and Nandi, J. Indian Chem. Soc. 1936, 13, 399; 
1937,14, 492). 


Miscellaneous Comfounds. 

Gallium ferrocyanide, Ga 4 [Fe(CN) 3 l 3 .— 
Obtained as a fine, white precipitate when potas¬ 
sium ferrocyanide is added to a solution of a 
gallium salt. The precipitate is insoluble in 
moderately strong hydrochloric acid but dis¬ 
solves in concentrated alkalis. 

Gallium silicotungstate, 

Ga4H,2[Si(W207)e]3. 

Readily soluble in water it forms three hydrates 
containing respectively 54, 81 and 87 mol. of 
water (Wyrouboff, Bull. Soc. Frany. Min. 1896, 
19, 342). 

Gallium acetate.—A neutral acetate is un¬ 
known, the solution of gallium hydroxide in 
much acetic acid producing only a precipitate of 
the basic salt 4 Ga( 0 Ac) 3 , 2 Ga 203 , 5 H 20 . 
This loses acetic acid above 128° and at 145° 
there is formed GaO(OAc) which passes into 
the oxide at 159° (Tchakirian, Compt. rend. 1929, 
189, 251; Centola, Amer. Chem. Abstr. 1036, 
30, 4386). 

Neutral salts have been obtained with oxali(% 
tartaric, lactic, citric, malic, beiizoitr and 
anthranilic acids (Neogi and Nandi, lx.; Neogi 
and Dutt, J. Indian Chem. Soc. 1938, 16, 83; 

I Levaditi et al., Conqd. rend. 1031, 192, 1142; 
193, 117). 

Oroano-MeTallic Derivatives of Gallium. 

Gallium trimethyl, GaMe 3 . — Formed 
w’hen the vapour of zinc dimethyl acts on gallium 
chloride, first at room temperature and then at 
80-120°, the product being cooled in liquid 
ammonia and isolated as a white solid, m.p. 
— 19°, b.p. 55-7°/762 mm. It is extremely sensi¬ 
tive to oxygen, even the solid burning spontane¬ 
ously in air. 

Methyl magnesium iodide reacts with an 
ethereal solution of gallium trichloride or 
bromide, yielding a trimethyl etherate, 
Me 3 Ga,Et 20 , 

as a volatile liquid less sensitive to air than 
gallium trimethyl; it fumes in air and may 
undergo spontaneous combustion. Water and 
alkalis decompose it with evolution of methane 
(Renwanz, Ber. 1932, 65 [B], 1308). Evapora¬ 
tion of a solution of the etherate in liquid 
ammonia leaves a white residue of gallium tri¬ 
methyl amraine, GaM 63 , NHg, which melts at 
31° and sublimes in vacuo at room tempera¬ 
ture. Comparatively insensitive to oxygen it 
is easily attacked by alkalis liberating methane 
and ammonia. 

Hydrogen chloride reacts with the trimethyl 
ammine in ether liberating galhum trimethyl 
which is then decomposed by the ammonium 
chloride also formed giving gallium dimethyl 
chloride monammine as a White, ether-soluble 
compound, m.p. 54°. 
GaMe3,NH3-bHCI-GaMe8+NH4CI 

-►GaMe2(NH3)Cl+CH4 
Further action of the acid generates gallium 
dimethyl chloride which is also obtainable from 
the trimethyl etherate. A third molecule of 
hydrogen chloride yields gallium methyl di- 
chloride as a white product forming a mono- and 
pent-ammine; continued action of acid removes 
the last methyl group. If excess of hydrogen 
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chloride be allowed to act on GaMe 3 NH 3 
at 160° there is obtained ammonium galli- 
chloride, NH 4 GaCL, which does not sublime 
in vacuo at 200° and which is soluble in water 
without apparent hydrolysis (Kraus and Toon- 
der, Proc. Nat. Acad. Sci. 1933, 19, 292, 298; 
J. Amer. Chem. Soc. 1933, 56, 3547). 

Gallium triethyl. —Viscous, unpleasant¬ 
smelling liquid formed by the interaction of gal¬ 
lium trichloride and mercury diethyl or lithium 
ethyl, m.p. —82*3°, b.p. 142-6°. Its properties 
resemble those of its methyl analogue; an 
ethorate and a monammine are known, the latter 
being only slowly attacked by water yielding 
white, probably diethyl gallium lij^droxide, 
Et2Ga(OH). From this there have been 
derived the corresponding chloride and sulphate 
(Dennis and Patnode, J. Amer. Chem. 8oc. 1932, 
64, 182). 

Gallium triphenyl. —Colourless, needle-like 
crystals, m.p. 166°, prepared by heating the 
metal with mercury diphenyl at 130° in nitrogen 
(Filman and Jones, ibid. 1940, 62, 980). 

Gallium acetylacetone, Ga(C 5 H 702 ).— 
Ammonia added drop by drop, and in slight ex¬ 
cess, to a mixture of gallium nitrate and acetyl¬ 
acetone first produces amorphous gallium 
hydroxide which soon gives place to a crystalline 
precipitate of the acetylacetonate. After re- 
crystallising from acetone or benzene followed 
by sublimation in vacuo it melts at 195°; it is 
almost insoluble in water, cold alcohol and ether 
but easily dissolves in benisene, chloroform or 
acetone. 

Gallium acetylacetone exists in three crystal¬ 
line modifications (a, P and y ); the first is iso- 
morphoua with the a-acetylacctonates of A I, 
Cr--*, Mn'“ and Co-**, the second or )3-form 
with the corresponding scandium and indium 
compounds while y-gallium acetylacetone is 
related to the iron derivative (Morgan and Drew, 
J.C.S. 1921,119,1058; Astbury, Proc. Roy. Soc. 
1926, A, 112, 448). 

G. R. D. 

G ALLOFLAVIN . The mordant dye gaUo- 
flavin and t>ogalloflavin is obtained by the 
limited oxidation of gallic acid in alkaline solu¬ 
tion ; the process of oxidation depends on the 
amount of alkali present. Gaihe acid (50 g.) is 
dissolved in alcohol (875 c.c.) and water (I litre) 
and the solution cooled to between --5° and 
-f5°C. Potassium hydroxide (135 c.c. of 28% 
solution) is then added and a current of air is 
passed through the mixture for 6 hours. The 
sparingly soluble potassium salt of galloflavin 
separates gradually and is collected, dissolved 
in warm water and precipitated with acid (Bohn 
and Graebe, Ber. 1887, 20, 2327; see also G.P. 
37934, 1886 ; Frdl. I, 567). 

When dyed on mordanted wool, galloflavin 
yields with bichromate mordant an olive-yellow, 
with copperas a dark brown, with stannous 
mordant a dull orange, and with copper sulphate 
a brown shade. In practice, chromium mor¬ 
dants only are used, and the shades obtained 
are fast to light, milling, washing, dilute acids 
and alkalis. Galloflavin is used also in calico 
printing on a chrome mordant for greenish- 
yellow. The colour is somewhat sensitive to 
chlorine (Knetch, Kawson and Loewenthal, 


“ Manual of Dyeing,” Griffin & Co., Ltd., 
London, 1910, p. 623). 

Galloflavin crystallises in greenish-yellow 
leaflets which, when heated, blacken without 
melting. It is sparingly soluble in water, 
alcohol or ether, more readily soluble in acetic 
acid or aniline. It dissolves in sulphuric acid 
forming a reddish-yellow solution which, on 
dilution gives a greyish-white precipitate. 

Bohn and Graebe (l.c.) suggested the com¬ 
position CigHgOg for galloflavin and described 
the potassium salt, a yellow crystalline substance 
insoluble in alcohol and cold water; the tetra- 
oce/y/-derivative, colourless needles, m.p. 230° 
(Herzig gives m.p. 230-233°); and the teira- 
chloroacetyl-compoxmd, needles, m.p. 210-212°. 

Subsequently, Herzig (Monatsh. 1910, 81, 799) 
proposed the formula ^12^6^8 for galloflavin. 
On methylation, galloflavin yields the tetramethyl 
ether, colourless needles, m.p. 236-239°, and this, 
when quickly boiled with aqueous potassium 
hydroxide and then treated with concentrated 
hydrochloric acid, is converted into trimethyl- 
imgaUojlavin, CiiH 203 ( 0 Me) 3 *C 00 H, fine 
colourless needles, m.p. 253-256° with evolution 
of gas. The methyl ester of this substance cry¬ 
stallises from alcohol in long needles, m.p. 232- 
234°. 

Trimethylwogalloflavin contains a carboxyl 
group and a lactone ring; it is degraded to 
3;4:5-trimethoxyphthalide by the following 
series of reactions, and Herzig (Annalen, 1920, 
421, 247) thus suggests for Kvogalloflavin the 
structure: 


HO^ 

'^-o 

1 

Ho'x^ 

1 

, ur' 


HO HC^ 


C COOH 


CO 


When distilled, trimethylwogalloflavin (I) is 
decomposed into carbon dioxide and a substance, 
CiiH308(0Me)3 (II), m.p. 130-132°. which 
does not react with diazomethane or acetylating 
agents. On warming with potassium hydroxide 
in aqueous methyl alcohol and then treating 
with hydrochloric acid, (II) is converted by 
fission of the lactone and four-membered rings 
and elimination of formic acid int<o the lactone, 
CioH 503 (OMe )3 (III), m.p. 74-77°, and this, 
by further treatment with alkali, yields 2:3:5- 
trimethyoxyphthalide (lA^) and potassium ace¬ 
tate. 

CO 
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By the action of zinc dust and aqueous potas¬ 
sium hydroxide, *>ogallofla\in gives two acids, 
Ci-HjoOy (V) and (VI), containing 

staole coumarone rings. The dihydroxydicar- 
boxylic acid (V) forms silvery leaflets, m.p. 191- 
194® (decomp.), and is converted by methyl- 
alcoholic hydrogen chloride into the methyl 
ester, CjoH 60(0H).(C00Me)2, m.p. 153- 
156°, which yields the corresponding diacetyl- 
derivative, m.p. 71-73°. With diazomethane, 
(V) gives a tetramethyl compound, m.p. 101-103°, 
and this is hydrolysed to the corresponding di- 
metkoxydicarhoxylic acid, m.p. 200-203°. 



O — C CHMe COOH 
V. 



The dihydroxy monocarboxy lie acid (VI), 
could not be obtained pure owing to the fact that 
it is readily oxidised in solution. With methyl 
sulphate it forms a trimethyl derivative, colour¬ 
less platelets, m.p. 101-103°, which is hydrolysed 
to the corresponding acid, 

CjH 50 ( 0 Me) 2 C 00 H, 

m.p. 185-188°. By treatment with methyl- 
alcoholic hydrogen chloride, the acid (VI) yields 
the methyl eater, m.p. 184-190° (very difficult to 
purify), the dioce/yZ-derivative of which melts 
at 109-112°. 

The action of zinc dust and aqueous potas¬ 
sium hydroxide on galloflavin proceeds in the 
same manner, but the yields of the reaction 
products are much smaller. 

With acetic anhydride and sodium acetate, 
isogalloflavin yields the normal triacetyl- 
compound; if zinc dust is added, however, a 
further acetyl-group enters, probably by dis¬ 
placement of the carboxyl group, giving rise to 
the compound CuH20,(C0Me)4, 

(VII ?), m.p. 203-206° (decomp.) after becoming 
discoloured from about 180°. Similarly, tri- 
methyli^ogalloflavin yields aceiyltrimethylieo- 
galloflavin, long, colourless needles, m.p. 138- 
140°. The methyl esters of trimethyl- and 
triacetyl-isogalloflavin are, however, unaflTected 
by this treatment, and it thus appears that the 
presence of a free carboxyl group is an essential 
condition of the reaction. On the other hand, 
since the action only occurs in the presence of 
zinc dust, it is possible that the carbonyl group 
adjacent to the carboxyl radical is reduced, and 
the secondary alcoholic group is then 
aoetylated. If such is the case, then the struc¬ 
ture of the tetra-acetyl compound is represented 
by formula (VIII). 




The presence of a carboxyl group in iso- 
galloflavin is proved by its conversion by methyl- 
alcoholic hydrogen chloride into the methyl 
ester, m.p. 300-305° after previous darkening; 
under similar conditions, galloflavin is un¬ 
affected. 

For galloflavin Herzig suggests formula (IX) 
or the keto formula corresponding to this enol 
form. The conversion of galloflavin into iso- 
galloflavin appears to proceed via the inter¬ 
mediate product (X) which passes, by loss of 
water, into wogalloflavin. 
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A. G. P. and E. J. C. 

GALLOGEN, GALLOL v. Gallic Acid. 
GALLOTANNIC ACID, w-digallic acid, 



is obtained from tannin by repeated treatment 
with chloroformic ester and pyridine in an 
atmosphere of hydrogen (Nierenstein, Ber. 1910, 
43, 630). It crystaluses from aqueous alcohol 
in needles, m.p. 268-270°. 

GALLS. The generic term of galls includes 
the largo variety of excrescences and other 
abnormal growths (cecidia, galls, cancers, hyper¬ 
trophies, etc.) which are produced upon plants 
and animals and are caused by plant, animal 
and chemical irritants. The abnormal growths 
on plants are caused by insects, nematodes, 
fungi, slime moulds, bacteria and chemical and 
me^anical irritants. Similar growths have also 
been formed in plant hybrids by internal causes 
(Rostov, Protoplasma, 1933, 20, 440). 



GALLS. 
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I. Plant Galls caused by Insects. 

These galls wore the first to attract attention 
and have been regarded as of great importance 
in all histories of drugs and of the arts of tanning 
and dyeing, and even to-day are among the 
most valued ingredients of some black inks. | 
They are first mentioned, chiefly as medicines, 1 
in the literature of the old physicians and 
naturalists of Greece and Rome, the Aleppo 
gall and the bedeguar of the rose both being 
mentioned. Pliny was the first to recommend 
papyrus treated with gall-nuts for the detection 
of iron in verdigris. The first work of import¬ 
ance is Malpighi’s “De Gallis,” published in 1686, 
in which is advanced the theory, long since 
disproved, that the excitation was due to a 
poison secreted by the mother insect. Much 
literature on plant galls has since accumulated. 

Source. —The insects capable of producing 
plant galls are principally species of Cynipa and 
Aphis. The true oak-apple, bedeguar of jthe 
rose, the oak-gall, oak-spangles, etc., are all 
varieties of galls produced by insects. The 
nature of galls varies considerably, according to 
the exciting cause and the plant affected, but 
the official galls may be regarded as meta¬ 
morphosed shoots, the metamorphosis being 
induced by the gall-wasp. The official drug 
Qalla B.P. is the variety of gall produced by the 
wasp Cynips gaUse tinctorioe Olivier, of which 
only the female is known, reproduction taking 
place parthenogenetically. By means of her 
ovipositor the wasp deposits an egg between the 


rudimentary leaves near the growing point of 
young shoots of the scrubby oaks belonging to 
the species Q'mrcus infectoria Olivier (dyer’s 
oak), a small tree indigenous to Asia Minor and 
Persia. The larva emerging from the egg wounds 
the delicate tissue with its mandibles and simul¬ 
taneously introduces a secretion which stimu¬ 
lates rapid formation of tissue. 

The now tissue thus developed assumes a con¬ 
centric arrangement in which the larva lives, 
feeding on the starch produced by the cells. 
When mature the larva passes into the pupa 
stage, from which the wasp emerges and escapes 
by boring through the gall with its mandibles. 
No development of tissue takes place until a 
glandular secretion passes from the mandibles 
of the larva into the surrounding tissue which is 
always merismatic in nature. This formation 
of tissue continues as long as the exciting sub¬ 
stance is supplied, but ceases should the larva 
perish. Galls should be collected preferably 
before the insect escapes; after this has 
happened they become lighter in weight and 
are less esteemed. 

It is suggested that the inter-relationship 
between the gall producer and the plant is 
parasitic, the initial action of the larva being 
counteracted by tannin production on the part 
of the plant. The gaU-larva itself produces 
tannase, which hydrolyses the tannin produced 
by the plant. The interac tion of the tannase and 
also of other enzymes produced by the larva, with 
tannin and its decomposition products, is shown 
below (M. Nierenstein, Nature, 1930,125, 348); 


Plant. 
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Description. —The galls produced on Quercus 
infectorm Olivier, known commercially os 
Aleppo or Turkey galls, are nearly spherical in 
shape and vary from 12 to 25 mm. in dia¬ 
meter* The half near the stalk usually has a 
smooth surface, often inclined to be glossy, 
whereas the distal half is raised into lumps 
which are often conical in shape. They are 
hard and heavy and of a bluish-green or ohve- 
green colour externally, yellowish or brownish- 
white within. There is usually a small cavity 
in the centre in which the remains of the larva 
or of the gall wasp may be found. They have 
no odour but an intensely astringent taste, 
followed by a slight sweetness. Below the 
epidermis is a parenchymatous tissue differenti¬ 
ated into three layers. The cells of the outer 


layer have thick walls and contain fragments of 
taimin ; those of the middle layer have thinner 
walls and exhibit intercellular spaces, and also 
contain tannin. The cells of the inner layer 
have thin walls, are axially elongated and firmly 
adherent to one another; they contain tannin 
and cluster-crystals of calcium oxalate. This 
tissue passes into a ring of irregularly pitted, 
sclerenchymatous cells containing small rounded 
starch grains with stellate hilum. The powder 
is well characterised by the abundance of tannin, 
sclerenchymatous cells and characteristic starch 
grains. 

Constituents. —The principal constituent 
I of plant gaUs is tannic acid which, to dis¬ 
tinguish it from other varieties of tannic 
I acid, is termed gallolannic acid. A typical 
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analysis of the Aleppo gall is given by 
Guibourt: 

Per cent. 


Tannic acid.65 

Gallic acid.2 

EUagic acid . 1 2 

Lutw-gallic acid J • 

Woody fibre.10-5 

Chlorophyll and volatile oil . 0*7 

Brown extractive matter . . 2-5 

Gum.2*5 

Starch.2 

Moisture.11*5 

Sugar, albumen, KjSO^, potas¬ 
sium gallate, calcium gallate, 
oxalate and phosphate . . 1-3 


The red colour of oak galls is usually ascribed 
to the presence of anthocyanins. Dryophantin, 
^23 is the cause of the red colour in the 

red pea gall and is not allied to either the 
flavones or the anthocyanins, but consists of 
purpurogallin and 2 mol. of glucose. It sinters 
at 216° and has m.p. 219-220°. Incidently this 
is the first instance of purpurogallin found in 
nature (M. Nierenstein, J.C.S. 1919, 115, 1328). 

Vabieties. —European and Near East .—The 
best galls come from Syria and are known as 
Aleppo galls (Turkey or I^evant galls), gall nuts 
or galls of commerce. They are the galls formed 
by Cynipa galloe iinctorice Olivier on Quercua 
mgilopSt Q. infectoria^ Q. peduncvlalay and pos¬ 
sibly Q. humilia. Those gathered earliest, namely 
in August or September, are of the highest 
quality, and are at first green but subsequently 
become darker and harder; those gathered 
somewhat later, when the gall-wasp has 
emerged, are pale yellowish-brown, and arc 
known as “ white ” galls. These are rather 
larger than dark galls, are lighter in weight, and 
are considered to contain less gallotannic acid, 
an opinion which is not always confirmed by 
analysis. Galls allowed to hang until winter 
become pale reddish-brown. Three qualities of 
Levant galls may be distinguished: (i) Aleppo 
galls, small (2-5 cm. diameter), dark green to 
black in colour; (ii) lighter-coloured galls pre¬ 
senting the appearance of having been powdered ! 
on the surface; (iii) Smyrna galls, larger (3-5 j 
cm. diameter), usually yellowish in tint. The 
dark-hued galls sink in w'ater whereas the inferior 
lighter tinted galls (even when dyed to imitate 
the former) float. 

Galls of a similar type are obtained in Southern 
Europe from the scrubby oaks {Quercua aeaaili- 
flora and Q, pvheacena, English galls are smooth 
and globular and, having been gathered late, 
after the emergence of the gall-wasp, are usually 
pale brown in colour and perforated by the exit- 
hole gnawed by the insect. They are much less 
active than the Aleppo galls, containing only 
.15-20% gallotannic acid. The galls of Cynipa 
koUari Hartig, the so-called marble galls or oak- 
apples, are produced on several species of 
Quercua in Southern Europe, North Africa and 
Asia Minor, and the gall-wasp also occurs in 
England where it is widely distributed. The 
galls of Cynipa calicia Burgsdorff, known in 
Gemany as Knoppem, are formed on Quercua 
mgihpa, Q. pedunctdata, and occasionally oii Q, 


pubeacena and Q. seaailijlora. They are 15-20 
mm. long and 18-25 mm. broad, dark brown to 
black in colour and almost woody. They occur 
in Austria, Hungary, Slavonia, Serbia, Greece 
and Asia Minor. Their maximum yield of 
tannin is 50%. 

The bedeguar, or mossy rose gall, is produced 
by Ehoditea roam Linnaeus on several species of 
the genus Eoaa. It occurs naturally in Europe 
and West Africa and has been introduced into 
America. 

American galls .—Galls found on Quercua 
virens closely resemble the Aleppo gall, con¬ 
taining 40% tannin (Trimble, Amor. J. Pharm. 
1890, 72, 563). Their maker has been identified 
by S. A. Rohwer as Diaholcaspia cineroaa. The 
gall occurring in America on Ithua glaljra differs 
from all those mentioned above, and is similar 
to the Chinese gaU mentioned below, in being 
produced by an aphid instead of a gall-wasp. 
The insect concerned in its formation is identified 
as Melaphia rkois Fitch. 

Japanese and Chinese galls are produced by 
Aphis ainenaia Bell on Rhva aemialaia. They are 
of a very irregularly lobed shape, reddish-brown 
in colour, and covered with a thick grey velvety 
down. They are largely used in the manufacture 
of gallotannic acid of which they contain about 
70%. 

II. Plant Gails caused by Bacteria. 

Galls caused by bacteria show considerable 
variation and may be divided into three groups : 

(а) Those in which the bacteria occupy small 
pockets and stimulate the surrounding cells, 
e.g. Olive root. 

(б) Those in which the bacteria are within the 
cells, e.g. bacteria forming legume nodules. 

(c) Those of the crown-gall type. 

A marked difference between some of the 
bacterial galls and galls due to other causes is 
the presence of tumor strands in the crown gall. 
Crown-galls have received much attention in 
recent years because they show a cytological 
similarity to animal and human cancer. This 
is especially true of galls formed by Bacterium 
tumefaciens and Phytomonaa tumefaciena. Tumors 
produced by B. tumefaciens have been found to 
be similar in structure to those formed by in¬ 
jection of various chemicals into the intemodal 
cavities of R-icinus. The action of chemicals in 
producing tumors is paralleled by their abiUty 
to cause precipitation in tissue experiments 
(Rostov and Kendall, Arch. Mikrobiol. 1933, 4 , 
487). Vitamin C has been shown to increase 
the size of tumors produced on tomato plants 
by P. tumefaciena (Havas, Amer. Chem. Abstr. 
1936, 80, 1850). Growth substances obtained 
from P. tumefaciena produce effects similar to 
those of heteroauxin in the bean hypocotyl. 
These growth substances give the characteristic 
test of j8-indolylacetic acid indicating that this 
substance, or a closely related indole oomponnd, 
is the heteroauxone produced by Phytomonaa 
tumefaciena (Link and Wilcox, Science, 1937, 86, 
126). Plant tumors contain a higher o^anio 
nitrogen content than the healthy tissues. 
Pathogenic and nonpathogenic sister-cell cul¬ 
tures of the crown gall of tomatoes grown above 
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and below the critical temperature showed no 
significant difierences as regards reduction of 
nitrates, fermentation of sugars and related sub¬ 
stances, COj production, cataphoretic velocity, 
osmotic pressure and oxidation-reduction 
potential induced. The gall tissue showed more 
ash, alkalinity, total N, oxidising enzymes and 
respiratory activity but less cellulose, starch, 
pentoses and reducing sugars than the contiguous 
healthy tissue (Riker, Kept. 3rd Intern, fbngr. 
Oomp. Path. 1936, 1, 2, 107). 

111. Plant Galls caused by Fungi. 

Fungi are the causes of many abnormal 
growths such as cedar apples, peridermial 
growths on conifers, witches’ brooms and other 
hyperplasias of various types. The most com¬ 
mon cases are the cedar-apple rust fungi. Their 
structures have received little attention. 

Slime moulds are the causes of some abnormal 
growths. For example, the “ club root ’’disease 
of cru(*iferous plants caused by Plus mod iophora 
hrassicoe. 

IV. Plant Galls caused by Chemical 
Substances. 

After successfully producing abnormalities 
by the use of a number of chemical substances, j 
Smith in 1917 came to the conclusion that any 
soluble substance whatever, except a killing, a 
plasmolytic or an oxygen-absorbing substance, 
if continually liberated locally in excess in tissues 
would be competent to induce tumor formation. 
Recently many experiments have been carried 
out with 8U(!h compounds /3-indolylacetic 
acid, ^-indolylpropionic acid, a-napthylacetic 
acid, etc., for comparison with the galls pro-1 
dueed by an extraction of P. tumefaciens and 
other bacteria (Brown and Gardner, Phytopath. 
1936, 26,-708; 1937, 27, 1110; Solacolu and 
(bnstantinesco, Compt. rend. 1937, 204, 290; 
1938, 206, 1985). 

GALUTOLIN. A flavone glycoside, which on 
hydrolysis yields glucose and liiteolin (6:7:3':4'- 
tctrahy droxyflavone). 

GALVANISED IRON. Iron coated with 
a protective layer of zinc. The layer is deposited 
by (a) electrogalvanising, {b) dry galvanising, or 
(c) galvanising with molten zinc. The last is 
the most widdy applied process and is used for 
the protection of wire, wire netting, corru¬ 
gated iron and other forms of sheet iron. 

(a) Electrogalvanising (v. Vol. IV, 267d). 

(b) “ Sherardizing ” consists in heating the 
articles to be plated in closed boxes and covered 
with zinc dust containing about 10% oxide and 
3% carbon. The temperature is kept below the 
fusion point of zinc and the vapour slowly 
deposits a dull coating which, however, wears 
satisfactorily (Cowper-Coles, B.P. 9927, 1901), 

(c) In the true galvanising process the iron 
is tot pickled in 12-20% hydrochloric acid 

scale removed by washing with water and, 
if necessary, sand. It is then immersed in molten 
zinc covered with ammonium chloride which 
acts as a flux. On emerging from the zinc bath 
the sheet metal is usu^y treated with rolls 
or wire brushes to improve the surface. In 
work of better quality tin is added to the molten 
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metal, often in the form of lead solder, to impart 
a pleasing spangle to the finished surface. 

- GALVENE {V. Vol. Ill, 77a). 

GAM BIER {V. Vol. II, 4336). 

GAMBOGE. This gum resin, more 
properly, but never, termed Gamboge, is the pro¬ 
duct of Onrcinia Hanburyi Hook F, (Fam. 
Guttiferae), a tree found in Siam, Cambodia and 
the southern part of Cochin C/hina, Bamboo 
stems are attached to in<i8ions in the trees, and 
the milky exudation thus collected dries and 
yields the gum-resin in the familiar pipe form. 
It is used to a small extent in medicine as a 
purgative and also to lower blood pressure in 
cases of cerebral congestion. It has a fine yellow 
to orange colour and is the basis of many yellow 
water-colour pigments; it was knowm to the 
Chinese as early as the 13th century. 

Gamboge contains from 70 to 80% of resin, 
15 to 25% of gum and small amounts of organic 
d(‘bris. I’he commercial article has the follow¬ 
ing characters : 

Acid value.05-90 

Ester value.45-65 

SajJoniOcafiun value . . 125-145 

Ash.Under 1% 

Moisture.^“5% 

The resin, extrac ted by alcohol, should have an 
acid value 85-105, ester value 55-75 and 
saponification value 150-175. 

E J P 

GAMBUFOGENIN {v. Vol. II, 3886). * 

GAMBUFOTOXIN (^^ Vol. II, 3886). 

“ GANDKAKI ” {v. Vol. I, 499a). 

' GANISTER. A local name of unknown 
origin for a hard siliceous sandstone occurring 
in the Coal-measures of the north of England. 
Formerly it was employed as a road-stone, but 
now is much used for making refractory ganister- 
or silica-bricks and for the linings of steel fur¬ 
naces and converters. The name has been also 
loosely applied to other siliceous materials used 
for making fire-bricks. In the typical locality, 
namely in the neighbourhood of Sheffield, the 
rock occurs beneath thin seams of coal at a 
definite horizon—the Ganister group—^in the 
lower Coal-measures. The best bed, lying 
immediately beneath the Hard Mine coal, 
varies in thickness from a few inches to 5J ft., 
with an average of 2J ft. Here it is a hard 
compact rock with a very fine and even-grained 
texture, and consists of sub-angular grains of 
quartz, mostly 0T5-0'5 mm. across, closely 
packed together and cemented with secondary 
silica. No appreciable amounts of mica, felspar 
or carbonates are present. The rock thus has 
the character of a quartzite. It is light to dark 
grey in colour, and is often iron-stained along 
the joint surfaces. It breaks with a splintery 
to sub-conchoidal fracture with sharp edges. 
Carbonaceous patches and streaks and fossil 
tree-roots are embedded in the rock. It con¬ 
sists of 90-96% of silica with small amounts 
of alumina, iron oxides, lime and alkalis. 
Sp.gr. 2*69. Silica rocks of very much the 
same nature are widely distributed in most of 
the coal-fields of England, Wales and Scotland; 
e,g, the Dinas rock (or “ clay ”) from the Vale of 
Neath in Glamorganshire, which contains as 
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much as 98% of silica. They pass insensibly, 
both laterally and vertically, into siliceous fire¬ 
clays (“ bastard ganister ”). The rock is won 
by quarrying or underground mining, and is 
crushed, ground and mixed with lime (1-1 J%) 
or fire-clay to act as a binder. This mixture is 
moulded into bricks, which, after drying, are 
fired at about 1500°, or it is applied directly as 
a furnace lining, or used for setting the bricks 
and patching and repairing furnaces. Ganister 
is also ground to a fine sand for use in casting 
iron and brass. (See Mineral Resources of Great 
Britain, Mem. Geol. Survey, 1918, 6 (2nd ed., 
1920); and 1920,16; A. B. Searle, “ Refractory 
Materials,” 3rd ed., London, 1940.) 

L. J. S. 

“ GARANCINE " (v. Vol. II, 524d). 

GARBAGE FATS. Under the name “gar¬ 
bage fats,” or “ garbage grease ” may be com¬ 
prised all the fats recovered from household 
and similar domestic refuse. (In the United 
States, hotel and restaurant wastes are usually 
disposed of separately and worked up for “ house | 
grease” or “kitchen grease.”) Such refuse is 
generally collected by the municipal authorities 
and disposed of as soon as possible by consuming 
it in specially designed destructors. The method 
is simple, although theoretically wasteful, since 
the fat and other possible feeding materials are 
destroyed with all the putrescible matter. 

The utilisation of domestic and hotel food- 
refuse as pig-feed has been practised as a war¬ 
time measure in many European countries: it 
was adopted for a time as a regular means for the 
large-scale disposal of garbage by certain Ameri¬ 
can cities, but was abandoned on account of the 
difficulties involved in the collection and trans¬ 
port of the fresh garbage, and also because the 
quality of the pork and lard obtained from hogs 
so fed was not suitable for the requirements of 
the American packing industry. 

However, efforts have not been lacking to 
recover the considerable fat content of garbage, 
and in the United States especially, methods 
for the rational disposal of this material have 
been developed. 

An early process (worked in Buffalo about 
1885) consisted in extracting the garbage with 
petroleum spirit, and a solvent plant was still 
in use in Chicago in 1929, although Zapoleon 
writes that “ the city of Chicago is about to 
abandon (municipal) reduction and turn to 
incineration ” (Zapoleon, “ Inedible Animal Fats 
in the United States,” Fats and Oils Studies, 
Stanford Univ., No. 3, 1929). 

Solvent extraction, however, has largely been 
superseded by cheaper processes, comprised 
under the term “ reduction processes,” which 
are similar to the methods used in the rendering 
of bone grease, slaughterhouse greases and 
inedible fats generally, and consist in boiling 
the garbage with steam under moderate pressure. 
After the boiling, the mass is allowed to settle, 
and the grease in the top layer is collected. 
(The Indianapolis system of garbage collection 
and steam-rendering is described in detail by 
Zapoleon, op. cit. pp. 224-^226). The grease is 
sold for the manufacture of low-class soaps and 
lubricants. It has a dark brown colour^ and is 
characterised by the presence of a large amount 


of free fatty acids and unsaponifiable matter. 
Not infrequently it develops an unpleasant 
odour when kept. 

Data collected by Zapoleon show that the 
eighteen large cities in tlie United States which 
operated reduction plant processed rather more 
than a million tons of raw “ green ” garbage in 
the year 1928, the total production of garbage 
grease being estimated at about 22,300 tons. 

GARDENIA GRANDIFLORA. The 

fruit of the Gardenia grandifiora L., known as 
“ Wongsky,” is or was employed in China for 
dyeing yellow% as an assistant for the production 
of green colours, and in conjunction with 
safflower. 

Rochleder and Mayer (J. pr. Chem. 1858, [i], 
74, 1) isolated from it pectin, the rubichloric 
acid (chlorogenin) which is present in madder 
(Rochleder, Annalen, 1861, 80, 321), tannin and 
a red amorphous colouring matter apparently 
identical wdth the .crocin of saffron (Crocus 
aaiivus). By hydrolysing the colouring matter, 
Kuhn, Winterstein and Wiegand (Helv. Chim. 
Acta, 1928, 11, 716) obtained crocetin, identical 
with the product isolated from saffron. 

Bancroft, “Philosophy of Permanent Colours,” 
London, 1813, p. 285, mentions the ,use of 
the Gardenia florida L. by the Chinese for the 
dyeing of scarlet under the name of “ unki.” 
From the fruit of this plant, which some botanists 
believe to be the same as, or at least very similar 
to, G. grandifiora^ Munesada (J. Pharm. Soc. 
Japan, 1922, No. 486, 666) isolated the colouring 
matter by extraction with water. Hydrolysis 
with acid yielded an amorphous powder which 
was shown to be identical with crocetin. 

The Decatnalee or Dekamali gum, which is 
obtained in India from the Gardenia lucida^ con¬ 
tains, according to Stenhouse and Groves 
(Annalen, 1880, 200, 311), gardenin, 
deep yellow crystals, m.p. 163-164 , insoluble in 
water and alkaline solutions. Addition of nitric 
acid to a hot solution of the colouring matter in 
acetic acid yields gardenic octd, Ci 4 Hjq 05 , deep 
crimson needles, m.p. c. 223° (decomp.), the 
diacetyl-denvAtiye of which forms bright orange- 
red needles darkening at 230° and melting at 
about 224°. Gardenic acid is converted by 
means of sulphurous acid into hydrogardenic 
acidf Ci 4 Hi 40 g, lustrous needles, m.p. 190°. 

It is improbable that gardenic acid is a car¬ 
boxylic acid, as was at first assumed; its 
behaviour with reducing agents and with alkaline 
solutions points rather to a quinone grouping. 

A. G. P. and E. J. C. 

G ARC ININ (this Vol., p. 380a). 

GARCINOL (this Vol., p. 3806, c). 

« CARDEN AL ” (v. Vol. I, 623a). 

GARDENIC ACID v. Gabosnia Gbandi- 

FLOEA. 

GARDEN I N v. Gabdbnia Gbandifloba. 

GARDEN lOL. The perfume known as gar- 
deniol is phenylmethylcarbinyl acetate, 

PhMeCHOAc. 

It occurs naturally in gardenia oil, and is pre¬ 
pared artificially and used in fine floral perfumes. 

Phenylmethylcarbinol is also known as 
tt-phenylethylalcohol. 
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The alcohol has the following characters: 
m.p. 20*9® ; b.p. 204-207® ; sp.gr. 1018 at 15-5®; 
rotation ±0®; ref. ind. 1-5273 at 20°. The 
acetate has b.p. 218°; sp.gr. 1-069 at 15-5°; 
and ref. ind. 1-5048 at 20®. 

E. J. P. 

GARLIC .—Allium sativum,. A plant grown 
largely in Mediterranean countries. The onion- 
like bulb forms the well-known condiment. A. 
8Corodopra»um (or rocamboll), a related species, 
grows wild in certain parts of Europe and also 
in the east. A. vineale^ a smaller wild species, 
often occurs in pastures and if eaten by cows 
may contribute its characteristic odour to milk. 
Konig records the analysis of A. sativum bulb 
as: water 64-6, protein 6 - 8 , fat 0-1, carbohydrates 
26-3, fibre 0-8 and ash 1-4%. A later analysis 
(Agcaoili, Philippine J. 8 ci. 1916, 11, 91) 
showed water 88 , protein 2-2, fat 0-32, N-free 
extractives 7-27, fibre 1-17 and ash 1-03%. 
The odoriferous principle of garlic is an essential 
oil (approx. 0 - 2 %) which according to Semmler 
(Arch. Pharm. 1892, 280, 434) consists of allyl 
disulphide 60%, a trisulphide 

CaHj-S-S-S-CaH^ 


20 % with smaller proportions of allyl propyl 
disulphide. Other workers record the presence 
of allyl jsothiocyanate. Braecke (Mem. Acad, 
roy. Beige, classo sci. 1921, [ii], 6, No. 6 , 1) has 
isolated a sulphur-containing glycoside, hydro¬ 
lysed enzymically to fructose and a volatile oil. 
K. Daigo (J. Chosen Med. Assoc. 1935, 25, 
439) in an examination of A . scorodoprasum also 
reports the occurrence of a glucoside alliumm 
yielding glucose and magnesium allyl sulphide 
and attributes the odour of the bulbs to an 
essential oil derived from the breakdown of the 
glucoside. Chevastelon (J. Pharm. Ohim. 1895, 
[vi], 2, 83) obtained inulin from garlic bulbs, it 
showed a specific rotation of —39°, was hydro¬ 
lysed by acid and by mutase (from Aspergillus 
niger) to laevulose, but was unacted upon by 
yeasts or amylase. A fructan scorodose, hydro¬ 
lysed largely to laevulose, has been isolated 
from A. scorodoprasum by Y. Kihara (J. Agric, 
Chem. Soc. Japan, 1935,11, 548). 

A, G. Po. 

GARLIC, ESSENTIAL OIL OF v. 

Gabuo. 

GARNET (Ger. Oranai; Fr. Clrenat). A 
group of minerals differing widely in chemical 
composition, but aU conforming to the general 
orthosilicate formula Ra'^Rg'''( 8104 ) 3 , where 
R'"«Ca, Fe, Mg, Mn; and R'^'-AI, Fe, Cr, 
or rarely Ti. The following principal types may 
be distinguished: 


Calcium -iron-gamet 
Calcium- chromium-garnet 
Calcium-aluminium-garnet 
Iron-aluminium-gamet 
Magnesium-aluminium-garnet 
Manganese-aluminium-gamet 


CaaFejSigOj2 
Andradite 
CajCrjSljOij 
Uvarovite 
Ca,AI,Si,Oi, 
Grossular 
F 63Al2Si30^2 
Almandine 

Pyrope 

IVInaAI^SIaOi, 

SpeSBartine 


Only exceptionally is the composition of actual 
garnet crystals as represented above. As a rule, 
several, or even all, of these compounds enter 
into isomorphous mixtures ; and whilst there is 
generally a preponderance of one or other of 
them, this is not always the case. All the mem¬ 
bers of the group crystallise in the cubic system, 
usually with the form of the rhombic dodeca¬ 
hedron or the icositetrahedron, or a combination 
of these. The crystals are often rounded or 
granular in form. There is no cleavage, and the 
lustre often inclines to resinous in character. 
Corresponding with the wide range in chemical 
composition, these minerals exhibit a wide range 
in colour (yellow-, brown, red, green, black, rarely 
colourless, but not blue), transparency, sp.gr. 
(3-15-4-3), hardness (6^-7^), and mode of occur¬ 
rence. They occur as primary constituents of 
igneous rocks; in gneisses, schists and crystal¬ 
line limestones; in veins and encrusting the walls 
of crevices in rocks. Granular rocks composed 
wholly of garnet are also known. 

The chief application of garnet is as a gem^ 
stone, of which there are several beautiful 
varieties. Hessonitey or cinnamon-stone, is a 
variety of calcium-aluminium-garnet, contain¬ 
ing small amounts of ferrous and manganous 
oxides; its colour is a warm yellowish-red. 
Almandine is deep red, often with a violet tinge. 
Pyrope (Bohemian garnet, “Cape ruby”) is a 
fiery red. Rhodolite^ a variety midway between 
I almandine and pyrope in composition, is remark¬ 
able for its delicate rhododendron-red colour. 
Dewantoid is a calcium-iron-garnet of a rich 
emerald-green colour and with a brilliant lustre 
and a dispersion of the refractive indices even 
! higher than in diamond. 

I Garnet is also used as an abrasive agent, 

I mainly in the form of sand, for sawing and 
grinding stone and for making garnet-paper 
(often sold as “ emery-paper ’’). Owing, however, 
to its low er degree of hardness, it is of less value 
than corundum and emery. Practically the 
w^hole of the massive garnet used for this 
purpose is mined in the eastern United States, 
principally New York, but also Connecticut, 
Pennsylvania and North Carolina. The output 
amounts to about 5000 tons per annum, valued 
at about £6 per ton. In the garnet-mining dis¬ 
trict of the Mittelgebirge in northern Bohemia, 
the small material, left after picking out the 
stones suitable for cutting as gems, is used for 
gravelling garden walks. 

L. J. S. 

GARNIERITE. A hydrated silicate of 
magnesium and nickel, of importance as an ore 
of nickel. It is soft and earthy, greasy to the 
touch, and usually of a bright apple-green 
colour; sp.gr. 2-3-2-8. The composition is 
variable (SIOj 35-52, MgO 2-37, NiO 2-50, 
HjO 10 - 20 %), and the material is probably 
a mixture. It may be regarded as a hydrated 
magnesium silicate, allied to serpentine, in 
which variable proportions of magnesium are 
replaced by nickel. The darker green varieties 
are sometimes distinguished by the name 
Tioumeite (from Noumea in New Caledonia), the 
name gamierite (after Jules Gamier, the dis¬ 
coverer of the New Caledonian nickel ores) being 
reBerved- for the Kghter-colonred varieties. A 
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chocolate-coloured variety, containing iron, has 
been called chocolite (J. Garland, Nickel Mining 
in New Caledonia, Trans. Inst. Mining and 
MetaJl. 1894, 2, 128, 224). Nepouite^ from 
Nepoui, New Caledonia (E. Glasser, Compt. 
rend. 1906, 143, 1173), is a finely crystalline 
variety for which the formula is given as 
3 (Ni,Mg)0.2Si02.2H20, the amount of nickel 
oxide ranging from 18 to 50%. 

These minerals occur in veins traversing 
serpentine rocks in the neighbourhood of 
Noumea, or Numca, the capital of New Cale¬ 
donia ; and, like the serpentine, they have been 
produced by the alteration of peridotite rocks, 
the olivine of which contains traces of nickel. 
Over 100,000 tons of those nickel ores are ex¬ 
ported annually from New Caledonia. 

Large deposits, forming beds 10 metres in 
thickness, of the same type of ores occur, also 
in connection with serpentines and olivine rocks, 
at Riddles, in Douglas Co., Oregon. The nickel 
mineral from this locality is sometimes referred 
to genthite, 2Ni0.2Mg0.3Si02-6H20. Other 
similar occurrences are met with and to some 
extent mined at Webster in North Carolina, at 
Texas in Lancaster Co., Pennsylvania (gen- 
thite), at Revda in the Urals {revdanskile), 
and near Frankenstein in Prussian Silesia 
{pimelitet alipite^ etc.). 

On the New Caledonian ores, see A. Liver- 
sidge, “ The Minerals of New South Wales,” etc. 
1888, 275; F. D. Power, Trans. Inst. Min. Met. 
1900, 8, 426, with bibliography; E. Glasser, 
Ann. Mines, Paris, 1903, [x], 4, 363. 

L. J. S. 

GAS, AIR. Air-gas or carburetted air is 
made by charging air with the vapour of a liquid 
hydrocarbon. The possibility of employing air- 
gas for heating and lighting purposes was 
realised early in the nineteenth century. The | 
difficulties and drawbacks which were associated I 
with its use, and which hindered its develop¬ 
ment, did not disappear until technological 
advances had been made in other fields. The 
most important of these developments were the 
invention of the incandescent mantle and the 
availability of low-boiling hydrocarbons conse¬ 
quent upon the development of the American 
petroleum industry. 

Air-gas is generally manufactured where coal- 
gas is not available and with the general growth 
in gas and electricity services has come a 
lessened need for it. Furthermore, in its own 
sphere of application it has now to compete with 
“ bottled gas ” obtained from natural sources or 
by petroleum cracking, and with electricity made 
by petrol-driven generators. Consequently air- 
gas is to-day but little used. 

An air-gas plant comprises a generator, a gas 
holder with the necessary distributing pipes and 
burners. 

At the generator, an air stream is produced by 
a pump or fan, suitably driven by a falling- 
weight or by a gas-engine. I'he air then passes 
into a cairburetting chamber where it is charged 
with petrol vapour, mechanical means being 
employed to maintain a constant percentage of 
hydrocarbon in the issuing gas, and at a value 
outside the lower and upper explosion limits of 
8 and 12%, respectively (H. F. Coyard and G. W. 


Jones U.S. Bur. Mines, Bull. 279, revised ed. 
1939). 

In one form of apparatus, a pump working on 
the principle of the rotary wet gas-meter dehvers 
a steady stream of air. The air passes through 
a tortuous tube, countercurrent to a stream of 
petrol, which is supplied at a constant rate by a 
drip-feed. 

For descriptions and references concerning a 
wide variety of generators, see Engler and HOfer, 
‘‘ Das Erdol,” Vol. IV, pp. 494-499 (1916). 

The gas issuing from the carburettor then 
passes to a holder and thence to burners of the 
Bunsen type. Safety devices, such as gauze- 
packed tulles, are usually inserted between the 
gas holder and burners, in order to prevent the 
possible spread of an explosion w ave. 

The quality of air-gas is dependent both on the 
nature and on the quantity of hydrocarbons it 
contains. With regard to quantity, mixtures 
passing the upper explosion limit are usually 
employed in preference to those falling below 
the lower limit, on account of their higher 
calorific value and higher flame temperature. 
They are at a disadvantage, however, wdth 
respect to their high dew-point, which render 
them very prone to condensation during cold 
weather. 

An aviation petrol is usually used as the car- 
buretting liquid. However, the use of a volatile 
petroleum-cut boiling over a narrow range, e.g. 
from 30 to 40®C., is advantageous in that the 
; composition of the gas suffers less change as the 
bulk of the petrol evaporates. 

Tulpov (J. Appl. Chem. Russia, 1929,2,395), 
employing an aviation petrol, sp.gr. 0-720, found 
that the various constituents evaporated in pro¬ 
portion to their partial vapour-pressures in the 
mixture. The following data were obtained 
with a gas prepared at 10-20°C.: hydrocarbon 
content 99-193 g./m.***, i.e. 12-3-18-5% by 
volume; calorific value 1,020-2,000 kg.-cal./m.*, 
flame temperature 675-1,318°C. He concluded 
that this gas was suitable for use at temjKTa- 
tures not below 15°C. 

F. 11. 

GAS ANALYSIS {v. Vol. II, 674). 

GAS BLACK {v. Vol. II, 3125). 

GAS BLUE (i’. Vol. Ill, 4735). 

GAS, COAL. During the 17th and 18th 
centuries the evolution of a combustible gas 
which burnt with a luminous flame was observed 
in the neighbourhood of coal-fields. It was also 
observed that a gas of this nature could be 
produced by the distillation of coal in a closed 
vessel. The first to carry out the process of the 
distillation of coal for the special purpose of 
producing a gas for use as an illuminant was 
William Murdoch, who in 1792 lighted his 
house at Redruth by this means. At that time 
Murdoch was in charge of* James Watt’s con¬ 
densing steam engines, then recently erected at 
Cornish mines by Messrs. Boulton and Watt, of 
which firm ho w^as the representative. On 
returning later to the works of Messrs. Boulton 
and Watt he continued his investigations on the 
production of coal gas and by about 1798 had 
developed his process sufficiently to light part 
of the works. Independently or Murdoch, but 
at a rather later date, Phillipe Lebon of Paris 
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employed for lighting purposes the gas evolved 
by the distillation of wood, the date of his first 
patent being 1799. At peace celebrations in 
this country in 1802 a public display of the new 
gas lighting was given. This was followed by 
the installation of gas-lighting plant in a number 
of factories and large houses. 

In 1806 F. A. Winsor, a Moravian, arrived in 
this country. He came with an ambitious 
scheme, originated by Lebon, for the erection of 
a gasworks for a public supply of gas. His 
proposals “ to provide streets, squares and 
liouses with gaseous fights by means of conduct¬ 
ing tubes underground from distant furnaces, 
on the principles as houses are now supplied 
with water,” met with considerable opposition 
from the timid and the superstitious and also 
from vested interests. It is probable that the 
extravagant claims made, notably regarding 
financial returns, adversely affected his case. 
In spite of opposition, Winsor lighted the street 
of Pall Mall, London with gas in 1807 as an 
earnest of his intentions. At the inquiry which 
followed, Winsor and his witnesses commended 
the safety and cheapness of gas for lighting, the 
value of coke as a smokeless fuel and the use¬ 
fulness of tar and ammonia. 

Winsor received considerable assistance from 
I^redrick Accum, a chemist whoso investigations 
had already made him well'known in London. 
Prior to Winsor's first patent in 1804, Accum 
liad already interested himself in the chemistry 
of gas production and, at the request of the pro¬ 
moters of the new company, conducted an ex¬ 
tensive series of experiments. In his testimony 
before the Committee of the House of Commons 
appointed in 1809 to consider the application 
for a charter, Accum described his experiments 
in the utilisation of the by-products of gas 
manufacture. These experiments are important 
for they represent the first efforts for the utilisa¬ 
tion of these important by-products. Parlia¬ 
ment eventually passed a bill which permitted 
the incorporation of Winsor’s Company in 1810, 
and the Chartered Gas Light and Coke Company 
was established in 1812, with Accum on the first 
board of directors as practical chemist. This 
company stiU continues under the name of the 
Gas Light and Coke Company. 

Other companies followed that of Winsor, and 
in a comparatively few years the manufacture of 
gas became general practice. In 1847 Parlia¬ 
ment controlled the powers of gas companies 


and prohibited the production of gas of inferior 
quality, and in 1860 areas of supply were 
allocated to each undertaking. From that date 
the gas industry has steadily increased. 

The almost exclusive use for coal gas until the 
last quarter of the 19th century was for fighting 
purposes, by utilising the luminosity developed 
by burning it, the illuminating power being a 
quality of the first importance. The method 
formerly employed consisted in burning the gas 
in open flame burners. The introduction of the 
incandescent mantle by Auer von Welsbach in 
1887 revolutionised gas fighting. Tliis method 
of fighting, in which a mantle composed of 
thoria and ceria is heated to incandescence by a 
Bunsen flame, has replaced the old “ batswing ” 
burner which is now obsolete. With the in¬ 
candescent burner, the fight evolved is depen¬ 
dent mainly on the calorific power of the gas, 
but has no direct connection with its illuminating 
power when burnt in open flames. Moreover, 
during the last 50 years, a steady increase in the 
employment of gas for the purposes of heating 
and cooking, as well as for the production of 
power in gas engines, has also emphasised the 
fa(.‘t that the calorific power of the gas is of 
primary importance so far as the great bulk of 
the gas supplied is concerned. 

Until about 1880 gas undertakings were sub¬ 
jected to little effective competition, but from 
that time competition has steadily increased, 
on the one hand from electricity and on the other 
from the introduction of cheap mineral burning 
oils. The stimulus of effective competition has 
resulted in a much more rapid advance, both in 
the technical aspects of the manufacture of the 
gas and in the commercial methods adopted for 
its sale. 

It will be understood that gases derived from 
sources other than the carbonisation of coal (e.^. 
blast-furnace gas, refinery and natural petroleum 
gases, etc.) can be used in certain circumstances 
for purposes similar to those for which coal gas 
is employed. In this section, however, only 
the production of what is ordinarily known as 
coal gas will be considered, that is the gas dis¬ 
tributed from the gasworks for public use and 
capable of being employed at the desire of the 
consumer for lighting, heating or power purposes. 
The magnitude and extent of this industry and 
the manner in which it has extended during 60 
years is shown in Table I, giving the summary 
of the figures in the Board of Trade returns for 


Table I.—Geowth of the Gas Industey. 


(Figures relate to authorised undertakings.) 


Year. 

Capital 

employed. 

£. 

Length 
of gas 
mains. 
MUes. 

Number of 
consumers. 

Coal 

carbonised. 

Tons. 

Coal gas 
made. 
1,000 cu. ft. 

Water gas 
made. 
1,000 cu. ft. 

Coke oven 
gas 

purchased. 
1,000 cu.ft. 

Total gas 
sold. 

1,000 cu. ft.* 

^1886 

J1905 

J1913 

=^1920 

1927 

1985 

1936 

1987 

55,182,986 

124,194,221 

189,727,277 

158,266,091 

183,405,321 

220,656,515 

225,849,568 

283,149,089 

18,967 

80,931 

39,099 

40,382 

45,821 

59,010 

61,598 

68,436 

2,095.026 

6.064,075 

7,108,113 

7,686,222 

8,686,889 

10,516,769 

10,775,444 

11,009,745 

8,878,904 

14,480,825 

16,971,724 

17,944.877 

17,703,598 

17,293,900 

18,884,048 

18,650,122 

84,637,728 

165,167,831 

195,826,569 

219,718,988 

246,113,651 

260,505,328 

274,949,811 

279,453,806 

19,736,859 

23,778,609 

88,226.179 

47,130,358 

82,364,744 

27,468,821 

27,369,581 

6,340,223 

20,464,577 

24,329,216 

28,028,000 

77,393,670 

161,407,726 

206,474,478 

241,018,701 

280,201,562 

296,856,918 

809,935,818 

316,400,000 


^ Includes Ireland. * Includes relatively small quantities of Mond gas, producer gas, etc. 
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all authorised gas undertakings belonging to 
700-800 statutory gas companies or local autho¬ 
rities for the years 1885-1937. 

This table does not include the production of 
private companies, but their combined output 
is relatively very small and would not materially 
affect the figures. The total amount of coal 
carbonised by these small private undertakings is 
only about 700,000 tons annually, i,e. less than 
4% of the total. 

In addition to the gas output, coke, tar and 
ammonia are also produced in large quantities 
as by-products. The amounts produced by 
authorised undertakings in 1936 were as 
follows: 12,286,000 tons of coke and breeze, 
233,666,000 gallons of tar and 86,346 tons of 
sulphate of ammonia (Board of Trade Return). 

So far as the actual carbonisation of the coal 
is concerned, Murdoch, after experimenting 
with different types of retort, settled down to the 
emplo 3 rment of long narrow retorts set hori¬ 
zontally. The coal was charged into these all 
at once, a free space being left above the charge 
throughout the whole length of the retort. 
The charge was then allowed to remain in the 
retort until completely carbonised, when the 
residual coke was raked out and the retort re¬ 
charged with more coal. At first cast-iron 
retorts were employed, but the rapid wearing 
of these, especially when the temperature of 
carbonisation was increased, soon led to the 
substitution of fireclay for cast iron. 

After the coal-gas industry became firmly 
established there was for a long time no material 
alteration in the principles of manufacture 
evolved by Murdoch and his immediate succes¬ 
sors, prominent among the latter being Samuel 
Clegg and his son, Samuel Clegg, junr. At the 
same time very considerable changes took place 
in the details of the plant and in the construction 
of apparatus of larger size, coincident with a 
constantly increasing demand for gas. 

The carbonisation of the coal and the treat¬ 
ment of the hot volatile products issuing from the 
retorts to obtain a gas suitable for distribution 
still, broadly speaking, follows the lines adopted 
in the earlier days of the industry. These pro¬ 
ducts are first cooled to approximately atmo¬ 
spheric temperature, when considerable vapours 
liquefy, forming tar, and the steam present in 
quantity condenses to water. This water dis¬ 
solves part of the ammonia which is present in 
the crude gas as well as other gaseous impurities, 
notably hydrogen sulphide and carbon dioxide. 
The remainder of the ammonia is removed by 
washing with water. For the further purifi¬ 
cation of the gas after ammonia removal, it must 
be subjected to a process for the elimination of 
hydrogen sulphide. This was efifected in the 
earliest stages of the industry by treatment with 
milk of lime. This was later replaced by mois¬ 
tened slaked lime, placed in layers in a closed 
purifier, constructed in such a manner that the 
gas filtered through successive layers of this 
material. Still later, slaked lime was replaced by 
hydrated ferric oxide placed in similar purifiers. 
T^s last substance, unlike the slaked lime, does 
not simultaneously remove the remainder of the j 
carbon dioxide present in the gas. It was either | 
separately removed by lime or allowed to remain.' 


Early researches on ammonia recovery and gas 
purification are associated with the name of 
Richard Laming, whose activities are reflected 
in the patent literature of the period 1841-64. 

The technical advances, until comparatively 
recent times, involved no great alterations in 
principle. They consisted generally in im¬ 
proving the efficiency and economical working 
of the plant employed, and in the introduction of 
mechanical transport for the large quantities 
of material to be dealt with, including the adop¬ 
tion of labour-saving machinery. Further, the 
temperatures at which the coal is carbonised 
have been increased, resulting in a larger yield 
of gas per ton of coal. 

The present century has witnessed consider¬ 
able advances in the technique and efficiency of 
gas manufacture. These advances have been 
coincident with the extensive development of 
gas as a heating medium for both domestic and 
industrial purposes. There have been striking 
reductions in the cost of gas manufacture, due 
to the adoption of scientific control of the works, 
coupled with more efficient methods. The 
purity of the gas sold and the thermal efficiency 
of its utilisation have also improved. Standards 
of gas purity are prescribed by Parliament, but 
the gas industry has gone far beyond these 
standards and has introduced additional refine¬ 
ments, such as the removal of naphthalene and 
moisture. In addition, progress is being made 
in the removal of organic sulphur compounds 
and recent research suggests the probability of 
further important advances in this direction. 

From the point of view of conserving national 
fuel, the efficiency of the carbonisation process 
as measured by the heat value of the products 
sold from a gasworks varies from 76 to 87% of 
the heat energy of the coal treated. The attain¬ 
ment of this efficiency is reflected in the figures 
shown in Table II below. In this the average 
quantity of gas produced each year, per ton of 
coal, by authorised undertakings, has been cal¬ 
culated from the Annual Returns of the Board 
of Trade. It will be seen that a halt has been 
reached in the ratio of gas to coal. It should not 
be assumed from this, however, that finality in 
carbonisation development has been reached. 

Table II. 


Year. 

Qas per ton of coal, 
cu, ft. 

1919 . . . 

.... 12,100 

1924 . . . 

.... 13,380 

1929 . . . 

.... 14,245 

1934 . . . 

.... 16,004 

1937 . . . 

.... 14,984 


The net thermo-chemical effect of the gas¬ 
making process is slight, the potential heat ofthe 
products of high temperature carbonisation 
being about the same as that of the original coal, 
though it should be realised that this equivalence 
would not be maintained with aU coals or at all 
temperatures. In practice it is of course neces¬ 
sary to expend heat, by combustion of part of 
the coke, to maintain the coal at the reaction 
temperature and to make good the losses of 
sensible and latent heat in the products of the 
reaction. The present high working-efficiency 
is a reflection of modem technique with plant 







433 


GAS, COAL. 


which makes possible the recovery and utilisa¬ 
tion of a considerable proportion of the heat 
expended. The hot burnt waste gases derived 
from the fuel used for heating the retorts are led 
to an apparatus where the heat is given up to the 
air entering the furnaces, thereby effecting con¬ 
siderable economy in fuel. Any heat remaining 
after this in these gases may then be used to 
generate steam in a special type of boiler, known 
as a waste-heat boiler. Steam from this source 
plays an important part in the economy of the 
modern gasworks, where almost all operations 
are carried out mechanically. Coal, coke and 
stores are treated and transported by machinery 
and the gas itself has generally to be pumped into 
the supply area by boosters increasing the pres¬ 
sure resulting from the dead weight of the gas¬ 
holders. 

An examination of the Board of Trade Returns 
relating to authorised gas undertakings in 
Great Britain reveals that the number of under¬ 
takings—706 in 1937—has been showing a steady 
decrease for a number of years. This is a con¬ 
sequence of rationalisation by amalgamations 
and absorptions. The recent advent of holding 
companies also operates in the same way. 

The general legislative principles adopted in 
the control of statutory gas-undertakings were, 
up to the year 1913, as follows : In the case of 
gas undertakings controlled by local authorities, 
a certain minimum illuminating power was pre¬ 
scribed in the Special Act relating to the under¬ 
taking, and, in addition, the maximum price 
which could be charged per 1,000 cu. ft. of geis, 
and the usual clauses with regard to sinking fund 
for repayment of capital. In the earlier period, 
undertakings owned by companies were treated 
in a somewhat similar manner, their minimum 
illuminating power and a maximum price being 
prescribed, and also a maximum dividend pay¬ 
able. It was also usually provided that any 
new capital raised by such companies must be 
sold either by auction or by tender and not 
issued at its par value. Later the maximum 
price and maximum dividend clauses were 
dropped in the case of the majority of the 
statutory companies, and replaced by the 
adoption of a “ standard price ” and “ standard 
dividend,” and a sliding scale introduced, where¬ 
by for each penny the price of gas was reduced 
below the standard price, an additional dividend 
(mostly about one-eighth per cent.) was payable 
above the standard dividend and vice versa, if 
the price of gas increased above the standard, a 
similar amount had to be deducted from the 
dividend payable. These sliding-scale clauses, 
which made it to the interest of the gas com¬ 
panies to reduce the price to its lowest possible 
figure, had given general satisfaction up to the 
outbreak of war in 1914, but the great increase 
in costs of coal and other materials so increased 
the cost of gas above the standard price that 
the sliding scale resulted in a very great reduc¬ 
tion, and in some cases a disappearance of the 
dividend payable. As a temporary measure, a 
short Act was passed in 1917 whereby it was 
enacted that until the end of the war the sliding 
scale clauses should not be operative after they 
had reduced the dividend payable to two-thirds 
of the standard dividend. < 
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In the years just preceding 1913 a few under¬ 
takings had received Parliamentary sanction for 
the substitution of a calorific-power standard for 
an illuminating standard. The actual illumi¬ 
nating power prescribed varied considerably 
with the different undertakings, according to 
the conditions of coal supply and the character 
of the demand for gas. The abnormal conditions 
during the war period 1914-18 saw a material 
reduction in the illuminating and calorific power 
of the gas in most cases, partly due to the coal 
and oil shortage and partly due to the difficulties 
of plant maintenance. Owing to the abnormal 
state of affairs, the various statutory stipulations 
as to the illuminating or calorific power of the 
gas to be supplied by the various gas under¬ 
takings were practically suspended. At the 
conclusion of the war, the Fuel Research Board 
of the Department of Scientific and Industrial 
Research were asked by the Government to 
report on the matter of the future control of the 
industry. The recommendations made, modified 
in certain details after consideration by the 
Board of Trade and consultation with the gas 
industry, were made statutory by the Gas 
Regulation Act of 1920. By this Act, funda¬ 
mental and far-reaching alterations were made 
in the conditions under which statutory gas 
undertakings were to carry on their business. 

The most fundamental change made by the 
Gas Regulation Act of 1920 was that of the 
basis upon which the gas is charged. In place 
of a charge based on the volume of gas (1,000 cu. 
ft.), the charge was made on the numl>er of 
British Thermal Units contained in the gas 
supplied or, in other words, on the potential 
energy contained in the gas. All stipulations 
as to the illuminating power of the gas were 
repealed. The unit of measurement is taken as 
100,000 British Thermal Units, which is defined 
by the Act as “ a therm.” Each undertaking is 
free to declare what calorific power of gas per 
cubic foot it will supply, having regard to its 
local conditions in respect of coal supplies, manu¬ 
facturing plant, etc., but it must then maintain 
such declared calorific power as a minimum, 
under penalty for failure. Supply of gas of a 
calorific value differing from the declared value 
may be made only after due notice of such 
alteration, with liability on the part of the gas 
undertaking to carry out at its own cost any 
necessary adjustments of consumers’ appliances. 
In order to ensure that the calorffic value 
declared by the gas undertaking should be main¬ 
tained, the Act required the Board of Trade to 
nominate three Gas Referees, one at least to be 
a person having practical experience in gas 
manufacture and supply. The principal duty of 
these Referees was to prescribe times, places 
and methods for the testing of gas for calorific 
value, for pressure and for purity in respect of 
freedom from hydrogen sulphide. The appoint¬ 
ment of the gas examiners required to carry out 
the necessary tests was left to local authorities, 
a Chief Examiner being appointed by the Board 
of Trade to decide cases of appeal. A survey 
made in 1937 showed that 90% of the gas sold 
in this country had a calorific value of from 460 
to 500 B.Th.U. per cu, ft. 

The powers of the 1920 Act were amended and 
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extended by the Gas Undertakings Acts of 1929, 
- 1932 and 1934. The first two contain a number 
of provisions regarding financial powers and 
extend the scope of authority of the Board of 
Trade. 

The Gas Undertakings Act, 1934, makes a 
number of important changes in the principal 
Act and introduces a number of new principles 
into Gas Law. Under this Act the machinery 
for carrying out official tests on gas quality is 
changed. The office of Chief Gas Examiner is 
abolished and any appeal lies with the Board 
of Trade. From January 1, 1939, the office 
of Gas Referees is also abolished and their duties 
will be discharged by the Board of Tmde. Also, 
by this Act, all non-statutory undertakings 
making more than 30 million cu. ft. per annum 
are required to apply for statutory powers. 
Modified provisions are extended to companies 
making between 20 and 30 million cu. ft. per 
annum. Another clause facilitates closer co¬ 
operation between undertakings with regard to 
the giving and taking of bulk supplies. 

In recent years the gas industry has been pur¬ 
chasing coal gas from the coking industry, i.e. 
the industry devoted to the manufacture of 
coke for smelting purposes (see Cork Manu¬ 
facture, Vol. Ill, 269). This development has 
l)een discussed by Philip Dawson (J. Inst. Fuel, 
1937,11, 1) who points out that improvement in 
oven design has resulted in considerable economy 
in consumption of fuel {t.e. by-product coal 
gas) so that the volume of surplus gas has 
substantially increased as ovens have been 
modernised. The older type of coke oven, 
known as the waste-heat oven, which consumes 
practically all the gas produced, is gradually 
being replaced by those of the regenerative type. 
These latter now treat over 70% of the total 
quantity of coal carbonised by the coking in¬ 
dustry. At present about 60% of the gas pro¬ 
duced is used as fuel for heating the ovens and 
22-23% is absorbed in coke-oven auxiliary plant. 
Of the surplus the gas industry purchases be¬ 
tween 10 and 11%. The actual quantities 
purchased have been increasing for some years; 
the figure for 1936 was 24,531 million cu. ft., 
as compared with 20,474 million in 1936 (16th 
Ann. Report Secy, for Mines, 1937, 21). 

An Area Gas Committee was appointed in 
1928 to investigate the practicability of unifying 
the gas supply in certain specified areas. The 
Committee reported that such a general scheme 
was not justified, but recommended that a net¬ 
work of mains should be provided to collect gas 
from a number of coke ovens in an area between 
Barnsley and Sheffield. The Sheffield Gas Acts 
and Orders resulting from this recommendation 
vested the rights to collect and distribute this 
gas in the Sheffield Gas Company. This South 
Yorkshire Gas Grid has made considerable pro¬ 
gress. The maximum quantities of coke oven 
gas contracted for have proved inadequate to 
meet the increthsed demands made by industrial 
consumers and, as a result, additional supplies 
have been obtained and fiirther extensions are 
contemplated. The total length of the grid 
mains in 1936 was about 28 miles {ibid.). In 
1935, a Departmental Committee of the Board 
of Trade considered the possibility of co- 
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ordinating the manufacture and distribution of 
gas in the West of Scotland. The Committee 
concluded that the establishment of a gas grid 
scheme over a wide area was not economically 
practicable, but recommended that certain 
specified undertakings should take supplies of 
coke oven gas. 

The long-distance distribution of coke oven 
gas has been extensively developed in Germany 
where gas derived from pit-head coke ovens in 
the Ruhr is fed to a large area by means of a 
network of high-pressure mains. A pipe-line 
system having a total length in excess of 600 
miles is designed to serve an ai’ea with a popu¬ 
lation of al^ut 3,000,000. The Ruhrgas A.G. 
propose to extend the existing area by the con¬ 
struction of two long-distance high-pressure 
mains, so that gas made in the Ruhr may be 
sent to still more distant parts (Chim. et Ind. 
1936, 36, 227). One main will extend from 
Cologne to Bonn and the other frorti Siegen to 
Frankfurt-on-Main. The latter is of particular 
interest from the technical viewpoint, as it is 
designed to carry gas at a pressure in the region 
of 30 atm. In the existing long-distance mains 
the pressure is from 4 to 6 atm. The potential 
supply of surplus gas available has been esti¬ 
mated to exceed 230 billion cu. ft. per annum. 

The development of the oil fields in the United 
States has made available very large quantities 
of natural gas of high calorific value and the 
long-distance transmission of this gas, whereby 
it has become available in districts remote from 
the oil fields, has profoundly affected American, 
and to a lesser extent Canadian, gas practice. 
The effect upon gas manufacture can bo realised 
when it is seen that the U.S. Bureau of Mines 
estimates consumption of natural gas in the 
United States in 1936, at 2,167,668,000,000 cu. ft. 
(U.S. Bur. Mines li^er^ Year Book, 1937, 
1055). This figure is 13% more than that for 
1935. In addition to distribution by means of 
long-distance mains, petroleum gases are liquefied 
and distributed in cylinders under pressure. 
This “ bottled gas,” consisting essentially of 
propane and butane, is distributed to industrial 
and domestic consumers, and is of particular 
value in districts not served by mains. Some 
75 million gallons were market^ in 1936 (Gas 
Age-Rec. 1937, 79, No. 4, 29). The consumption 
of liquefied petroleum gases by the manufactured 
gas industry in the United States is estimated at 
9 million gallons for that year. A number of 
installations to enable the use of propane and 
butane for stand-by and enrichment purposes 
have been constructed [r. Gas, Liquefied 
Hydrocarbon (Bottle Gas)]. 

Propane, butane and other saturated hydro¬ 
carbons are formed in all reactions resulting 
from the pressure hydrogenation of coal and 
coal tar, and some hundreds of road vehicles 
are already operating sat^factoiily in (Germany 
on ** rich ” gases of this type. Traeno^er 
(Brennstoff-Ghem. 1934, 15, Wirtsch. 94) states 
that there are six types of gas available in 
Germany as potenthd sources of motor fuel. 
Four of these are derived from the <^rbonisation 
of coal, namely, “ Ruhrgasol,” methane, coke 
oven gas and town’s gas. 

The use of compressed coal gas as a motor fuel 
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does not make rapid progress in this countiy. 
Problems associated with its use for the propul- 
sion of motor vehicles have been under review 
by a committee representative of a number of 
gas undertakings which previously had been 
individually conducting experiments on the use 
of gas for this purpose. This committee has 
publishesd the results of experimental work (The 
National Gas Council: “ Compressed Gas for 
Motor Transport ”). The relative cost of using 
compressed gas and motor spirit is largely 
dependent upon the load factor of the compress¬ 
ing plant and of the vehicle storage cylinders. 
The most favourable economic circumstances 
for the use of gas occur when there is a fleet of 
vehicles running a relatively large mileage within 
a limited radius of a central garage, where the 
necessary compressing and storage plant can be 
installed. In a review of the technical appli¬ 
cation of town’s gas, C. M. Walter (J. Inst. Fuel, 
1934, 7, 217) gives running costs obtained with 
compressed gas and discusses the economics of 
the subject. 

The increasing national importance of liquid 
fuels in many of the larger countries of the 
world has been accompanied by efforts to exploit 
indigenous materials for their production. This 
trend is particularly noticeable in cx)untries not 
possessing natural sources of petroleum. 

So long as the supply of gas of high luminosity 
was required, the gas industry, as distinct from 
the coking industry, was not in a position f/O 
extract the benzole from the gas which contains 
20-30 times as much benzole per ton of coal as 
the tar. When the restrictions on the illumi¬ 
nating power of the gas were removed by the 
Gas Regulation Act, however, a reassessment of 
the value of benzole in gas form became possible. 
It still has a comparatively high value in the gas 
and this may make its recover^’ undesirable, 
except under specially favourable conditions. 
In this country the recovery of benzole at gas¬ 
works became general during the war (1914- 
18) and in 1917 reached a maximum of 5 
million gallons, or 16-5% of the total produc¬ 
tion. Production decreased again after the war, 
but has increased in recent years as the result 
of a series of fiscal enactments designed to en¬ 
courage the production of home-produced spirit. 

The Finance Act of 1928 imposed a duty of 
4d. per gallon on imported spirit and this figure 
was increased in 1931 to 6d. and Sd. A few years 
later this preference for home-produced spirit 
was guaranteed by the British Hydrocarbon Oils 
Production Act of 1934, which gives such spirit 
an advantage of at least 4d. per gallon over im¬ 
ported products for a period of 9 years, or 8d. 
for 4J years. Home-produced spirit is at present 
free from tax or duty, and as a result the number 
of benzole extraction plants on gasworks has 
increased considerably. On the basis of coal 
carbonised, those works which extracted benzole 
represented 47 *3% in 1936, compared with 
44*4% in 1936 (16th Ann. Kept. Secy, for Mines, 
1937, 14, 20). The total output of refined light 
spirit from gas and tar at gasworks increased 
by 15-3% during the same period. There is evi¬ 
dence that at present extraction is, in general, 
more attractive for the larger works than the 
smaller ones, where the expense of erecting 


benzole recovery plant is not always considered 
expedient. Gasworks benzole and its import¬ 
ance as a national source of liquid fuel from 
indigenous material has been fully discussed 
in a report to the Minister for the Co-Ordination 
of Defence (“ Sub-Committee on Oil from Coal 
Report,” 1938). 

The fact that benzole extraction from coal gas 
simultaneously removes a proportion of the 
organic sulphur compounds present in the gas 
is an attractive feature. Recent researches 
have demonstrated that with special operating 
conditions a high percentage of these deleterious 
substances can be eliminated. 

The search for oil from indigenous sources has 
been in part responsible for the attention which 
has been directed in recent years to the carboni¬ 
sation of coal at low temperatures, i.e. within 
the range 500~700®C. 

Low-temperaturo carbonisation is not primarily 
a gas-making process and the subject, therefore, 
will not be considered in further detail in this 
article. It should be realised, nevertheless, that 
this method of carbonisation receives the close 
attention of the gas industry. Systems have 
been, and are being, tried in conjunction with 
gasworks (v. Coke Manufactube, VoI. Ill, 268, 
and Fuel, this VoI., p. 364). 

Simultaneously with developments in the car¬ 
bonisation of coal, there has been evolved highly 
efficient plant for the manufacture of carburetted 
water gas. This process of gas-making consists 
in the production of a mixture of hydrogen and 
carbon monoxide by the action of steam on coke 
at a high temperature, followed by admixture 
with oil gas, i.e. the product obtained by the 
pyrolysis of gas oil, whereby it is converted into 
permanent gases of high calorific value. 

The manufacture of carburetted water-gas 
made considerable headway in the L'nited States 
and Canada during the first decade of the present 
century, following the development of oil fields, 
and in 1910 about 80% of the public gas supplied 
consisted of carburetted water gas. 

This phase was followed, however, by con¬ 
siderable expansion in the use of coke-oven gas 
for town’s supply, and more recently by the 
development of supplies of natural gas. 

In this country, from 1890 onwards, many gas 
undertakings have also manufactured car¬ 
buretted water-gas, which is mixed with the coal 
gas. The use of carburetted water-gas plant as a 
supplement to a coal gas plant has several 
advantages which are discussed in detail below 
{see p. 469). It may be stated, however, that its 
economic value is closely connected with the 
prices of coke and gas oil, which are subject 
to fluctuation. For this reason the total quan¬ 
tity made may vary from time to time within 
relatively wide limits. Production statistics are 
given in Table III. No figures are available as 
to the amount of water gas produced by the 
introduction of steam into the retorts, as the 
water gas produced by this means cannot be 
measured separately from the coal gas simul¬ 
taneously produced, and is in consequence 
included in the coal gas figures. 

Gas Coal. —^The type of coal employed for gas¬ 
making purposes is normally of the character 
known afl bituminous caking coal, i.e. a coal 
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which, in addition to yielding a large volume of 
gas, also forms a plastic mass during the early 
stages of the carbonising process and results 
finally in the production of a coherent coke of 
good commercial value. The non-caking bitu¬ 
minous coals, even when yielding a large volume 
of gas, give only a poor coke. These are, there¬ 
fore, employed only in isolated cases where local 
conditions are such that non-caking coals are 
obtainable at a cost sufficiently below that of 
caking coals to compensate for the lessened 
value of the coke produced. 

Studies by J. Roberts, by E. V. Evans and by 
others of the formation of coke during the car¬ 
bonisation process, of the escape of volatile pro¬ 
ducts from the heated coal mass and of the 
structure of the coke itself, have suggested that 
in certain circumstances advantages are to be 
gained by blending the caking (joal with a non- 
caking coal or even with coke breeze. The main 
object of coal blending is the prcwlaction of coke 
of an improved qualit 3 % but it may also increase 
the thermal efficiency of the prt)ces8. In addi¬ 
tion it may facilitate the use of a coal not suit¬ 
able alone, and it may enable the conversion of a 
material of low value, such as coke breeze, into 
saleable coke. The whole subject of coal blend¬ 
ing and its r61e in the production of solid smoke¬ 
less domestic fuel has been dealt with by J. G. 
King (Trans. World Power Conference 1928, 2, 
348). 

The chief supplies of gas coal occur in the 
Newcastle or Durham district. South Yorkshire, 
Lancashire, Derbyshire and North Staffordshire. 
In considering its source of coal supplies, a gas 
undertaking must take transport costs into 
account and for this reason will, in general, 
purchase from the nearest coal-field producing a 
suitable quality. In the I^ndon district, how¬ 
ever, and also for the most part in the South 
and South-West of England the main supply is 
drawn from the Durham field, the greater dis¬ 
tance away of these collieries being more than 
counter-balanced by the fact that the coal is 
brought for the greater part of the way by coast¬ 
ing steamers instead of by rail, thus reducing 
the cost of transport. 

The coals obtained from the different seams in 
the same district, and often even from the same 
seam, vary considerably in their gas-making 
properties. Nevertheless, the coals from each 
district have, as a rule, certain characteristics 
which distinguish them from those of other 
localities. This is especially the case with the 
coals from the Durham field which, for the most 
part, undergo carbonisation more slowly than 
the others under similar conditions and yield 
a harder and denser coke. They also yield a 
thicker tar of higher specific gravity and, in 
general, give a somewhat lower yield of ammonia. 
The North Staffordshire coals also yield gas coke 
harder than that from Yorkshire, Derbyshire or 
Lancashire coal. 

While bituminous coal is the t 3 rpe of coal 
normally used for gas manufacture, mention 
should be made of two other types which have 
received consideration. Brown coal, or lignite, 
has been the subject of considerable investmation 
in Germany where large deposits occur. This is 
now being used on a commercial scale in that 


country. It has been necessary to evolve a 
special technique, one of the main difficulties 
being a high moisture content. Brown coal from 
the mine contains 50-60% of moisture and must 
be dried before carbonisation. When dry it is 
usually so finely divided that its direct carboni¬ 
sation presents difficulties and briquetting is 
generally necessary. The properties of the 
products of brown coal carbonisation have been 
discussed by W. Allner (Trans. Chem. Eng. 
Congr., World Power Conf. 1936, 8, 47) who gives 
a description of that industry in Germany. 

Cannel coal, formerly carbonised in some 
quantity, is not now employed to any extent 
for the manufacture of gas in this country. The 
coke obtained by the high-temperature carboni¬ 
sation of cannel coal is in general of inferior 
quality. Recent investigation of the carboni¬ 
sation of this type of coal (Inst. Gas Eng. 
Comms. No. 135, 1936; No. 162, 1937) has sug¬ 
gested the desirability of a national assessment 
of the available quantities of cannels of suffi¬ 
ciently high quality for gasification purposes. 

The classification of coals into groups, such as 
“ gas coals,” “ steam coals,” etc., according to 
their suitability for specific purposes, is the out¬ 
come of accumulated experience in the past and 
still retains a certain usefulness for commercial 
purposes. Now, however, that modern know¬ 
ledge has made it jMDssible to use coals of greatly 
varying characteristics for the same purpose 
merely by alterations in technique, such a super¬ 
ficial classification may be misleading. It is 
more satisfactory to characterise a coal from 
some fundamental property to which other 
properties are related. Degree of metamorphism 
answers to this requirement and has been made 
a satisfactory fundamental basis for the scientific 
classification of coals. It is found that the degree 
of metamorphosis or “ rank ” of a coal may be 
indicated by its position on a chart made by 
plotting carbon content against hydrogen con¬ 
tent, or calorific value against volatile matter 
content (all on a dry, mineral-matter-free basis). 
On charts constructed in tliis way, most coals 
fall within a fairly well-defined band and the 
characteristics of the fuels change progressively 
as the band passes from brown coals to anthra¬ 
cites, ».e. in the direction of increasing carbon 
content or decreasing volatile matter content. 
The well-known classification due to Seyler 
(Proc. S. Wales Inst. 1931, 47, 667) is on this 
basis {v. Fuel, this Vol. p. 342). 

Valuation of Gas Coal. —The simple ele¬ 
mentary analysis of a coal, giving the percent¬ 
ages of moisture, carbon, hydrogen, oxygen, 
nitrogen, sulphur and ash, provides little in¬ 
formation as to its value for gas-making pur¬ 
poses. If, however, the figures for moisture and 
ash be eliminated and the composition be 
expressed as a percentage of the actual,coal 
substance, it is possible to judge the general 
properties of the coal from the figures thus 
obtained. Of greater value is the proximate 
analysis, i.e. the determination of moisture, 
volatile matter, coke and ash and (if requii^) 
of sulphur, which is objectionable as an impurity. 
The quantity of volatile matter, i.e. material 
expelled, excluding moisture, when the coal is 
heated in absence of air, varies according to the 
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manner in which the heating ia carried out, and 
to obtain comparable results a standard method 
of heating must be adopted. In addition, the 
value of a coal analysis depends on the repre¬ 
sentative character of the sample tested. The 
British Standards Institution has defined 
standard methods for the sampling and analysis 
of coal and coke which are now in general use 
in this country. 

The quantity of volatile matter, excluding 
moisture, in gas coals usually varies from about 
28 to 36% of the undried coal, or from 30 to 40% 
of the actual coal substance. 

The actual results obtainable from a coal 
sample can be determined only by tests on the 
manufacturing scale. For this purpose arrange¬ 
ments are made in many works by which beds 
of retorts can be isolated and the gas passed 
through special condensing, purifying and 
measuring plant, and either the whole or an 
average sample of the gas collected for testing. 
The coke, tar and ammoniacal liquor product 
are also measured in a suitable manner. A 
special testing works is sometimes erected in 
large undertakings and by this means quantities 
of coal up to 20 tons a day can be examined. 
Small-scale plant, modelled to represent large- 
scale practice as nearly as possible, cannot be 
relied upon to give results obtainable in actual 
practice, as it is not possible to reproduce con¬ 
ditions with sufficient exactitude. Such small- 
scale plant are, however, of use in giving the 
comparative value of different coals for gas-making 
purposes, and from tests made with different 
samples in one and the same plant a fair idea 
may be obtained of the relative values of different 
samples. Such apparatus also makes possible a 
check on deliveries of coal under contract. 

THE MANUFACTURE OF COAL GAS. 

Briefly, the essential manufacturing processes 
necessarily involved consist of: 

(1) The distillation of coal. 

(2) The cooling and condensation of volatile 

products. 

(3) Washing the gas for removal of ammonia. 

(4) Purification of the gas from hydrogen 

sulphide. 

(5) Measurement of the gas produced, 

(6) Its storage in gasholders. 

The plant required consists of retorts set in 
suitable furnaces, cooling apparatus for the hot 
gas, exhausting apparatus to pump gas away 
from the retorts and through the subsequent 
series of process plant and—eventually to raise 
the weight of the gas-holders—^washers and 
scrubbers, purifiers, meters and gasholders, 
together with suitable buildings. 

In larger works there may be added to these 
processes plant for the blen&ng of coals or coals 
and breeze, apparatus for the removal of cyano¬ 
gen compounds, organic sulphur-compounds, 
naphthalene, benzole and water vapour from 
the gas. 

In addition to such plant and apparatus re¬ 
quired for the processes there has necessarily 
to be equipment for the unloading, distribution 
and storage of coal, for the transport, prepara¬ 
tion and storage of coke and other materials, 


! and for the supply and cooling of water. For 
the driving of these and the other machinery, 
arrangements are necessary for the supply of 
steam, hydraulic and electric power. Where 
carburetted water-gas is manufactured in addi¬ 
tion to coal gas, plant for this purpose has to bo 
provided, together with the necessary con¬ 
densers, exhausters, tar extractors, purifiers and 
relief holder. 

In order to carry out the manufacture under 
economic conditions, much depends upon the 
nature and position of the works. So far as the 
actual site is concerned, a gas-works may only 
be constructed upon land that has been scheduled 
by Act of Parliament. 

It is not possible to lay down any fixed rules 
with regard to the selection of sites, as generally 
only a few possible sites are available relative to 
the district to be supplied. The site should have 
a good connection with means of transport, 
especially with the railway and, where possible, 
also with water, and even, in certain circum¬ 
stances, with unloading facilities for direct sea¬ 
borne traffic, as otherwise the costs for bringing 
the large quantities of coal required and sending 
out coke produced are largely increased. It is 
usually the practice to avoid erecting new works 
in densely populated areas, but the growth of 
towns has resulted in many works originally 
erected in rural surroundings now being com¬ 
pletely surrounded by houses. 

In the laying out of the site it is impossible to 
indicate any but the most general rules. The 
object aimed at is to design the works in such a 
manner that advantage is taken, where practic¬ 
able, of existing natm^al conditions of level and 
of the relative positions of road, railway, canal 
or wharf, as the case may be, to facilitate the 
handling of the raw material and finished pro¬ 
ducts, especially of the coal and coke, which 
form the largest proportion of these. It is 
generally considered that two acres of land are 
required for each 1 million cu. ft. of coal gas 
produced per day, but on sites in built-up areas 
where land is scarce and the position favourable 
to cheap manufacture, this figure has been re¬ 
duced to 1 acre per million cu. ft. per day by 
careful choice of plant and skilful arrangement. 
The provision of sufficient area for gas, coke and 
coal storage becomes a difficult problem in these 
cases. As an illustration of the extent to which 
the ground space required for plant can be 
reduced, the figures given in Table IV, derived 
from data of T. Hardie, E. Q. Stewart and 
F. B. Richards, are of interest. 

The greater output on a given ground space 
by the vertical-retort type of plant is noticed 
if comparison is made with the older horizontal 
and inclined retorts. Similar developments in 
washing and purifying plant have enabled the 
ground space occupied by these units to be 
reduced. Care must be taken that the plant is 
such as to allow of the extension of the various 
portions of the plant without necessitating the 
pulling down and re-erecting of the original plant 
in a different position or the undue cramphig of 
the latter. 

Most gas-works to store coke in the open, 
and it is preferable to locate the retort house 
on the windward side of the coke store. 
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Table IV.— Ground Space Occupied by Gas-Making Plant. 


Type of installation. 

Plant. 

Total output 
therms per 
day. 

Total sq, a. 
ground space 
occupied. 

Therms per day 
per sq. ft. 
ground space. 

Inclined retorts. 

A (Hardie) 

22,338 

19,500 

M5 

Horizontal retorts. 

B (Hardie) 

34,560 

23,400 

1-48 

Continuous vertical retorts 

C (Stewart) 

50,388 

14,212 

3-55 


D (Richards) 

46,670 

13,3(K) 

3-50 


E (Stewart) 

42,028 

13,230 

318 1 

Intermittent vertical chambers 

.1 (Richards) 

45.060 

18,914 

2*37 


K (Richards) 

34,040 

14,432 1 

2-36 

Coke ovens. 

N (Stewart) 

85,200 

01,800 

0-93 


O (Richards) 

84,500 

62,200 

1-35 


The total cost of a gas-works including land is 
roughly £50,000 to £60,000 per million cu. ft. 
of capacity per day, according to size and 
location. It may be expected that the cost of 
the mains, services, meters, etc., necessary to 
furnish the supply of gas to consumers w^ould 
amount to double this sum. 

I 

Carbonisation of the Coal. 

The process of carbonisation consists essen¬ 
tially in subjecting the coal to distillation in 
closed vessels, whereby it is split up into two i 
portions, namely, a volatile portion which 
escapes from the retort, and by subsequent 
treatment yields tar, amraoniacal liquor, and 
permanent gas, and a non-volatile portion con¬ 
sisting mainly of carbon and the ash of the 
original coal, which remains behind in the retort 
as a porous mass of coke. The nature and 
amount of the constituents of the volatile pro¬ 
ducts, as well as the composition and physical 
properties of the residual coke, depend not only 
on the nature of the original coal, but also to a 
large extent on the temperature employed for 
its carbonisation and on the manner in which 
the heating is carried out. The nature of the 
physical and chemical changes which occur is ex¬ 
ceedingly complex, and these, so far as they have 
at present been elucidated, will be more con¬ 
veniently considered after a description of the 
actual process of carbonisation as it is at present 
carried out in the majority of gas-works. 

Manufacture of Gas in Horizontal 
Retorts. —The materials employed for the 
manufacture of retorts at the present time con¬ 
sist of fireclay and silica. Under modern car¬ 
bonising conchtions the quality of the refractory 
must be such that it will withstand working 
temperatures up to 1,400®, and will not develop 
serious cracks when subjected to such rapid 
alterations of temperature as inevitably occur 
when the hot retort is recharged. Modem 
practice with its increased through-puts, larger 
charges and higher carbonising-temperatures, 
has favoured the use of silica. Again, bigger 
section retorts are required, and for these fire¬ 
clay has not the same stamina. As the result of 


continuous observations on horizontal retort 
settings in which the average temperature was 
about 1,050® and the average combustion 
chamber temperature was 1,325°, S. Hay and 
A. Edwards (Gas J. 1927, 180, 538, 612, 808) 
have shown the advantages of using silica 
retorts. 

The shape of the retorts is long and narrow, 
the length being about 20 ft. The shape of the 
cross-section varies, but the majority have a flat 
bottom and circular top and have approximately 
the shape of a half-inverted D, and are 
commonly known as D-retorts, the corners 
between the bottom and the sides being, how¬ 
ever, always rounded to facilitate coke removal 
and to render the retort less liable to crack. The 
cross-sectional dimensions vary, but are usually 
from 21 to 26 in. for the major or horizontal axis, 
and from 15 to 18 in. for the minor or vertical 
axis. The thickness of the retort wall is 3 in., 
increased to 4 in. at the ends to facilitate the 
fixing of the iron mouthpieces and doors. 

From 6 to 12 of these retorts are set hori¬ 
zontally in a brickwork arch, being supported 
by transverse brick walls placed at intervals 
throughout the length of the retort and extend¬ 
ing to the top of the arch enclosing the setting. 
The method of construction is shown in Fig. 1 . 
The gases by which the retorts are heated cir¬ 
culate around the retorts in each of the vertical 
chambers formed by the cross walls, travelling 
first upwards along the inner sides of the retorts 
and thence over the top of the upper retorts 
and down the outer sides to the bottom of the 
combustion chamber whence they are led through 
channels to a recuperator underneath the setting. 
In this recuperator, as wdll be explained later, 
an interchange of heat takes place between the 
waste gases leaving the setting and the air 
entering the setting for the production of, or 
combustion of, producer gas. 

Producers ^—The method formerly adopted for 
heating was that of direct firing, a coke fire 
being maintained in the centre of the setting 
below the retorts. With such firing, the heating 
of the retorts is effected solely by the sensible 
heat of the products formed by the combustion 
of the coke, and in order to maintain all the retorts 






440 


GAS, COAL. 


at the requisite temperature it was necessary 
that the temperatm^ of the hot combustion pro¬ 
ducts should not be below about 1,000® when 
leaving the setting. In addition, considerable 
excess of air was required for complete combus¬ 
tion of the coke and this excess air passed away 
to the chimney at a high temperature. The 
result was a great waste of fuel, the total con¬ 
sumption of coke amounting to 25-30% by 
weight of the coal carbonised. 

Direct firing has been abandoned in favour of 
indirect firing by means of producer gas formed 
from the coke. 



Fig. 1.—Horizontal Retorts, Cross 
Section. 


The original type of producer was a built-in 
furnace with a bar grate having an area of 
about 1 sq. ft. per retort. Its defects were that 
the volume of gas varied considerably according 
to the presence or absence of clinker on the grate, 
and that unless frequently replenished with fresh 
fuel the quality of the heating gas was subject 
to wide variations as the fuel level rose or fell. 
It was also difficult to secure a level top to the 
fuel bed, and, in addition, this type of furnace 
needed chnkering every 1^24 hours with much 
loss of fuel in the process. The next stage in 


development was to remove the bar grate and 
substitute an inclined step grate. This gave 
an area equal to 1-6 sq. ft. per retort, and 
resulted in less clinker formation and less 
variation in the gas. Another advantage was 
that, instead of long period cleanings with con¬ 
siderable changes in furnace conditions, this type 
of grate could be attended to at short intervals 
of 2 hours, the ash and clinker being removed in 
small quantities as formed, and much loss of 
fuel in pan refuse prevented. Still further im¬ 
provements have resulted in a deepening of the 
producer so that the store of fuel between fillings 
ensures a satisfactory fuel bed depth at all times. 
The grate has been widened so that its area is 
now 1-75-2 sq. ft. per retort. As a consequence 
of the larger grate area, clinker formation is 
reduced to a minimum and the w'ork of ash 
removal is not only less arduous, but is effected 
at a lower cost and with less loss of combustible, 
the fuel thus lost being only 10% of the total 
pan refuse as compared with 50% with the bar 
grate. 

A similar type of producer with a somewhat 
larger capacity is used for heating vertical 
retort settings. The producer gas is removed 
below' the top of the fuel bed in this case. 

Producers of the types described are fired with 
freshly produced coke. In horizontal-retort 
practice it is usual to discharge the hot coke 
directly from the retorts into the producer. 
With continuous vertical-retorts the coke is dis¬ 
charged cool, and the producers of this type of 
plant are fed with cold fuel. An internal pro¬ 
ducer of modem typo consumes about 3 cwt. of 
coke per ton of coal carbonised. Where it is 
not practicable, due to the depth available, to 
build producers inside the retort house of a 
sufficient capacity for good working, the pro¬ 
ducers may be constructed outside the retort 
house. Though much of the sensible heat of the 
producer is lost, economies in fuel are effected, 
due to the better and more regular quality of 
the producer gas, which is, at the same time, a 
beneficial factor in the life of the retort. Outside 
producers may be fitted with mechanical grates 
and they open up the possibility of the removal 
of dust from the gas produced which, if it could 
be achieved, would assist in lengthening the life 
of the settings. With this system a cheaper fuel 
is sometimes employed, the gasification of a pro¬ 
portion of fine breeze giving satisfactory results. 

The improvements in producer design de¬ 
scribed above have raised the heating value of 
the gas from about 70 B.Th.U. to 110 B.Th.U. 
per cu. ft. (v. Fuel, this VoL, p. 367). 

Operation of the Setting ,—In brief outline, the 
method of operating the setting is as follows: 
The hot producer gas passes directly from the 
producer to the combustion chamber by means 
of nostril holes at the bottom of each of the 
vertical spaces formed by the cross walls sup¬ 
porting the retorts. As the producer gas enters 
the setting, it is met by the stream of secondaiy 
air necessary for its complete combustion. This 
air is introduced by suitable Hues so arranged 
that a supply of air meets each stream of ^as 
issuing from the nostrils. Complete combustion 
takes place as the streams intermix in their cir¬ 
culation around the retorts. The heat thus 
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evolved raises the temperature of the retorts 
to the required point. 

The waste gases leaving the setting have a high 
temperature since they must be sufficiently hot 
to raise the temperature of the last portions of 
the retort with which they come in contact to 
the carbonising temperature required. If these 
hot waste gases were allowed to pass directly to 
the chimney much loss of heat would ensue. 
Their temperature on leaving the setting is in 
the region of 1,000° and they contain energy 
equal to 60-60% of that produced by the com¬ 
bustion of the producer coke. To effect a partial 
recovery of this heat the waste gases are passed 
through a recuperator. This consists essentially 
of a series of flues adjacent to, and separated by 
a thin brick partition from, a second series 
through which the secondary air flows on its 
way to the setting, travelling in the reverse 
direction to the waste gas stream. Much of the 
heat is thereby transferred to the secondary air 
and thus carried back to the setting, enabling a 
high temperature to be obtained with a lower 
fuel consumption than would otherwise be the 
case. An intermittent method for the recovery 
of heat from the waste gases is in use in the coke- 
oven industry. This is carried out in regenera^ 
torSt in which two sots of chambers are em¬ 
ployed. The hot waste gases being used alter¬ 
nately to heat one set while the air is heated by 
passage through the other set. 

The amount of primary air admitted to the ^ 
producer and of secondary air to the setting is! 
controlled by suitable slides on the ports of i 
admission and by dampers placed at the outlet 
of the recuperators. By their adjustment, not 
only is the total amount of gases drawn through 
the setting controlled, but also the proportionate 
amounts drawn into the different parts. By 
suitable regulation of the primary air slides and 
dampers the requisite quantity of g«is for the 
proper heating of the setting is made. At the 
same time the secondary air slides are adjusted 
to supply as nearly as possible the exact quantity 
of air required for the complete combustion of 
the producer gas. With this method of opera¬ 
tion, fuel consumption is reduced to about half | 
that which would be required with direct firing. | 

Until recent years the heat contained in the i 
waste gases was utilised only to the extent indi-1 
cated above and the gases entered the chimney at I 
a temperature of about 700°. With the object 
of extracting some of this remaining heat energy, 
recovery in steam boilers was introduced and is 
now popular. The earlier installations con¬ 
sisted of an ordinary water-tube or fire-tube 
boiler interposed between the retort bench and 
the chimney. The chimney was still used to 
obtain the neces^ry draught, but was extended 
in height to overcome the effects of the lower 
temperature conditions. It was found, however, 
in view of the comparatively low temperature 
head, as compared with boilers using solid fuel, 
that a specis^y designed boiler was essential, 
and the present horizontal fire-tube boiler was 
evolved. A typical boiler of this form is of, say, 
6 ft. 6 in. diameter, 17 ft. between the tube plates, 
and contains over 280 1| in. diameter tubes. 
With a heating surface of 2,200 sq. ft. such a 
boiler will reduce the temperature of the waste 


gases from 800 to 225°C. and evaporate 626 
gallons of water per hour into steam at 116 lb. 
per sq. in. pressure, superheated to 440°F. The 
efficiency of these boilers is of the order of 60- 
76%. To ensure sufficient draught through the 
settings it is essential to provide an induced 
draught fan, driven either by a steam turbine 
or by an electric motor. Generally, the higher 
the velocity of the gases through the boiler 
tubes the greater is the efficiency of heat trans- 
I ference, but at the expense of higher power costs. 
The point of balance, therefore, requires careful 
! consideration as the proportion of the output 
of the boiler used for this purpose may range 
from 6 to 18%. Where the exhaust steam can 
be utilised to heat the incoming feed water to 
the boiler, a high overall efficiency can be ob¬ 
tained if air infiltration can be maintained at a 
low level, as the steam load on the fan will be 
such that the whole of the exhaust can then be 
absorbed. Waste-heat boilers working on hori¬ 
zontal retort settings are fitted with automatic 
feed-water regulators and are generally provided 
with superheaters. The results obtained by the 
employment of these boilers vary from 600 to 
1,500 lb. of steam per ton of coal carbonised, 
according to the design of the setting. Any 
leakage of coal gas through the retort wall causes 
a high yield of steam. Expressed in terms of 
producer fuel consumed, the steam raised is 
equivalent to 1 •8-4-5 lb. per lb. of fuel. Ex¬ 
pressed as a proportion of the energy in the 
producer fuel the heat in the gross steam re¬ 
covered, i.e. including that used for the induced 
draught, varies from 15 to 45% according to the 
type of setting. The importance of waste-heat 
utilisation in a modem gasworks may be gathered 
from the fact that up to 90% of the steam re¬ 
quirements of a works may be raised by waste 
heat. 

The charging of the coal into the retort and 
the withdrawal of the coke produced were 
formerly effected by manual labour. In all 
works, except the smallest, these operations are 
now carried out mechanically. A number of 
types of machine for this purpose have been 
evolved, but limitations of space preclude any¬ 
thing more than a very general description. In 
the earlier machines the existing manual method 
was closely imitated by mechanical means, the 
charging machine inserting the coal by means of 
a scoop or similar contrivance and the dis¬ 
charger removing the coke by a mechanically 
actuated rake. In a more recent machine a 
stream of coal is projected into the retort, at a 
velocity such that it is carried to a stop placed 
at the far end, and then built up evenly. The 
plan now adopted for coke removal is that of 
mechanically pushing it out from one end. Other 
machines effect in one movement the discharge 
of the coke and the introduction of a fresh charge 
of coal. 

Machine charging makes it necessary that the 
coal does not contain lumps of too large a size. 
It is, therefore, dropped into a coal breaker, 
from which it falls into an elevator and is raised 
above the retort benches by means of a conveyor 
into storage bunkers. 

The weight of the coal charge naturally varies 
with the size of the retort. In conjunction with 
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the increases in ca-rbonising temperatures which Lecture, 1924) has described this alteration 
have taken place in recent years, there has been which takes place in the volume of gas evolved 
a tendency to increase the size of the charge in from the retort and the gradual decrease in the 
the horizontal retort, for it is now realised that calorific value of this gas during the carbonising 
an important condition of coal carbonisation in period, and has conveniently expressed the 
this type of retort is that the largest possible result as shown in Fig. 2. The length, A, of the 
charge of coal should be placed within the retort thermal model represents the time of carboni- 
compatible with the facilities for heating the sation in hours, while the height, B, represents 
coal and with the necessity for providing a free the volume of gas produced per hour and the 
path for the gas to the gas off-take pipe. The breadth, C, the calorific value, 
temperature in the retort varies in different In order to obtain a stream of gas which is 
works from about 900 to 1,250° and the time approximately umform in quality and quantity, 
for the carbonisation of the charge is usually and also to facilitate retort-house working, the 
8-12 hours. retorts are not all charged together, but a cer- 

Immediately after charging, the doors at each tain proportion are charged at regular intervals 
end of the retort are closed and crude coal gas of an hour or two hours, according to circum- 
begins to ascend the off-take or ascension pipes, stances. By this means the coal in the various 
The gas evolved during the first 2 hours is highest retorts is at difl^prent stages in the carbonisation 
both in quality and quantity. For the remainder process at any particular time, 
of the time the volume and quality steadily The coke discharged from the retorts at the 
diminish, and when carbonisation is nearly com- end of the carbonising period is quenched with 
plete the gas evolved consists chiefly of hydro- water and removed from the retort house, 
gen with some methane and carbon monoxide, mechanical conveyors being used for the purpose 
E. V. Evans (Royal Society of Arts, Cantor in modern works. 


Gas rate 
Hours 



Ca/or/fjc f^/ue 


Fig. 2. 


The discharge of hot coke from horizontal 
retorts at a temperature of about 1,000° and its 
subsequent quenching represents a heat loss 
equivalent to about 25% of the heat generated 
in the producer. Attempts have been made to 
convert this heat to some useful purpose. The 
method employed in one of these is to place the 
hot coke in a vessel forming part of a boiler in¬ 
stallation, and inert gases are circulated in such 
a way that heat is transferred from the coke to 
the boiler water. In Table V (T. Hardie, J. Inst. 
Fuel, 1927, I, 1) is shown the distribution of 
heat energy obtained in normal horizontal-retort 
carbonisation with modem plant, but without 
taking into account the increases that can now 
be obtained by absorbing the heat energy wn- 
tained in the products and in waste heating- 
gases leaving the settings. 


Table V. —Cabbonisation of Coal, 
Horizontal Retorts. 

B.Th.i;. 


Potential energy in coal: 

1 ton at 13,400 B.Th.U. per lb. . 30,016,000 


B.Th.U. 

Products of carbonisation: 

Gas, 13,160 cu. ft. of 545 B.Th.U. 7,172,200 
Tar, 9-35 gallons at 18,.500 B.Th.U. 

per gallon. 1,729,750 

Coke and Breeze, 14-5 cwt. at 
12,284 B.Th.U. per lb. . . . 19,950,000 

Heat in combustible products, neg¬ 
lecting ammonia, retort carbon, 

etc. 28,861,960 

Thermal efficiency of conversion 
=96%. 


Products used on works in process : 

Coke for heating retorts, 3 cwt. at 
12,600 B.Th.U. per lb. . . . 4,200,000 

Breeze for obtaining power, 1 cwt. 
at 10,000 B.Th.U. per lb. . . 1,120,000 

Total heat used on works . . . 5,320,000 
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Products for sale to public ; 

Gas, 13,160 cu. ft. at 646 B.Th.U. . 

Tar, 9*35 gallons. 

Coke 10-25 cwt. at 12,600 B.Th.U. 

per lb. 

Breeze, 0-25 cwt. at 10,000 B.Th.U. 
per lb. 


23,631,950 

Commercial efficiency of process 
^-^ 78 - 4 %. 

Note .—If all power is derived from waste-heat steam, 
then li cwt. of breeze are available for sale and the 
elBclency becomes 82*5%. 

Inclined Retorts. —In this type of setting, 
which is obsolescent, the retorts are inclined at 
an angle in order to utilise the action of gravity 
for charging and discharging purpose.s. The 
inclined setting is relatively costly to install 
and has usually a shorter life than a horizontal 
setting. In addition fuel consumption is higher. 

Carbonisation in Vertical Retorts.— 
Carbonisation in vertical retorts has become in¬ 
creasingly popular during the past 20 years. 
Among the attractions of this form of carbonisa¬ 
tion may be mentioned the successful utilisation 
of gravity for charging and discharging—without 
at the same time incurring certain drawbacks 
inherent in the inclined retort—and the ability 
to produce simultaneously a proportion of water 
gas within the retort by the introduction of 
steam. This form of carbonisation also elimi¬ 
nates disadvantages associated with a large free- 
space above the coal charge. Furthermore, the 
water-gas formation in the lower part of the 
retort reduces heat losses in the discharged coke 
and assists in the removal of coal gas from the 
hot zones, thereby protecting it against degrada¬ 
tion. In modem vertical retort installations it 
is the practice to recover sensible heat from the 
waste gases as steam, not only for use in the 
retorts but also for generation of power required 
for driving all the auxiliary plant. These factors 
contribute to make vertical retort practice an 
efficient method of coal carbonisation. 

IrUermittent Vertical Retorts .—^The vertical 
retort, as originally introduced at the beginning 
of the century, was designed for intermittent 
carbonisation. That is to say, previous practice 
was adhered to, in so far that the coal is charged 
all at once into the retort from an overhead 
hopper and allowed to remain there until car¬ 
bonisation is complete, when the coke is dis¬ 
charged by gravity and the retort refilled with 
fresh coal. 

The Dessau vertical retort system, patented 
by Bueb (B.P. 1393,1904), represents this type. 
The retorts are either 4 or 5 metres in length, 
having an oblong cross-section with rounded 
comers and are tapered, increasing in size from 
top to bottom to facilitate the discharge of the 
coke. 4, 6, 8, 10 or 12 retorts are set in rows of 
two in a setting, each setting being heated by gas 
fmm a separate deep producer capable of being 
filled much above the point at which the producer 
gases are drawn off, so that it may run for 24 
hours without rechaiging. The recuperators are 
arranged on each side of the producers. Fig. 3 


gives a vertical section of such a setting and 
producer, showing the general arrangement of 
the plant. 

As the thickness of the charge is greatest at 
the bottom, the highest temperature is main¬ 
tained at this point, with a rather lower tempera¬ 
ture in the upper portions where the thickness 
of the charge is less. The result of this arrange¬ 
ment is that, even at high temperatures, not 
only is a large yield of gas obtained, but at the 
same time the tar formed is very fluid and only 
contains a small percentage of “ free carbon,” 
The naphthalene production is lessened, and 
that of the lower-boiling tar constituents in¬ 
creased, with the result that the naphthalene is 
sufficiently completely removed from the gas in 
the ordinary process of condensation without the 
adoption of any special treatment and, at the 
same time, the amount of sulphur obtained in 
the form of carbon disulphide is reduced. The 
yield of ammonia is higher, and the coke pro¬ 
duced is harder and denser than that formed 
from the same coal in horizontal retorts. These 
variations are evidence of the fact that less 
secondary decomposition of the products evolved 
from the coal charge takes place. Two factors 
are concerned in this, not only is the free space 
above the surface of the coal reduced to a 
minimum, but also there is a path of escape for a 
portion of the products through the cool central 
core of uncarbonised or partly carbonised coal, 
thus avoiding the hot outer layer of coke and 
the retort walls. 

J. S. Thorman (Trans. Inst. Gas. Eng. 
1930-31, 364) has described an installation of 
intermittent vertical chambers which are built 
of silica throughout their heated height of 
19 ft. 6 in., are rectangular in plan, have a major 
axis of 10 ft. at the bottom and have a uniform 
taper from bottom to top of the minor axis to 
ensure unaided discharge of the coke. The coal 
capacity of each chamber is 3-6 tons. Labour 
and maintenance costs are low with this type 
of plant, which has the flexibility regarding gas 
quality and output characteristic of intermittent 
carbonisation. The calorific value of the gas 
produced is determined by the carbonisation 
period and the time during which the charge is 
steamed. 

Continuoiis Vertical Retorts .—The object aimed 
at in this sytem of carbonisation is not only to 
avoid an excessively heated free space above the 
coal, but also to render the process a continuous 
one by the addition of mechanical arrangements 
whereby the coke is withdrawn continuously 
from the bottom of the retort, fresh coal being 
added to the retort at the top to replace the coke 
withdrawn. In this way the coal travels slowly 
down the retort undergoing gradual conversion. 
The conditions in the retort, therefore, remain 
approximately constant, and the quantity and 
quality of the gas evolved remain fairly constant, 
as distinct from the conditions in the inter¬ 
mittently-charged retort where there is a falli^- 
off in both quauty and quantity as carbonisation 
proceeds. 

The constant movement of the charge throi^h 
the retort modifies the conditions of carbonisa¬ 
tion. As with the intermittent retorts, the heat 
penetrates the mass of coal from the periphery 


B.Th.U. 

7,172,200 

1,729,750 

14,350,000 

280,000 
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and travels inwards, but as the coal is moving 
constantly downwards, the uncarbonised coaJ 
takes the form of a cone, the base of which is at 
the top and the apex at a point about two-thirds 
of the length of the retort below. Some of the 
gas formed escapes through this core of uncar¬ 
bonised coal, the remainder passing through the 
surrounding hot coke. The free space at the top 
of the retort is small. 

The continuous system of carbonisation has 
been worked out chiefly in this country. In the 
early years of this century results were obtained 
with the Settle-Padfield continuous vertical i 
retort (B.P. 12652, 1902; 24588, 1903), which! 


showed the possibilities of this form of carboni¬ 
sation. This was followed by others, notably 
the Woodall-Duckham (B.P. 16497, 1903 et 
»eq.) and the Glover-West (B.P. 23650, 1906 et 
seq.). These two systems in their modem forms 
will be described in brief outline. 

In the Woodall-Duckham system the silica 
retorts are rectangular in section and tapered. 
Each bench of retorts is heated by a number of 
outside producers, the producer gas being taken 
to the bench by a distributing main and burnt 
in vertical flues at the sides of the retorts. By 
means of a second air supply, combustion can 
take place at two levels. Each retort constitutes 



Fig. 3.—Intermittent Vertical Retort. 


a separate unit inasmuch that it has its own pro- at the base of each setting, supply gas to several 
ducer gas, secondary air and waste-gas dampers, horizontal chambers, one above the other, for 
a factor which makes for flexibility of output, heating the retorts which pass through the 
The waste gases are collected and taken directly chaml^rs. In this system the retorts are heated 
to the waste-heat boiler. The secondaiy air is mofi^ highly in the lower portions, the tempera- 
pre-heated by circulation around the base of ture decreasing towards the top of the retort, 
the retorts before rising to the combustion zone round which the heating gases are circulated 
through the flues. Steam for gasification and before passing to the waBtc^;gas flues. Steam is 
coke cooling is admitted to the coke extractor admitted to the coke chambers for coke cooling 
chambers ^ at the bases of the retorts. Heat and gasification. No recuperators are employed, 
economy is facilitated by careful attention to the waste gases passing to collecting flues, 
lagging. The waste-gas mains and the producer whence they are drawn through waste-heat 
gas mains are lined with insulating bricks and boilers and discharged to the air. The setting is 
the side walls and the top of the bench are also cased in insulating bricks, and the waste-gas flues 
.... l^tween the settings and the boilers are brick- 

Ine Glover-West retort is elliptical in cross- lined and lagged. The step-grate producers 
section. The producers, which are built in, one have no doors at the grate, regulation being con- 
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trolled by dampers at the entrance to each heat- such as heat transfer from the retort bases or 
ing chamber. Fig. 4 illustrates a continuous by circulation through hollow walls of the setting, 
vertical retort setting. In this way heat is transferred to the air which 

In the continuous system it is possible and would otherwise be lost with the coke or by 
convenient to make efficient use of the sensible radiation from the setting. Operation in this 
heat of the coke by inserting a steam jet at the way more than doubles the steam yield. Up to 
base of the retort. The steam extracts heat 1,500 lb. of steam per ton of coal carbonised can 
from the coke, reducing its temperature to about bo obtained from waste heat with vertical 
300®C., and simultaneously forms water gas, retorts. After allowing for the induced draught 
thereby increasing the make of gas per ton of fans, sufficient steam is available, subject to a 
coal. This steaming process can be extended level load factor, to supply the works’ demands, 
to 20% of steam, but the first 5% of steam (ex- In addition, there is sufficient steam to meet the 
pressed as a proportion of the charge weight) steam requirements for injection into the retort 
requires no additional consumption of retort- and then leave a surplus. The recovery of the 
heating fuel for its decomposition, 


and results in an increased yield 
of gas approximating to 10 therms 
per ton of coal. 

For the ideal reaction to take 
place successfully, the temperature 
of the reacting substances must be 
maintained at a minimum of 
1,000°C. otherwise the following 
reaction also appears to take place : 
C-{-2H20 = C02+2H2. Thisleads 
to the introduction of COj into 
the gas stream, a condition ob¬ 
viously to be avoided. Further¬ 
more, if the temperature is not 
sufficiently high, only part of the 
steam is decomposed and the re¬ 
moval of valuable heat by un¬ 
decomposed steam causes undesir¬ 
able complications. The heat 
required to raise the steam to the 
optimum reaction-zone tempera¬ 
ture is obtained from the coke 
prior to discharge, an operation 
which combines heat regeneration 
with dry quenching of the coke. 

It may be mentioned here that 
attempts have been made from 
time to time to apply steaming to 
horizontal retorts, but up to the 
present it has not been generally 
adopted. Experiments show that 
for effective operation it is necessary 
to have a path above the charge, a 
tight retort and superheated steam. 
The quality of the coal greatly 
influences the results. A discussion 
on the economics of steaming in 
horizontal retort practice has been 
given by G. L. Braidwood (Gas J. 
1936, 212, 701) who emphasises 



Fio. 4.—Continuous Vertical Retort Setting. 


the importance of local conditions. 

From the thermal view-point the continously 
operated vertical retort is highly efficient. This 
will be apparent when it is realised that, com¬ 
pared with the horizontal retort, the temperature 
of the coke discharged is about 1,360®F. lower, 
and the temperature of the volatile products 
leaving the retorts is about 200°F. lower. In 
addition there is reduced radiation from the 
bench in consequence of the smaller surface area 
for a given through-put capacity of the plant. 
Modem practice is to eliminate recuperators and 
pass aU the waste gas directly to the waste-heat 
boiler. 

Air pre-heating is arranged from other sources, 


heat from waste gases has already resulted in the 
release for sale of large quantities of coke and 
breeze previously used on the works for steam 
raising. Waste-heat recovery is discussed by 
W. Gregson (Trans. Inst. Gas Eng, 1934-36, 84, 
934). 

Emphasis has already been laid on the import¬ 
ance which must be attached to the effects 
resulting fi^m the secondary decomposition of 
the primary products of carbonisation within 
the retort. The treatment to which these 
primary products are subjected in the vertical 
retort are less severe than is the case within the 
horizontal retort, where cracking conditions 
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reacb a maximum when the retort is operated 
with light coal charges, i.e. with a large free 
space above the retort. The tar produced in 
vertical retorts is thin and contains little “ free 
carbon.” Naphthalene production is at a 
minimum and carbon disulphide formation is 
reduced. Carbonising conditions are also re¬ 
flected in the composition of the benzole in the 
gas. Table VI shows analyses of benzoles 
extracted from gas made in (1) horizontal retorts 
with a light coal charge, (2) horizontal retorts 
with a heavy coal charge, and (3) continuously 
operated vertical retorts. 

Table VI. 



1. 

2. 

3. 

Weight of coal charge (lb. 




per cu. ft. of retort space) 
Spirit per cu. ft. of gas (c.c.) 
Unsaturated hydrocarbons 
as shown by loss on acid 

28-6 

37-0 

— 

0'790 

0-838 

— 




washing. 

4 •20 

4-40 

20-84 

Carbon disulphide . . 

1-29 

0-79 

0-43 

Paraffins. 

2-10 

4-39 

2005 

Benzene . 

77-75 

68-63 

29-.56 

Toluene. 

10-44 

14-43 

9-50 

Xylene (to ISS") 

1-34 

2-32 

510^ 

Kesidue. 

1-92 

3-44 

13-21 

Loss during analysis 

0-96 

1-60 

1-31 


^ To 150". 


A high proportion of unsaturated hydrocar¬ 
bons, of paraffins and of the higher aromatfr 
hydrocarbons reflects the less drastic conditions 
within the vertical retort. 

Carbonisation in Coke Ovens. —^Attention 
has recently been paid, notably in Germany and 
the United States, to the carbonisation of coal 
for gas-making purposes in chambers of larger 
capacity and more in accordance with metal¬ 
lurgical coke-oven practice {see Coke Manu¬ 
facture, Vol. in, 260). Where ordinary gas 
coal is used, the results so far as the quality of 
gas, tar and ammonia are concerned do not 
differ materially from those obtained with inter¬ 
mittent vertical retorts. In so far as this country 
is concerned, it has been shown by E. G. Stewart 
(Gas. J. 1930, 190, 764) that coke ovens can be 
and are being successfully operated with pro¬ 
ducer-gas firing on gasworks, but that their 
economic usefulness is limited to the largest 
works. All charges connected with labour, 
quenching plant, coke wharf, coal plant, bunker, 
etc., increase as the size of the unit is diminished. 
Stewart {l.c,) gives the following comparison to 
show costs of gas making : 

Per therm. 

Coke ovens, 1,200 tons j)er day . l*804d. 

Continuous verticals, 646 tons per 
day.l-816d. 

Horizontals 480 tons per day. . 2*099d. 



Fig. 6.—Self-Seaung Mouthpiece. 



When the daily capacities of the installations 
are taken into account, the continuous vertical 
retort is shown to be the cheapest. 

A definite outlet for the dense type of coke 
produced is necessary. Oven coke is suited 
to large central heating stoves and to other 
appliances commanding a good draught. It has 
the advantage of a low ash content and has the 
ability to withstand transport and storage with¬ 
out breeze production. The use of the open 
grate and the rapid rise in popularity of the 
small coke-boiler has created a general pre¬ 
ference for a more easily combustible coke. In 
consequence, coke of the character produced 
by the horiaontal retort and, to a greater extent 


still, by the continuous vertical retort has been 
in demand in recent years. 

Any examination of the extensive literature 
on coal carbonisation should include the 
reported investigations of the Fuel Research 
Board. 

Treatment of the Hot Gases Issuing from 
the Retorts. —The horizontal retort is fitted 
with cast-iron mouthpieces having a hinged lid, 
which can be opened for the purpose of dis¬ 
charging the coke and putting in a fresh charge 
of coal and then closed so as to form a gas-tight 
joint. An illustration of a mouthpiece in 
common use is shown in Fig. 5. In the top of 
the mouthpiece is cast a socket, into which is 
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fixed a vertical pipe of from 4 to 8 in. diameter prevent access of air during those times when 
termed an ascension pipe extending upwards the retorts are being charged. These dip pipes 
above the brickwork of the setting. By this and so-calledbe discussed below, 
means the gas is led into the collecting main by In the case of the vertical retort, the gas is led 
way of a seal or valve designed primarily to from the top of the retort to the collecting main 



Fiq. 6.—^Dillamobe Tab To web. 


in a similar way. A pipe in the top or side of namely, the hydraulic main and the dry main. 
the collecting main conveys the crude gas into In the hydraulic main the tar and liquor con- 
the foul main which takes it from the retort densed from the gas at this point are allowed to 
house to the condensing and purifying plant. accumulate to such an extent that the dip pipes 
Two types of collecting main are in use, are sealed in the liquid, this seal then forming an 
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automatic v&lve, which allows the gas from the 
retort to bubble through it into the collecting 
main, but prevents any gas getting back from 
that main when the retort lid is open. Where 
the hydraulic main is employed, it is usual to 
adopt means whereby the tar and ammoniacal 
liquor which separate in that main are drawn 
off separately.. The tar is taken away from the 
bottom as it separates, while the liquor flows 
away from an overflow, the height of which can 
be regulated as desired, the object especially 
aimed at being to ensure that the dip pipes are 
sealed in liquor and not in tar or varying mix¬ 
tures of tar and liquor. On some works the 
Lillamore tar tower, shown in Fig. 6 , is in use. 
This is placed at the end of a bench of retorts 
as shown and serves a number of beds. The tar 
pipe runs from the bottom of each hydraulic 
main to about the middle of the tower, whilst 
the lighter ammoniacal liquor flows from a side 
opening near the upper level of the liquid in the 
hydraulic main to the top of the tower. The 
latter is also connected by an equilibrium pipe 
to the top of the hydraulic main, or foul main, 
the gas pressure in each being thus maintained 
the same, under which circumstances the upper 
level of the liquid is the same in both. The 
condensed liquor flows from the top of the tower 
over a weir valve, the height of which can be 
regulated to give any required depth of seal in 
the hydraulic main. The tar accumulates in the 
bottom of the tower, displacing an equal volume 
of liquor, which flows away over the weir valve, 
and is run off periodically, care being taken that 
its upper level never rises above the level at 
which the tar enters the tower. Whilst running 
the tar off, liquor must be run in from a tank to 
the top of the tower at a greater rate than that 
at which the tar is run off, as otherwise the level 
of the liquid in the hydraulic main would fall, 
unsealing the dip pipes. A disadvantage of the 
Dillamore tower is that the depth of seal varies 
with any sagging of the main. 

Sealed mains are fairly common in horizontal 
retort practice. The alternative method of 
operation is more usual with dry, i.e. unsealed 
mains, and is usual in vertical retort practice. 
With this latter type of main the dip-pipes are 
not sealed in the liquid during the gas-making 
period, and means must be adopt^ for dis¬ 
connecting the retort from the foul main at 
times of charging. Fig. 7 illustrates one method 
in use for this purpose. It consists essentially of 
a double pipe, the outer sleeve of which can be 
lowered into the liquor to seal the main when 
required. 

Unsealed mains, as distinct from sealed 
hydraulic mains, may be used with all types of 
carbonising plant. 

In order that the liquor may dissolve the 
ammonium chloride from the gas and also cool 
the gas sufficiently to prevent the deposition of 
tar as pitch, it is necessary that the liquor should 
have the necessary degree of contact with the 
gas. With horizontal retorts having sealed dip- 
pipes, this is obtained by the gas bubbling 
through the seal. In other cases, where no seaU 
are provided, liquor must be sprayed into the 
gas. 

In those types of plant in which the gas enters 


the hydraulic main at a high temperature (600- 
600®), e.g. intermittent vertical retorts and coke 
ovens, considerable evaporation of the cir¬ 
culating liquor into the gas takes place. It is 
through the agency of this that the gas is rapidly 
cooled and pitch deposits are prevented. In 



Fio. 7 .—Hydeaulio Main and Anti- 
Dip. ^ 


such systems it is especially important that the 
circulating tank be provided with an adequate 
make-up of liquor returned from the condensers, 
so as to keep the ammonium chloride content 
of the circulating liquor below about 7 g. 
NH 4 CI wr 100 o.c. of solution. 

For the satisfactory running of the retort 
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house it is essential that the gas pressure in the 
retort and in the hydraulic or dry main should 
be under complete control. If the pressure 
within the retort is allowed to become sub¬ 
stantially greater than that in the combustion 
chamberr surrounding it, gas tends to escape 
through cracks in the retort walls and is burnt 
around the setting and lost. Analyses of waste 
gases may, in fact, be used for calculating the 
thermal equivalent of a coal gas leakage through 
the retort wall, as has been shown by H. HoUinge 
{ibid. 1928, 128, 924). Again, if the pressure 
within the retort becomes materially lower than 
that within the setting, waste gases, consisting 
chiefly of carbon dioxide and nitrogen, are 
drawn into the retort and lower the quality of 
the gas by dilution. 

A considerable pressure is required to push the 
gas through the condensers, scrubbers and puri¬ 
fiers and into the holders. Therefore, in all but 
very small works, a pump or exhauster is em- 
})loyed to draw the gas from the retorts as it is 
made and to force it through the subsequent 
apparatus and into the holders. 

In addition an automatic retort-house 
'governor is employed to ensure a constant ])ull 
an the hydraulic main, w^hatever the volume of 
•gas leaving the retorts. At the same time the 
•governor reduces the intensity of the vacuum 
<;reated by the pull of the exhauster. Retort- 
house governors are of two types : (a) the bell 
type, and {b) the relay type. In the first a 
jsystem of air floats is employed inside a holder 
bell, regulation being obtained by direct loading 
on tlie bell. In the second a method of counter¬ 
balance is lifted, no air floats being employed. 
For a detailed description of retort-house 
governors reference ahould be made to G. Dougill 
(Inst. Gas Eng. Comm. 1937, No. 173). 

Gas enters the condensers from horizontal 
retorts at a temperature of about 130®F. With 
continuous vertical-retorts the dew-point is 
about 100°F., and with intermittent vertical- 
retorts and coke ovens 170®F. The high dew¬ 
point in the case of continuous vertical-retorts 
i.s due to steaming the retorts. The higher dew¬ 
point in the case of intermittent vertical-retorts 
and coke ovens is due to liquor re-evaporated 
from the circulating systems, consequent upon 
the high temperature at which the gas leaves 
the chambers. | 

Chemical Changes Occurring During 
Carbonisation. 

'The ultimate analysis of coal shows it to con-1 
isist essentially of the elements; carbon, hydro- 
:gen, oxygen, nitrogen and sulphur which are 
•combined together in complicated polynuclear 
»aromatic (benzenoid) structures (v. Fuel). In 
the manufacture of coal gas these complex com¬ 
pounds are broken down by therm^ decom¬ 
position to simpler substances. The products 
with the simplest molecular structure are found 
in the gas, while the more complex substances 
iare found in the tar, liquor and coke, the chief 
by-products of the carbonisation industries. 

The following analysis of a t3rpical Durham 
jgas coal, washed fairly free from other sub¬ 
stances, gives some idea of the ultimate com- 
VoL. V.—29 


[ position of the coal—carbon 81 *64%, hydrogen 
6-01%, oxygen 5*78%, nitrogen 1*71%, sulphur 
0*91% and ash 3*60%. Although carbon, hydro¬ 
gen, oxygen, nitrogen and sulphur arc the main 
elementary constituents of coal, other elements 
capable of yielding volafilc carbonisation pro¬ 
ducts may be present in small quantities: 
chlorine, phosphonis, germanium and arsenic 
are often to be found in coal together with 
fluorine, antimony, selenium and boron. Among 
elements present in coal ash, iron, aluminium, 
silicon, c'aicium and magnesium predominate, 
but traces of other elements such as gallium, 
vanadium, Iwron, cobalt, nickel, zirconium, 
zinc, moiydeniini, yttrium, silver, indium, thal¬ 
lium, cerium, lanthanum, antimony, tin, lead 
and bismuth have been identified. 

The Action of Heat on Coal : Primary 
Decomposition of Coal. —The thermal decom¬ 
position of coal appears to begin between 290 
and 350°C!. although water and occluded gases 
may be evolved below these temperatures and 
some alteration of internal chemical structures 
may occur. The first decomposition products 
are w^ater, carbon monoxide and carbon dioxide, 
but between 300-350'’C. the evolution of hydro¬ 
gen and hydrocarbons, many of which condense 
to oily tarry liquids, increases conside^ablJ^ At 
temperatures of 2(X)-300°C. the decomposition 
of sulphur compounds forms hydrogen sulphide : 
the evolution of ammonia from the nitrogenous 
com])ound8 appears to take place above 300‘^C. 
while the greater part of the oxygen originally 
present in the coal appears in the products 
obtained below 500''C. 

The initial decomposition is accompanied by a 
fusing or softening of the coal to form a “ plastic 
layer.” This plastic layer is a bad conductor 
of heat and a barrier to the passage of gases. 
Gases are formed, however, in the plastic layer 
and escape in the direction of least resistance, 
the frothing of the plastic layer causing the 
cellular appearance of the residual coke. The 
formation of the plastic Jaycr is, in fact, a 
characteristic of what is termed ^ “ cqking ” 
coal. Non-coking coals yield, under the actioir 
of heat, volatile products similar to those obtained 
from coking coals, but as no plastic layer is 
formed the residue is either a powder or has 
the same appearance as the original coal. 

It has been claimed that as much as 70% of 
the original coal substances may be decomposed 
IkjIow 500®(h and that the formation of free car¬ 
bon begins at this temperature. Such decom¬ 
position is usually termed the primary decom¬ 
position of coal. 

The primary decomposition of coal is best 
studied by distillation m vacuo because there is 
less probability of secondary changes occurring. 
Such treatment has shown that hydrogen is a 
product of the primary decomposition of coal 
and that the substances obtained in the solvent 
extraction of coal are decomposition products 
as they are similar to the tars produced by these 
vacuum distillations. ” Primary ” tars of a 
similar character are produced by heating coal 
at temperatures below 600°C. under atmospheric 
pressure. They contain naphthenes and hydro- 
aromatics, olefins, phenol, oxygenated com¬ 
pounds and many complex substances which 
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are benzenoid in structure but rather more com¬ 
plex than benzene itself. 

Low Tempeeatobe Carbonisation. —When 
coal is heated in absence of air at temperatures 
of 600~600°C. the products obtained are largely 
the results of primary decomposition.' The 
yields of products per ton of bituminous coal (c/. 
Fig. 8) are of the following order: gas^ 30-40 


therms or 4,000-6,000 cu. ft. of calorific value 
600-800 B.Th.U. per cu. ft.; liquid, 15-20 
gaUons of liquid which consist mainly of un¬ 
saturated paraffin or naphthene hydrocarbons, 
tar acids and bases, and from which about 3 
gallons of light spirit can be obtained; and solid, 
semi-coke, 15 cwt. The composition of the tar 
and aqueous products from low-temperature 



FINAL PRODUCTS ILLUSTRATIVE OF 
LOW TEMPERATURE CARBONIZATION 



FINAL PRODUCTS ILLUSTRATIVE OF 
HIGH TEMPERATURE CARBONIZATION 
Fig. 8. 


carbonisation has been studied by G. T. Morgan 
and his oo-workers (J.8.C.I. 1935, 64, 19T., etc.) 
who have shown that phenols and anthracene 
occur in the products of carbonisation at tem¬ 
peratures as low as 450'^C. It would appear that 
their work confirms the benzenoid structure of 
coal and correlates with the work of Pictet (Ann. 
Chim. 1918, 10, [ix], 249, etc.), and of Juettner 


and Howard (Ind. Eng. Chem. 1934, 26, 1115, 
etc.), on the vacuum distillation of coal. 

Work is still proceeding all over the world on 
the subject of the thermal decomposition of coal. 
The complexity of the problem and the methods 
used by various research workers have been 
summarised by H. H. Lowry (J. Inst. Fuel, 1937, 
10, 292). 
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Skoondaby Decomposition. —The process of 
coal carbonisation for the manufacture of coal 
gas is based on the secondary decomposition of 
the substances formed by the primary decom¬ 
position of the coal. Fig. 9 shows a cross-section 
of a horizontal retort. The combustion chambers 
round the retort are usually maintained in 
modem practice at a temperature of about 
1,350°C. At the end of a carbonisation the 
temperature just inside the walls at the crown 




Fig. 9.—Sections of Horizontal Retort 
AND OF Continuous Vertical Retort. 

of such a retort (t.c. at point B) may be about 
1,160°C. After charging with fresh coal this 
temperature falls to about 800®C. and then in¬ 
creases by about 30°C. per hour. The tempera¬ 
ture of the inner mass of coal rises slowly because 
the coal and the plastic layers are bad con¬ 
ductors of heat. The temperature of the coal 
at the point A, for example, may be only 400°C. 
some hours after charging the retort—such coal 
will undergo primary decomposition but the 
products of this decomposition can only escape 
through the hotter outer layers of the carbonising 


mass and along the crown of the retort, where 
they wiU be subjected to secondary decom¬ 
position. All products except those formed near 
the ascension pipes, which escape with a mini¬ 
mum of secondary decomposition, will undergo 
a secondary decomposition at temperatures 
ranging from 800 to 1,100°C. ‘ 

The plastic layer will gradually work toward 
the centre of the charge and coking should be 
complete at the end of the caibonising period. 
The latter varies with the size of the retorts but 
is usually 8, 10 or 12 hours. 

The conditions in continuous vertical-retorts 
are a little different. As cold coal is fed con¬ 
tinuously into the top of the retorts there is a 
cone, as shown in Fig. 9, of lower temperature 
within the retort and the plastic layer will be 
almost stationary. The primary products of 
decomposition evolved at the top of the cone 
will escape without much further degradation, 
but substances formed lower down will have to 
pass either through the coke or through the coal. 
In the former case they will be subjected to a con¬ 
siderable amount of secondary decomposition. 
In general, the cracking conditions are not so 
severe as in horizontal retorts although attempts 
have been made to control cracking in vertical 
retorts by providing an empty cracking zone at 
the top of the retorts. The secondary decom¬ 
position conditions in intermittent vertical re¬ 
torts and coke ovens appear, in general, to be 
intermediate between horizontal and continuous 
vertical-retorts. 

It will be seen therefore that the process of 
high-temperature carbonisation will yield a 
variety of products. Some of these wiU bo the 
products of primary decomposition, but the 
majority will have been subjected to a process 
of secondary decomposition at temperatures in 
excess of 800°C. In consequence the rates of 
thermal decomposition of hydrocarbons and the 
equilibrium conditions existing at temperatures 
above 800°C. become of interest. 

Thermal Equilibrium Conditions at High 
Temperatures. —The thermal-equilibrium con¬ 
ditions for hydrocarbons at temperatures above 
750°C. indicate that only methane and, to a 
smaUer degree, ethylene are appreciably stable. 
Other hydrocarbons decompose rapidly to yield, 
eventually, methane and ethylene. Studies of 
the composition of the gaseous products of high- 
temperature carbonisation have shown that the 
concentrations of hydrocarbons are of the foUow- 
ing order: methane 24%, ethylene 2%, vapours 
of benzene and other Uquids 1%, ethane 0*8%, 
with concentrations of less than 0-2% for other 
hydrocarbons such as propane, propylene, 
butane, acetylene and butylene. It is apparent, 
however, that the yield of methane in high- 
temperature carbonisation is greatly in excess 
of the thermodynamic requirements for the 
equiUbrium CH4^C+2Hj. At 1,000°C. 0-8% 
CH4 is sufficient for this eqfiiilibrium, but it has 
been shown that the decomposition of methane 
proceeds by a series of steps through ethane, 
ethylene and acetylene, and that, owing to the 
retardation of the decomposition of the acety¬ 
lene by hydrogen, larger amounts of methane 
are obtained. It would appear that the equili¬ 
brium 2CH4^C2H,i-f-3Hj is maintained with 
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a very little acetylene and that in consequence 
larger amounts of methane remain undecom¬ 
posed so that at 1,0{K)°C., for example, 20% of 
methane is stable. Equilibrium conditions are 
more quickly reached at higher than at lower 
temperatures, and there are some grounds for 
believing that, apart from equilibria involving 
carbon, conditions appertaining to the various 
hydrocarbon equilibria exist in the retorts. 

G. Egloff, “ The Reactions of Pure Hydro¬ 
carbons,” (Reinhold Publishing Corporation, 
1937), has reviewed fully the present state of 
knowledge with regard to the thermal decom¬ 
position of various hydrocarbons. The original 
tentative suggestions of Rone and Coward and 
others (J.C.S. 1908, 93, 1197, etc.) as to the 
fleeting existence of free radicles such as CHg, 
CHg, C^H^, etc., have been shown to be correct 
by Paneth (Ber. 1929, 62 [B], 1135, etc.). Rice 
and others (J. Amer. Chem. Soc. 1931, 53, 1958, 
etc.), and there can be little doubt that such 
radicles play a part in the establishment or 
partial establishment of various equilibria in the 
retorts. 

The formation of the simpler aromatic-hydro¬ 
carbons in the retorts, particularly of benzene 
and toluene, is of interest in view of the fact that, 
in general, the more severe the cracking con¬ 
ditions the greater is the yield of these hydro¬ 
carbons. Benzole obtained from carbonisation 
in horizontal retorts is richer, for example, in 
aromatic hydrocarbons than is l)enzole obtained 
from vertical-retort systems. The formation 
of the bulk of these aromatic hydrocarbons 
appears to be the result of secondary and not 
primary decomposition. Many workers since 
Berthelot have shown that benzene and other 
aromatic substances can be produced from 
simpler aliphatic or phenolic compounds, and 
Wheeler, Wood and others (J.C.S. 1930, 1819) 
regarded the formation of some of the aromatic 
hydrocarbons as proceeding in the following 
stages, ethylene -> butylene -> butadiene aro¬ 
matics. 

Besides the equilibria existing between various 
hydrocarbons and hydrogen, other equilibria 
are of importance. In view of the modem 
practice of steaming the hot coke in the retorts 
in order to form water gas, the equilibrium 
COa+Hg^CO+HjjO has become increasingly 
important. In order to obtain a maximum of 
hydrogen and carbon monoxide and a minimum 
of carbon dioxide the temperature of the coke 
should be as high as possible {see Gas, Water). 

High-Tempebature Carbonisation. —^It has 
already been seen that high-temperature car¬ 
bonisation is based on the secondary decom¬ 
position of the products of the primary decom¬ 
position of coal. The yields of the various 
substances resulting from the high-temperature 
carbonisation of 1 ton of bituminous ash-free 
coal are compared with the products of low- 
temperature carbonisation in Fig. 8 {cf. E. V. 
Evans, Gas World, 1928, 139, 205; S. Pexton, 
J. Inst. Fuel, 1937, 8, 201). Stage 1 represents 
the primary decomposition of the coal, stage 2 
the mild secondary cracking of the tar and 
stage 3 the more severe secondary decom¬ 
position of the tar together with the removal of 
35 therms remaining in the semi-coke to give a 
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total of 85 therms in the gas and 20 therms in 
the tar. 

For a coal containing 8% of ash and moisture 
the normal complete yields of high-temperature 
carbonisation are approximately 75 therms of 
gas (e.g. 13,400 cu. ft. of gas of calorific value 
660 B.Th.U. per cu. ft.), 18*6 therms of tar {e.g. 
11 gallons), 16 gallons of ammoniacal liquor, 
2 g^ons of benzole and 14 cwt. of coke. Many 
other by-products such as ammonium sulphate, 
naphthalene, anthracene, pitch, sulphur, ben¬ 
zene, toluene, phenol, etc., are finally obtained. 
The yields of the various gaseous products during 
the carbonisation were summarised by E. V. 
Evans (Royal Society of Arts, Cantor Lectures, 
1924), who advocated the use of thermal models 
such as that shown in Fig. 2 to show the changes 
in thermal yield and composition of the gas as 
the carbonisation proceeded. 

In the process of high-temperature carboni¬ 
sation it is essential that the secondary decom¬ 
position should not result in what is termed over- 
cracking. If methane is decomposed to carbon 
and h3^drogen a 36% thermal loss is experienced, 
since 1 cu. ft. of methane has a calorific value 
of 997 B.Th.U. and 2 cu. ft. of hydrogen have a 
calorific value of 638 B.Th.U. Any decom¬ 
position reaction resulting in carbon formation 
will result in a loss of heat and gaseous therms. 
The tar and gas should be cracked down to the 
simpler hydrocarbons but not beyond them to 
carbon. The optimum amount of cracking will 
be indicated by a maximum of hydrocarbons 
in the gas. Pexton {l.c.) has shown that a figure 
which he calls the “ hydrocarbon enrichment 
value ” can be used to assess the cracking con¬ 
ditions in various carbonising plant. This value 
(“ E ”) is discussed in detail below {cf. “ Yield 
of Gas and By-products,” p. 468d) but it may be 
stated here that an increase in the value of 
“ E ” indicates a closer approach to the best 
cracking conditions. “ E ” can be calculated 
from the calorific value, the volume of gas made 
per ton of coal and the concentration of “ inerts ” 
in the gas, throe simple factors which are easily 
determined experimentally. In general, the 
values of “ E ” for gas from horizontal retorts 
are higher than those for gas from continuous or 
intermittent vertical-retorts, a fact which shows 
the value of the cracking zone at the crown of 
the horizontal retort. The optimum cracking 
conditions in high-temperature carbonisation can 
often be obtained in practice by varying a 
number of factors. Temperature appears to be 
the most important of these, but variations in 
the size of the charge in horizontal retorts can 
alter considerably the cracking space and the 
time that the gases are in the cracking zone. 
The type and size of the coal, the ash in the coal, 
the pressure in the retorts, the amount of steam¬ 
ing and diluent gases, the presence of more than 
one ascension pipe, the evenness of the charge 
in horizontal retorts, and the method of heating 
and the uniform movement of coal in continuous 
vertical-retorts will all affect the attainment of 
optimum cracking-conditions. The blending of 
coking with non-coking coals or breeze to obtain 
better cokes or cokes from non-coking materials 
will also aflfect the yields of the various products. 
It would appear that a little over-cracking 
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always occurs at some stages of coal carboni* 
sation as a layer of “ retort carbon ” or “ scurf ” 
gradually builds up on the walls of the retort/. 
A thin layer of this carbon is useful in sealing 
cracks in the retorts but, from time to time, the 
retorts have to be left open to the air in order to 
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bum off a little of this carbon. This process is 
known as “ scurling the retorts.” 

The following table (Table VII) gives typical 
anal3^Res of the major constituents and hydro¬ 
carbons present in some different types of coal 
gas. 


Tabi.k VJl. 



Mixed Durham 
coal in 
continuous 

Mixed Durham 

Mixed Durham 
coal ill 

Mixed Durham 
coal in 


vertical 

coal in 

horizontal 

intermittent 


retorts 

liorizoutal 

retorts and 

vertical 

Gas from 

(steamed). 

retort.s. 

coke ovens. 

retorts. 

Combustion chamber tempera- 

tures “C. (approx.) 

1,370 

1,330 

1,360 

1,310 

C^V. of gas, B.Th.U. per cu. ft.. 

520 

567 

536 

508 

Tar yield (gallons per ton) . 

80 

10-2 

9-7 

11-8 

Carbonising period (hours) . 

— 

10 

10*3 (retorts) 

13 

Hydrocarbon enrichment value. 

31-9 

37-2 

21-8 (ovens) 
34-8 

35-5 

Per cent, coke oven gas 


— 

26 

— 

Constituent. 

Gas Analysis. 

Volume percent, of dry ga.s. 

1. 2. 


4. 

C/arbon dioxide. 

1-8 

2-1 

M 

1-6 

Oxygen . 

0-5 

0-6 

0-3 

0-0 

Carbon monoxide .... 

9-1 

6-8 

7-4 

13-8 

Hydrogen. 

55-4 

49-4 

53-9 

52-8 

Methane. 

23-1 

27-6 

25-8 

20-5 

Ethane . 

0-868 

0-888 

0-630 

0-963 

Propane . 

0-077 

0-110 

0-054 

0-157 

Other saturated substances boil¬ 
ing : 

Below 2°. 

0-117 

0-029 

0006 

0-028 

Prom 2 to 25° .... 

0-017 

0-003 

0-002 

0-002 

Above 25°. 

0152 

0-030 

0-013 

0-108 

Total saturated substances . 

24-3 

28-7 

2G-5 

21-7 

Acetylene. 

0-072 

0-022 

0-080 

0-014 

Ethylene. 

1-259 

2-384 

1 914 

1-528 

Propylene. 

0-166 

0-273 

0-144 

0-229 

Other unsaturated substances 
boiling: 

Below 2°. 

0-077 

0-061 

0030 

0087 

From 2 to 25" , 

0-018 

0-006 

0-014 

0-007 

Above 25°. 

0-149 

0-106 

0-069 

0-115 

Benzene . 

0-422 

0-758 

0-748 

0-572 

Toluene. 

0-171 

0-167 

0-110 

0-142 

Xylenes. 

0-017 

0-028 

0-034 

0072 

Total CnHm. 

2-4 

3-8 

3-1 

2-8 

Nitrogen (by difference) 

6-5 

8-6 

7-7 

7-3 


100-0 

100-0 

100-0 

100-0 


Condensation of the Hot Gas. —The com¬ 
bined streams from all the collecting mains of 
the retort setting unite in a trunk main termed 
the ” foul ” main, by wliich they are conveyed 
from the retort house to the condensing plant 
proper, the combined stream having at this point 
a temperature of 60-60° and still containing 
much suspended tar fog, amounting in some cases 
to as much as one-third of the total tar pro¬ 
duction. 

The cooling of the gases to approximately 
atmospheric temperature is effected by means 


of either atmospheric condensers or water- 
cooled condensers. Although types of the 
former differ in external appearance, the 
arrangement is in all cases such that the gas is 
passed slowly through apparatus exposing a 
large surface to the air, whereby the sensible 
heat of the gases and the latent heat of the 
vapours is given up to the air passing over the 
surface. In the water-cooled condensers water 
is employed as the cooling medium in place of 
air. This type of condenser requires a much 
smaller cooling surface than the atmospheric 














GAS. COAL. 


454 

type, and the temperature to which the gas is 
cool<^ can be more readily regulated by con¬ 
trolling the flow of water, provided a sufficient 
supply of cold water is always available. 

Fig. 10 shows the general arrangement of a 
horizontal atmospheric pipe condenser, the 
manner of working being readily apparent from 
the diagram. A modem horizontal water-tube 
or battery condenser is shown in Fig. 11. This 
type may be taken as representative of modern 
practice. The gas enters at the top and flows 
down one side of the vertical chamber through 
nests of nearly horizontal steel tubes which are 


expanded into fixed tube plates, and crossing 
over at the bottom, passes up to the outlet 
through similar nests of tubes on the other side 
of a central division plate. The water flows in 
series through all the nests of tubes in general 
direction counter-current to the gas and passes 
from one nest to the next by way of suitably 
shaped header plates. Two such units are fre¬ 
quently used in series and connections are pro¬ 
vided which enable the installation as a whole 
to be reversed with regard both to gas- and to 
water-flow. This type is capable of higher gas- 
and water-velocities than an older design in 



Fig. 10.—Atmospheric Condenser. 


which the tubes are placed vertically. H. HoU- 
ings and S. Pexton (Trans. Inst. Gas Eng. 1929- 
30, 79,257) have shown that a battery condenser 
such as the one described, and in wffich the gas 
and water velocities are 4*5 ft. per sec. and 0*18 
ft. per sec. respectively, requires a cooling surface 
which is only half that required for the same 
duty in a vertical water-tube condenser where 
gas and water velocities are 1*36 ft. per sec. 
and 0*025 ft. per sec. respectively. 

When high carbonising-temperatures are em¬ 
ployed, especially with certain classes of coal, 
the tar separating in the cold end of the con¬ 
denser is apt to become semi-solid from crystal¬ 


lisation of naphthalene. To avoid this it is 
convenient to arrange the connections and 
valves in such a manner that the inlet and outlet 
can be reversed. The en4 previously cold then 
receives the hot gas and the thick tar becomes 
fluid and flows to the tar well, so that by periodic 
reversals of the stream, blockages from this 
cause can be largely avoided. 

In the early days of gas manufacture the 
only point considered was the simple cooling 
of the gas. It was soon found, however, that 
the manner in which the cooling takes place, 
e.g. the rate at which the gas is cooled and the 
degree of contact between condensed tar and gas. 
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has a material effect upon the distribution of 
naphthalene and light oils such as benzole, 
between the gaseous and liquid phases. This 
distribution is also affected by the temperature 
to which the tar is cooled when in contact with 
the gas. The object aimed at in condensation 
is not only to cool the gas, but to carry out the 
cooling in such a manner as to remove the maxi> 


mum quantity of naphthalene and other high- 
boihng substances. The importance of the 
removal of naphthalene arises from the fact that 
it is a solid at ordinary temperatures and if not 
removed is liable to be deposited in crystals at a 
later stage. These difficulties are largely due to 
the existence of naphthalene in a state of super¬ 
saturation in the gas and may be accentuated 







m 


Fig. 11.—Battery Condenser. 


by bringing tar containing a high concentration sation of the tar and liquor should receive 
of naphthalene into contact with gas having a detailed consideration for, as has been shown 
low concentration. The removal of naphthalene by H. Hollings and W. K. Hutchison (J. Inst, 
from gas is generally facilitated by rapidly cool- Fuel, 1935, 8, 360), the efficiency of any one 
ing, but it is the usual practice to-day to adopt of the primary purification processes is very 
some more j^itive oil-washing process for the largely dependent upon the efficiency of the one 


removal of the last traces of naphthalene. 


preceding it. The amount of hydrogen sulphide 


The process of gas cooling and the conden-1 to be removed from the gas depends upon the 
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amount previously removed by the aqueous 
ammonia liquors, and the efficiency of the 
ammonia washing plant depends in a marked 
degree upon the temperature of the gas passing 
through it and upon the degree of freedom from 
tar and naphthalene deposits. The tempera¬ 
ture and the tar and naphthalene contents of the 
gas depend in turn upon the efficiency of the 
condensers. 

The amount of water required to cool gas 
depends upon the temperature of the water, the 
area of the cooling surface and the rate of heat 
transmission across the cooling surface. The 
rate of heat transmission varies with the 
velocities of the gas and water, the viscosity of 
the tar condensed and the state of cleanliness of 
the metal surfaces on both the gas and water 
sides. Fig. 12 shows the relationship betw^een I 
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the area of cooling surface of a modern con¬ 
denser with horizontal water tubes and the 
water requirements for coohng saturated gas 
from the temperatures stated to 60°F., using 
cooling water at 55°F. 

Investigations on the establishment of a 
method for the evaluation of the area of cooling 
surface required under any predetermined con¬ 
ditions of velocities and temperatures of gas 
and water have been descril)ed by H. HoUings 
and W. K. Hutchison (l.c.). It has frequently 
been the practice in the past to start from the 
hypothesis that the quajitity of heat transferred 
across unit area of cooling surface is propor¬ 
tional to the difference in temperature between 
the gas and the cold surface. The proportion¬ 
ality factor, in suitable units, is the heat-transfer 
ppefi&cient, and attempts are generally made to 


relate this transfer coefficient to conditions in the 
gas, such as temperature, velocity and degree of 
saturation. In a condenser the temperature of 
the surface of the tubes cannot be readily deter¬ 
mined directly, and results are then given in the 
form of an overall coefficient, which includes the 
coefficient for transfer of heat from the tube to 
the water and is based on the overall tempera¬ 
ture-difference between gas and water. This 
procedure may be justified in a well-designed 
unit with a low resistance to heat transfer on 
the water side as compared with resistance on 
the gas side, so that the temperature of the tube 
approximates to that of the water flowing in it. 
The resistance to heat transfer on the water 
side is not always negligible, however, nor is it 
a constant proportion of the total. If the rate of 
heat transfer in a condenser is related not to the 
difference in temperature betw^een the main 
body of the gas and the cooling surface, but to 
the difference between the partial pressure of 
w ater vapour in the gas and the vapour pressure 
of condensed water on the cooling surface, a 
coefficient is obtained which remains nearly con¬ 
stant over a wide temperature range. Kesults 
interpreted on the basis previously referred to 
give heat-transfer coefficients which increase 
rather rapidly with rise in the temperature of 
the ga.s (r/. Cooper, Trans. World Power Conf. 
Fuel Conf. 1928, 2, 387). 

The common sources of water available for 
use in the condensers are river or canal water, 
town’s or well water, gas-holder tank w^ater and 
the water used in the boilers for steam raising. 
The circulation of gas-condenser water through 
cooling towers does not represent general 
practice; but it appears to be worthy of con¬ 
sideration. River or canal water is frequently 
too warm to ensure efficient condensation, par¬ 
ticularly in the summer and in those cases where 
the river or canal is sluggish and is used for con¬ 
densing exhaust steam from turbines. The 
w'ater from a gas-holder tank can be used only 
under certain limited conditions. Town’s water 
and well water are normally below 60°F. and 
are thus very suitable, though the extent to 
which they should be used depends on costs. 
It is often advantageous to use water from two 
sources, subjecting the gas to a preliminary 
cooling by means of water from one of the 
cheaper but less efficient sources indicated above, 
and then finally cooling with well or town’s 
w^ater which may be subsequently used in the 
boilers. Its use in the condensers entails no cost 
apart from water connections. It has been sug¬ 
gested that the reason why this system is not 
more commonly used is the risk of contaminating 
the boiler feed water with tar or ammonia 
through leakage of the condenser tubes. There 
is no ground for this objection, provided that 
the pipe which carries the water from the con¬ 
densers to the boiler feed-tank is vented to air at 
a point sufficiently well above the top of the 
condenser to ensure that a greater hydrostatic 
pressure may be maintained in the uppermost 
water tubes of the condenser than in the gas 
space surrounding the water tubes. It must not 
be overlooked that the dissipation of heat in the 
condensers represents a thermal loss in the 
carbonisation process, 
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During the whole of the condensation, in- derived from chlorine in the coal--—and some of 
chiding that occurring in the retort house, there the carbon dioxide, hydrogen sulphide and 
separates from the gas 9-15 gallons of tar per hydrocyanic acid. The liquor obtained in con- 
ton of coal (varying with the coal and the con- densation is termed “ virgin liquor,” that por- 
ditions of carbonisation) together with 10-15 tion formed in the retort house being usually, 
gallons of ammoniacal liquor. These both flow though not invariably, weak and containing 
together to the well or wells, to which any tar from 0*5 to 1-5% of ammonia, whilst that from 
and hquor from the subsequent apparatus also the condensers is more concentrated and may 
gravitate. The condensed water removes a contain 4% or more. The cooled gas mostly 
large proportion of the ammonia from the crude contains some 200 grains of ammonia and 50- 
gas—usually about half of the 400-450 grains 100 grains of hydrocyanic acid per 100 cu. ft., 
per 100 cu. ft. contained in the gas issuing from some 1-2% of hydrogen sulphide and 1-3% of 
the retorts. The ammonia solution also extracts carbon dioxide. In addition, there is also an 
the whole of the hydrochloric acid in the gas appreciable amount of tar fog, which has not 



Tkj. 14.— Four-Blade Gas Exhauster. 


been removed from the gas in its piissagc The types of machine which are now used for 

through the condensers and w^hich, if not pre- this purpose arc : 

vioudy extracted, in deposited in the subsequent j 

purifymg apparatus, rendering them much less Turbo 

efficient. 1 1 • 

Exhausters. —The gas pump or exhauster The slow speed rotary machines take one of two 
has been an essential piece of gas-works plant forms. The first is the Beale type or later 
ever since the days when the industry changed developments of it, as shown in Figs, 13 and 14, 
from the cast iron to the fireclay retort. It is These machines operate at approximately 60-70 
called upon to exhaust the crude gas from the revolutions per minute. The second typo of 
retort house at a suction of 4-10 in. water gauge, rotary machine is a development of the Roots 
and to drive the gas through the subsequent blower, consisting of two double lobe impellers, 
series of purification plant and ultimately to This type of exhauster, which in its modern 
raise the gas-holder bell, which necessitates a development is the Connersville, is showm in 
back pressure of 25“60 in, water gauge. Fig. 15. The speed varies between 150 and 350 
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Fig. 15.—Conneesville Gas Exhauster. 


mentary exhausters are usually of the 
fan type, capable of giving a differential 
pressure of 20 in. of water gauge. 

Extbaotion of Tab Fog. — To 
eliminate the remaining tar fog from 
the cooled gas, many mechanical 
devices have been evolved, based on 
impingement of the gas upon surfaces 
or on centrifugal action. A common 
method in English works is to com¬ 
bine the removal of the tar fog with 
the removal of the last traces of 
ammonia, in an apparatus which 
breaks the gas up into a number of 
fine streams which are bubbled through 
ammoniacal liquor. This serves the 
double purpose of removing tar fog 
and of strengthening the weak liquor 
which is fed into the apparatus. An 
efficient apparatus of this type is the 
Livesey washer, the essential feature 
of which is shown in Fig. 17. This 
washer consists of a parallel series of 
troughs arranged in a cast-iron rc(^t- 
aiigular vessel, the lower portions of 
which are perforated with holes ^ in. 
in diameter, as shown, this portion 
being sealed in ammoniacal liquor. 
The gas entering at the top passes 
down between the troughs and forces 
some of the liquor through the holes 
into the interior of the troughs, thus 
unsealing the holes, through which the 
gas then bubbles, as well as through 
the second perforated plate across the 
width of the trough. The liquor in 
the trough is broken up into foam and 
effects the removal of the tar fog and 
also ammonia, the washed gas passing 
away through the open end of the 
trough to the gas outlet. With 


revolutions per minute according to size. In 
larger installations at the present time the pre¬ 
ference is now being given to the high-speed 
turbo-exhauster of the Rateau type which 
operates at several thousand revolutions per 
minute. There is also the further type of turbo 
machine with star-shaped impeUer running at 
8,000-10,000 revolutions per minute (Fig, 16). 
The advantage of the two last types is that in 
addition to acting as gas pumps they also act as 
very efficient tar extractors. 

The position of the exhauster is entirely 
arbitrary, but it is normally found in sequence 
between the condensing and washing plant, but 
it can be placed prior to the gas condensers and 
immediately upon the outlet of the retort houses. 
In any case the plant has to be equipped with 
delicate governing arrangements to take account 
of the varying flow of gas and to maintain con¬ 
stant suction. The normal power for driving is 
steam on account of the improved reliability in 
operation obtained thereby, but electricity can 
be and has been used as a motive power. On 
the largest gas-works the addition in recent years 
of a number of refinements in the purification 
process has so increased the back pressure against 
which the exhausters have to pump that supple¬ 
mentary exhausters placed after the oxide 
purifiers have been installed. These supple¬ 



Fiq. 10.—Tuebo Exhauster. 
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proper working the amount of tar fog can be 
reduced to below 10 grains per 100 cu. ft. 

The procedure which has been adopted by the 
gas industry in the past has been largely deter¬ 
mined by the fact that tar will not adhere effec¬ 
tively to baffling surfaces unless the temperature 
of the gas is reduced to the region of 100°F. 
Cooling of the gas to this temperature is thus 
essential in order to effect an ejfficient tar-separa¬ 
tion by mechanical means. The electrical preci¬ 
pitation of tar is receiving considerable atten¬ 
tion, and it has been shown that Cottrell’s pro¬ 
cess may be applied to the removal of tar fog 
from coal gas at all temperatures up to 160°F., 
the maximum temperature of the gas at the out¬ 
let of the hydraulic main. Fig. 18 shows a 
precipitator of this type as used in a gasworks. 

Ammonia Recovery. —To complete the re¬ 
moval of the ammonia the gas is now washed 
w ith water or weak ammoniacal liquor. One of 


the oldest forms of apparatus for the purpose was 
the tower scrubber, in which the gas passed 
counter-current to a stream of water in a tower 
filled with coke, wooden boards on edge or 
other material which would give a large surface 
area. In place of these towers rotary washers 
are now largely employed. 8everal efficient 
types are in use, one of which, the Kirkham 
washer, consists of a horizontal cylindrical vessel, 
divided internally into compartments by vertical 
plates which have openings, where necessaiy, to 
allow passage of the gas. In each compartment 
is a disc keyed to the central revolving shaft. 
This disc, with the exception of the central por¬ 
tion, is fitted with bundles of thin wooden 
boards or sheet-iron plates, fixed together in 
such a manner as to allow free passage of the gas 
over their surface. The gas, in traversing the 
apparatus, passes over this surface, which is kept 
wetted by revolving through the liquor in the 



Fig, 17.—Livesey Washer Diagram. 


bottom of each compartment, and effects the 
removal of the ammonia. The Holmes washer 
(Fig. 19), which is largely in use, resembles the 
foregoing in main outline, but special brushes 
are used to form the necessary washing surface 
( cf . also Absorption). 

It is now realised that important economies 
can be effected by reducing the quantity of 
water used. The use of weak liquor as the 
scrubbinjg medium, to the partial or complete 
elimination of water, is dependent upon efficient 
cooling of the gas and upon the provision of 
washers of adequate capacity. In some cases, 
nevertheless, the total capital charges in respect 
of any necessary additions to condensing and 
washing plant may be more than offset by the 
visible economies resulting from the production 
of a stronger liquor, without any reference to the 
other advantages associated with the use of 
efficient cooling plant. 


A suitable medium for the replacement of 
water may be obtained by fractional conden¬ 
sation of the virgin liquor (Trans. Inst. Gas Eng. 
1927-28, 495). The weak ammoniacal liquor 
which condenses in the first part of the con¬ 
densers is not allowed to mix with the stronger 
liquor condensing further down, but is drawn 
off separately. The strong fraction is passed to 
the strong liquor tank and is not re-circulated, 
but the excess weak liquor is passed through a 
cooler and then to the washers. In order to 
obtain a strong liquor it is necessary to ensure 
that the temperature of both gas and liquor in 
the ammonia recovery plant is as low as possible, 
and that the retort-house circulation system 
and condensers are so operated that the am¬ 
monia concentration in the gas entering the 
washers is also as low as possible. In the 
recovery of ammonia liquor on the gasworks and 
its conversion to sulphate of ammonia there are 
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several expenses which are a simple multiple 
of the volume of liquor to be handled. The 
extent of the economy which may be effected by 
reducing the quantity of water used is made 
evident in the 1st Report of the Ammonia 
Sub-('ommittee of the Institution of Gas 
Kngineers (1020). 

The economics of ammonia recovery on the 
gas-works has been seriously affected in rec^ent 
years by the development of the relatively cheap 
inethod of producing ammonia synthetically 
and by an increase in the cost of conversion of 
gas litpior into sulphate. In consequence con¬ 


siderable attention has been given to means for 
increasing the net value of ammonia on the 
works. The adoption of a method whereby the 
gas liquor is concentrated on the works and then 
despatched to a central plant where it can be 
worked up, has proved to be a valuable develop¬ 
ment. 

It wdll be appreciated that in any consideration 
of the performance of plant in which ammonia 
is recovered from coal gas in the form of an 
aquecui.s solution, it is very desirable to have 
exact data concerning the distribution of 
ammonia betw'cen gas and liquid and to know’ 


INSULATOR 



Fia. 18.—CoTTBELL Pbecii'ITator Diagrams. 


the influence of the presence of carbon dioxide 
and of hydrogen sulphide in the system. The 
ammonia and carbon dioxide vapour pressures 
of solutions of these two gases have been deter¬ 
mined by S. Pexton and E. H. M. Badger 
(J.S.C.I. 1938, 67, 106) at various temperatures. 
When hydrogen sulphide is added to such solu¬ 
tions it combines with half its equivalent of 
ammonia, and the resulting hydrosulphide has 
no effect on the vapour pressures due to the 
remaining ammonia and carbon dioxide. The 
vapour pressures of aqueous solutions of am¬ 
monia and carbon dioxide are increased by the 


addition of ammonium chloride. The virgin 
liquor condensed from horizontal retort gas con¬ 
tains less carbon dioxide than does that from 
vertical retort gas. Because of this deficiency 
of carbon dioxide, the virgin liquors obtained by 
the method of fractional condensation, described 
above, is a less efficient washing medium when 
derived from horizontal-retort gas than those 
obtained from vertical-retort gas. This in¬ 
feriority may be rectified by the addition of a 
small quantity of carbon dioxide to the liquor 
prior to its use in the washer. 

The process described above, in which the gas 
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is cooled by passage through condensers before 
scrubbing out the ammonia, is the only one in 
general use in the gas industry and is known as 
the indirect process. Two other methods of 
ammonia recovery—the direct and semi-direct 
processes—are in use in the coke-oven industry 
{v. Coke Manufacture and the Recovery of 
By-Products). In the direct process the gas 
is freed from tar fog and then passed directly to 
the saturator at a temperature of about 
The serai-direct process consists essentially in 
(ooling the gas below its dew-point (25-45°C.) 
and then re-heating to about 00° before passage 
into the saturators. It is claimed that the cool¬ 
ing is necessary for the satisfactory removal of 
tar and the production of good quality sulphate 
of ammonia. The relative merits of these three 
methods of ammonia recovery have been con¬ 
sidered by the Ammonia Sub-Committee of the 
institution of Gas Kngincers (2nd and 3rd 
Reports, 1929, 1930). The opinion is expressed 
that there is little likelihood of any drastic change 
in present gas-works practice being adopted 
with economic success in the immediate future. 

In the event of either the semi-direct or the 
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direct process being adopted by the gas industry, 
the chief difficulty woidd be that existing con¬ 
densing and recovery plant would have to t)e 
scrapped and a completely new type of plant, 
involving fresh expenditure, be adopted. 

The development of the manufacture of con¬ 
centrated gas liquor and its treatment at central 
chemical works is described by P. Parrish (Inst. 
Gas Engrs. 1939, Comm. No. 213). 

The disposal of waste effluent-liquors from 
ammonia stills is a matter which requires (dose 
control and considerable attention has been 
given to the subject by the industry. A recent 
work by A. Key (Gas Works Effluents and 
Ammonia, Institution of Gas Engineers, 1938) 
reviews 12 years’ systematic work. 

Hydrogen jSulpiiide Removal. —The crude 
gas leaving the retorts contains hydrogen sul¬ 
phide in a quantity depending upon the sulphur 
C(mtent of the coal and the method and con¬ 
dition of carbonisation. With an average Dur¬ 
ham coal containing 1*5% of sulphur, (‘.arbonised 
under normal high-temperature conditions in 
horizontal retorts, the hydrogen sulphide co!i- 
tent of the gas entering the condensers will be 



Fig. 19.— Rotary Scrubber Wa.sher. 


between 550 and 650 grains per 100 cu. ft., t.e. 
about 1% by volume. Of this some 10-15% is 
removed from the gas by combination with 
ammonia, about 500 grains of hydrogen sulphide 
per 100 cu. ft. remaining to be removed from the 
gas leaving the ammonia washing plant. Other 
impurities are also present, namely, 1-3*5% of 
carbon dioxide, together with smaller amounts 
of other impurities including 10-80 grains of 
sulphur per 100 cu. ft., as organic sulphur com¬ 
pounds, chiefly carbon disulphide, and from 
40 to 80 grains of hydrogen cyanide. Of these 
the hydrogen sulphide must be removed to an 
extent which is practically complete. Stringent 
statutory provision is made to this eflFect in Acts 
of Parliament controlling gas undertakings. 
The carbon dioxide is not in itself deleterious, 
but was formerly frequently removed owing to 
its adverse effect upon illuminating power. The 
hydrogen cyanide is extracted more or less com¬ 
pletely during the removal of the hydrogen 
sulphide. 

It should be noted that in Americ,an and Con¬ 
tinental practice the hydrogen sulpliide con¬ 
centration is frequently as low as 300 grains i>er 
cu. ft. This fact must be borne in mind when 
comparing designs of plant and cpsti? pf purifi¬ 


cation. On the other hand, gas obtained from 
other coals or by the low-temperature carboni¬ 
sation of coal may contain much higher con¬ 
centrations. 

The purifying material employed for the 
removal of hydrogen sulphide is moist hydrated 
oxide of iron, the naturally occurring bog-iron- 
ore being used largely for the purpose. This con¬ 
tains a sufficient amount of fibrous organic 
matter to render the mass porous and allow of 
the passage of the ga.s through it. Where 
artificially prepared ferric hydroxide is em¬ 
ployed, it is mixed with a filler such as saw-dust 
or wood chips, to give the required porosity. 

The material is charged in even layers into 
rectangular cast-iron or reinforced concrete 
v^essels containing wooden grids to carry the 
oxide, the thickness and number of the layers 
varying according to the size of the purifier. 
In the older type of purifier the lid was rendered 
gas-tight by the provision of vertical sides 
dropping into a water lute ca,st around the 
periphery of the purifier. So long as the pressure 
of the gas within the box does not exceed that 
equal to the depth of the water seal, no gas can 
escape. As, however, cases have occurred in 
which the gas has escaped through the seal, the 
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present practice is the adoption of luteless lids 
which are bolted to the purifier and made gas- 
tight by the insertion of a rubber joint between 
purifier and cover. A modem purifier of this 
type is shown in Fig. 20. 

The purifying medium may be regarded as a 
mixture of ferrous and ferric hydroxides on 
which the hydrogen sulphide in the gas reacts 
in the following ways : 

(1) Fe(0H)2+H„S=:FeS-f-2H20. 

(2) 2Fe(0H)3-f3H2S = Fe2S3+6H20. 

The reactions between the iron oxide mixture 
and the impurities in the gas will, in the absence 
of added alkali, gradually develop acid con¬ 
ditions. 8uch conditions retard the absorption 
of hydrogen sulphide and more especially 
hydrocyanic acid. Moreover, a slight alkalinity 
considerably assists the absorption of both these 


I substances. It is usual, therefore, to admit a 
small quantity of ammonia to the boxes; up to 
4 grains of ammonia per 100 cu. ft. is usually 
sufficient. Larger quantities affect the nature 
of the products derived from the hydrogen 
cyanide. It is now recognised that moisture 
also plays an important part. R. H. Clayton, 
H. E. Williams and H. B. Avery (Gas. J. 1931, 
196, 311) have found that air-dried oxide is very 
inefficient as an absorber of hydrogen sulphide 
or hydrogen cyanide from coal gas and that 
moisture is essential for the reactions between 
these impurities and the oxide. Conditions 
which favour the effective removal of hydrogen 
cyanide from the gas are ideal for the removal 
of hydrogen sulphide. In several works in 
England it is now customary to remoisten the 
oxide in situ by opening the box and spraying 
the oxide with water until a sufficient degree 



of humidity is reached. This operation may be 
repeated several times before the box is emptied. 
At other works wet steam is introduced for this 
purpose. 

When the mass has ceased to absorb hydrogen 
sulphide it may be removed from the purifier 
and spread out to give exposure to the air. 
By this means the iron sulphides are oxidised, 
reforming hydroxides, with separation of free 
sulphur. As soon as the revivification is com¬ 
plete the mass can be returned to the purifier 
for the extraction of further amounts of hydro¬ 
gen sulphide, this alternative process of fouling 
and revivifying being continued until the mass 
contains 6(>-70% of sulphur. It may then be 
sold for its sulphur content, being used chiefly 
for the manufacture of sulphuric acid. 

As the crude gas entering the purifiers always 
contains some inherent oxygen, revivification 
takes place to some extent by this means. 


Nevertheless, reliance on this source of oxygen 
alone would necessitate frequent removal of the 
oxide mass from the box. Under modem con¬ 
ditions, additional air is introduced into the 
purifiers with the gas, so that the life of the oxide 
in the box is increased and the number of changes 
for external revivification, and consequently the 
cost for labour, considerably reduced. A limit 
to the amount of air added is fixed by the fact 
that excess oxygen and nitrogen remaining in 
the gas affect its quality. Also, if the excess 
of oxygen reaches a certain concentration, the 
separated sulphur may even fire in the purifiers 
and, apart from the damage caused in the box, 
the gas may be contaminated with sulphur 
dioxide. The temperature of the gas passing 
through the box should not fall below about 15°, 
since the action of the oxygen then becomes too 
slow. 

The purifiers are usually worked in sets of 
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four, the connections being so arranged that the 
gas can be allowed to enter any box and then 
pass in series through the remaining boxes. At 
first sight the logical sequence would appear to 
consist in placing the newest oxide in the last 
position in the gas stream and gradually fouling 
it by bringing it successively into earlier positions 
in the stream. In practice this is not always 
satisfactory because new oxide, particularly 
natural bog-ore, is not in the correct condition 
chemically or physically. In fact such oxide 
will frequently be found to give off traces of 
hydrogen sulphide when in contact with pure 
coal gas. The difficulty can be overcome by 
placing in the last box either a charge of oxide 
which has been once fouled and then revivified 
by contact with air or a mixture of revivified 
and new oxide. In the so-called backward-rota¬ 
tion system often adopted, a charge of oxide is 
placed first in contact with gas richest in hydro¬ 
gen sulphide. When it has accumulated a high 
proportion of sulphide it will cease to absorb 
efficiently and is then transferred successively 
to the second position, relative to the gas inlet, 
where, owing to the low concentration of 
hydrogen sulphide, the regeneration reaction 
can become effective in reducing the sulphide 
content of the mass. The process of regenera¬ 
tion is completed in the third and fourth positions 
and the regenerated oxide then returned to the 
first position in contact with the foul gas. By 
adopting this cycle of operations, most of the 
hydrogen sulphide in the gas is retained in the 
early stages, while the sulphide mass is allowed 
to regenerate in its successive movements until, 
in the final position, it is in a suitable condition 
for the removal of the last traces of hydrogen 
sulphide from the gas. 

The details given in Table VIII below show the 
results of observations made on the composition 
of a gas stream at various stages during its 
passage through purifiers worked on the back¬ 
ward rotation system. The figures are repre¬ 
sentative of the whole useful life of the charge 
in the box. The observations showed that in the 
first position the oxide would take out up to 
95% of the hydrogen sulphide in the entering 
gas for a period which varied from 6 days on 
first fouling, down to 1 day when the oxide 
charge was nearly ready for discharging. These 
figures are given by H. Hollings and W. K, 
Hutchison (/.c.), who also analyse costs of the 
oxide purification process. 

Table VIII.— Removal of Hydrogen 
Sulphide in Oxide Purifiers. 


Hydrogen sulplUde in gas. 



Gr. per 
100 
cu. ft. 

Parts 

per 

million. 

Oj in 
gas, 

% by 
volume. 

Entering first box . 

650 

— 

1-2 

„ second box. 

26 

— 

0-9 

„ third box . 

0*6 

8‘0 

0-8 

„ fourth box 

001 

017 

0-7 

Leaving fourth box . 

0001 

0017 j 

0-7 


A study of the costs of the gas purification 
process by means of oxide of iron is complicated 
by the fact that in any one year the quantities 
of new oxide bought and of spent oxide sold do 
not necessarily bear a proper relationship to the 
quantity and quality of the gas treated during 
that year. Table IX gives representative purifi¬ 
cation-costs for a modem system which includes 
elevation of the oxide to an overhead floor 
above the purifiers and provision for bottom 
discharge. 


Table IX.— Typical Costs of Oxide 
Purification. 


(Sulphur |)er million cu. 

ft. gas^ 

-0*202 tons.) 


f!. (1. 

s. d. 

d. 

Cost of new oxide ; 

Per ton of new oxide 

20 2 



per ton of sulphur 

— 

40 10 

— 

Cost of disposal of spc'Ut 
oxide: 

Per ton of spent oxide 

4 2 



Per ton of sulphur 

— 

8 4 

-- 

Total oxide charges : 

Per ton of sulphur 

Per 1,000 cu. ft. of gas 

__ 

40 2 



— 

0155 

Process charges (moving 
oxide). 



0104 

Supervision and mainten¬ 
ance of purifiers and 
buildings. 


_ 

0*082 

Total operating charges. 



0*341 

Oedit for spent oxide : 

Per ton of sulphur 


:5:? 4 


Per 1,000 cu. ft. of gas 


— 

0 105 

Net operating charges . 

_ 

_ 

0*230 

Capital (8% on £5,100 per 
million cu. ft. per maxi¬ 
mum day, 250 maximuui 
days per year) 



0*392 




0 028 


The use of towers in preference to the cus¬ 
tomary horizontal purification-boxes is being 
adopted in Germany and also in this country. 
The main objectives are minimum space require¬ 
ments, minimum excavation, ease of operation 
and control, minimum labour in charging the 
purifying material in a single shift, minimum 
equipment and installation costs and minimum 
operating expense with even distribution of 
labour throughout the ye^ar. A description of a 
plant of this type has been given by C. M. 
Croft (Inst. Gas. Eng., Comm. No. 212, 1939). 

Although a considerable amount of attention 
has been devoted with varying degrees of success 
to new methods of gas purification, using both 
wet and dry reagents, the oxide of iron method 
is still the method in general use. The high 
extraction efficiency required in this country is 
readily attainable at a cost which has defied 
attempts to supersede it. In other countries 
other purification processes are also in opera¬ 
tion. 

In the Koppers Iron Sulphur Process the gas 
is brought into contact with a suspension of iron 
hydroxide in sodium carbonate solution. The 
suspension is then subjected to the action of 
atomised air which revivifies the purifying 
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medium and liberates free sulphur. In a modifi¬ 
cation of this process the iron hydroxide is 
replaced by a soluble nickel salt. 

The Petit process of liquid purification uses 
potassium carbonate to remove hydrogen sul¬ 
phide. In regenerating the fouled liqiior, carbon 
dioxide is introduced whereby the hydrogen sul¬ 
phide is expelled ; bicarbonate is then converted 
to carbonate by heating, the carbon dioxide 
being recovered. The expelled hydrogen sul¬ 
phide is absorbed in iron oxide from which the 
sulphur is recovered after revivification with 
air. 

The removal of the organic sulphur-compounds 
from the gas presents much greater diflienlties 
than does that of hydrogen sulphide. Con¬ 
siderable attention is now being devoted to the 
elimination of these organic compounds and 
recent researches have made po8.sible a con¬ 
siderable reduction in the sulphur content due 
to these substances. Before discussing the 
matter in detail, however, it is desirable to con¬ 
sider the removal of naphthalene and of benzole 
from gas, with which latter operation the elimi¬ 
nation of sulphur compounds is closely connected. 

Naphthalene Kemoval. —^Mention has al¬ 
ready been made of the difficulty which can arise 
from blockages both in the plant and mains on 
the works and on the mains and services in the 
district of supply, from the deposition of solid 
naphthalene from the gas. In the early days 
of the industry, when lower carbonisation-tem¬ 
peratures were employed, no difficulty was 
experienced in this respect, as, although con¬ 
siderable amounts of naphthalene were even then 
j)resent in the hot gas, the amount of other tar 
constituents boiling at the same or a lower 
temperature than naphthalene was sufficient to 
effect a practically complete washing-out of the 
naphthalene from the gas in the ordinary process 
of condensation. As carbonising temperatures 
increased, trouble from naphthalene became 
more and more noticeable, at first only where 
coals from the Durham coal-field were carbonised, 
but eventually, with still higher carbonising 
temperatures, from all classes of coal, and very 
serious nuisance from naphthalene stoppages 
took place, both manufacturers and consumers 
being affected. 

The difficulty arises from the fact already dis¬ 
cussed, that increased carbonisiiig-temperatures, 
particularly when there is also a considerable free 
space above the coal in the retort, effect an in¬ 
crease in the production of naphthalene and a 
decrease in the production of lower-boiling tar 
oils. The proportion of the latter is then in¬ 
sufficient to effect the complete washing-out of 
the naphthalene from the gas at the cold end 
of the condenser, and the gas may, therefore, 
leave the latter almost saturated with naphtha¬ 
lene vapour at the temperature of the condenser 
outlet, such gas then becoming supersaturated 
on further cooling in the works or district of 
supply, and then under favourable conditions 
depositing solid naphthalene, mostly in the 
form of very bulky flaky crystals, a very small 
weight of which is capable of causing a serious 
blockage. 

Two methods of treatment may be employed, 
the one consisting in washing the gas with suit¬ 


able naphthalene solvents and the second in 
adding to the gas the vapours of certain liquids 
which dissolve naphthalene. The method nor¬ 
mally tunployed in this country consists in 
scrubbing the gas with ofl in a w'asher of the type 
used for ammonia recovery. The oil may be the 
ereosoto or green oil fraction of coal tar, boiling 
at 270-350", or petroleum gas oil may be used. 
A number of other solvent oils have also received 
attention. The removal of naphthalene is fre¬ 
quently undertaken simulianeously with benzole 
extraction on those works at which the latter 
operation is carried out. 

Extraction of Benz.ole. —The recovery of 
benzole which has long been practised by the 
coking industry, exerts a marked influence on 
production figures because it derives benzole not 
only from tlie by-product tar but also from the 
gas, which contains 20-30 times as much benzole 
per ton of coal as does the tar. So long as the gas 
industry on the other hand was selling on a 
luminosity basis, gas from this latter source 
could not be exploited for the production of ben¬ 
zole. The abnormal conditions caused by the 
war (1914-15), however, followed in 1920 by the 
remov'al of the restrictions on the illuminating 
power of the gas, created a different position. 
Even so, the relatively high value of benzole in 
gaseous form may still militate against its 
recovery, except under specially favourable con¬ 
ditions. These depend on a number of factors 
which have been con.sidered in detail by H. 
Hollings (Trans. World Power Conference, 1930, 
2, 63). 

The recovery of benzole at gasworks by means 
of oil washing became general in this country' 
during the war (1914-18) and reached a peak in 
1917. At the end of the war production fell 
again but has recently increased as the result 
of the fiscal enactments, already described 
(p. 435), designed to encourage the production of 
spirit from indigenous materials. This policy 
has resulted in a considerable development of 
benzole extraction from gas on the gasworks, 
the quantity of spirit so produced being esti¬ 
mated at between 10 and 11 million gallons in 
1934 (A. K. Steel, J. Inst. Petroleum Tech., 1935, 
21, 450). The number of ga^ undertakings 
responsible for this production—some 20% of 
the country’s total producition — was then 
about 90. 

Similar results from protective measures can 
be seen in other countries where a falling-off in 
imports is being accompanied by an increase in 
the quantity produced internally. 

Benzole finds a ready sale as a motor fuel, for 
which purpose it has valuable properties. In 
addition some 30-40 million gallons per annum, 
or 15-20% of the world’s production, is used for 
industrial purposes. The continued growth of 
the automobile industry should ensure a ready 
outlet for considerably larger quantities, as the 
present consumption forms only a small jper- 
centage of the total consumption of motor spirit. 
W. G. Adam and G. W. Anderson (Trans. Chem. 
Eng. Congr., World Power Conf. 1936, C 7)* 
state that this percentage ranges from a mini¬ 
mum of 0-6% in the United States to a maximum 
of about 16% in Germany. 

Reference is made in this section to those* 
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aspects of benzole production which have par¬ 
ticular reference to its recovery fnjm coal gas 
on the gas-works. Standard methods adopted 
for the recovery of crude benzole from coke oven 
gas by the coking industry are also employed 
by the gas industry (r. (V)kk Manofacttike and 
Kecoveby of By-Products). 

The welJ-established method for the recovery 
of benzole from coal gas, known as the oil-washing 
process, has a number of definite advantages 
when considered from the viewpoint of the gas¬ 
works and, in fact, it was until recently the only 
method employed. The process consists essen¬ 
tially in scrubbing the gas in a washer containing 
gas oil or other suitable oil. The washing oil 
used, whether it be creosote oil or gas oil, is 
usually readily obtainable and there is a ready 
means of disposal of the sjKuit oils in each case. | 
The former can be run to the tar tanks, whilst the 
latter may be disposed of in the carburetted 
water-gas plant. Another advantage of the oil- 
washing process in comparison with the adsorp¬ 
tion process described below is the comparative 
ease with which the removal of benzole may be 
combined with the removal of naphthalene. In 
fact the two operations can be (tarried out in a 
single washer. In many cases it is considered 
essential to install an oil washer for the removal 
of naphthalene, irrespective of whether benzole 
is removed or not. In such circumstances the 
process of benzole removal is obviously free 
from the capital charge in respect of the 
washer and has to bear only the capital charge 
of the oil circulation and distillation system. 

It is desirable to use separate washers for 
naphthalene removal and benzole recovery, 
when complete freedom from naphthalene in the 
gas is desired. In such cases, if the naphthalene 
washer is placed after the benzole washer, 
advantage may be taken of the increase in 
absorptive capacity and reduction in viscosity of 
the wash-oil in the benzole scrubber, caused by 
the presence of naphthalene in solution in the oil 
(Report Benzole Research Committee, 1928,151). 
The oil fed to the naphthalene washer should be 
quite free from naphthalene; this presents no 
difficulty if gas oil is used for carburetting in the 
water-gas plant. There appears to be no objec¬ 
tion to the use of oil from the naphthalene 
scrubber for making up losses in the benzole 
scrubber, provided the same type of oil is used 
in both. 

The type of washer used has an important 
bearing upon process efficiency. The multi-bay 
horizontal rotary washer is popular in the gas 
industry, because of its low back-pressure and 
ease of control but, as shown by L. Silver (Gas J., 
1934, 205, 372), it is unsuitable where a high ex¬ 
traction- and process-efficiency is desired, owing 
to the impossibility of maintaining the necessary 
high rate of circulation of the washing medium, 
which is of the order of 60-90 gaUons of gas oil 
per 10,000 cu. ft. of gas. Its use is, therefore, 
limited to the partial extraction of benzole from 
gas. A washer free from this drawback is the 
multi-stage static washer, which consists 
essentially of a series of tower scrubbers and so 
possesses features similar to these. It approaches 
more closely to the ideal of counter-current flow 
and provides the required contact between gas 
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and washing oil. Low' initial cost and low back¬ 
pressure are additional advantages. The results 
of a cornpreluMisivc' survey of the absorjdive 
f-apacitics cjf oils which have been used or pro¬ 
posed for benzole recovery are summarised by 
W. H. !b)fTert and G. (daxton (Inst. Gas Eng. 
(^omm. 1930, No. 8) in a disrussion on benzole 
n^covery with particular reference to gasworks 
practice. 

The ability of certain specially prepared ehar- 
eoals to adsorb gases and vapours has long been 
know'll, but it was not until recent years that 
thi.s property has been utilised on a large scale 
for the extraction of benzole from coal gas {v. 
Vol. Ill, 271-276). In 1910 the Bayer Com- 
jiany of Germany patented (G.P. 310092) a 
benzole-recovery process employing activated 
char(‘Oal. Since that date considerable interest 
has been displayed in this alternative method 
for the recovery of benzole and large-scale plant 
are now in operation. One of these installations, 
at the Beckton Works of the Gas Light and Coke 
Company, has a daily capacity of 70-75 million 
eu. ft. of (^oal gas and an output of 20,000 gallons 
of benzole. Operating efficiency is 92'6% {cf. 
H. Hollings and S. Hay, Chem. and Ind. 1934, 
53, 143). 

The efficiency of the oil-washing process, 
which is still tlie more popular, has increased 
appreciably as the result of competition from the 
active-carbon process. The quality of the ben¬ 
zole produced, and also the consumption of 
steam, have improved so that the difference 
between the two proc'csses is not now so marked 
as it was when the active-carbon process was 
first introduced. The production of benzole 
from coal gas has been comprehensively dealt 
with by W. H. Hoffert and G. Olaxton (“ Motor 
Benzole,’’ National Benzole Association, 1938). 

The quality of the crude benzole derived from 
coal gas depends largely upon the conditions of 
carbonisation (cf. W. A. Voss, J.S.C.I. 1930, 49, 
343T.). In general, when the products of car¬ 
bonisation escape from the gas retort or oven 
w'ithout having been submitted to secondary 
thermal decomposition, the crude benzole re¬ 
covered contains a relatively high proportion 
of paraffins and also of unsaturated hydro¬ 
carbons. For example, benzole from gas made 
in a lightly fiUed horizontal retort contains less 
unsaturated and paraffinic substances than does 
that recovered from gas made in continuously 
optwated vertical retorts or in completely filled 
I intermittently operated retorts. 

Removal of Organic Sulphur-Compounds. 
—The increased efficiency of benzole extraction 
in the gas industry during recent years has had a 
marked effect upon the sulphur content of the 
gas distributed. Reduction of the organic sul¬ 
phur content of town’s gas to a minimum is 
desirable in many ways, notably in reducing 
corrosion of heating appliances, in enabling flue¬ 
less heaters to be more generally used without 
nuisance from the odour of sulphur oxides, and 
in improving furnace atmospheres in the heat 
treatment and, more particularly, the bright 
annealing of metals. Several processes, whereby 
the sulphur eontent^can be reduced to 10 grains 
per 100 cu. ft., have been tested in large-scale 
operation. 
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The process of the South Metropolitan Gas 
Company consists in passing the gas at 450° 
over a catalyst of nickel on porous fire-clay 
{cf. E. V. Evans, J.S.C.I. 1915, 34, 9). Under 
these conditions the carbon disulphide reacts 
with hydrogen in the gas, yielding hydrogen 
sulphide and carbori, 

CS2b2H2^2H2S+C, 

In carrying out the process the gas freed from 
hydrogen sulphide passes first through a tubular 
heat exchanger, where it is heated by the hot 
gas coming from the catalysing tubes, and thence 
to a heated chamber in which are assembled the 
vertical 6 in. tubes filled with the catalyst, main¬ 
tained at 420-440°. The treated gas passes 
through the heat exchanger, giving up a large 
portion of its heat to the incoming cold gas, and 
thence, after cooling, to oxide of iron purifiers 
for the removal of the hydrogen sulphide. Apart 
from the conversion of the carbon disulphide 
and the decomposition of a small amount of 
hydrogen cj^anide to ammonia, no material change 
takes place in the gas. The carbon deposited 
during the reaction accumulates on the catalyst 
and is periodically removed by burning under 
controlled conditions in a stream of air. 

The active-carbon process removes about 75% 
of the total sulphur compounds. Methods for 
their separation from the benzole are given in 
detail by W. G, Adam and G. W. Anderson (lx,). 

The normal oil-washing process removes only 
about half the above quantity of sidphur. A 
modified method has, however, been described 
by W. K. Hutchison (Inst. Gas. Eng. 1937, 
Comm. No. 175; cf. B.P. 443094), whereby the 
sulphur content of the gas should be economically 
reducible to less than 10 grains per cm ft. In 
this process more than the normal quantity of 
oil is circulated, but it is distilled under reduced 
pressure to minimise steam consumption. 

A catalytic process for the removal of the 
organic sulphur-compounds which is capable of 
reducing the sulphur content to 4 grains per 
100 cu. ft. is deacril)ed by R, H. Griffith (Inst. 
Gas. Eng. 1937, Comm. No. 175). It is expected 
that gas treated by this catalytic process, 
followed by active-charcoal treatment for the 
recovery of benzole, will have a sulphur content 
which may be below 1 grain per 100 cu. ft. 
A catalyst consisting of nickel deposited on 
white china clay is employed. The catalyst 
used appears to differ in two respects from that 
employed in the South Metropolitan process. 
The latter was (a) prepared from nickel chloride 
by the action of coal gas at a high temperature 
without the intermediate production of the 
hydroxide, and (b) deposited on a different sup¬ 
port material. No deposition of carbon on the 
catalyst takes place in the more recent process. 
The reaction is one of oxidation, the sulphur 
compounds undergoing catalytic oxidation to 
sulphur dioxide and carbon dioxide by combina¬ 
tion with oxygen in the gas; 

CSa+302-C02+2S02 

2COS-l-3O2=2C02+2S6a 

This process has the advantage of eliminating 
nitric oxide simultaneously, an important feature 


where trouble is experienced from nitrogenous 
gum formation in gas (see p. 468a). 

Simultaneous Removal of Hydrogen Sui^- 
PHiDE, Carbon IIioxtdb and Carbon Bisul¬ 
phide BY Means of Limb. —This old process 
consists in subjecting the gas to the action of 
calcium hydrosulphido formed by the action of 
hydrogen sulphide on lime. The calcium hydro- 
sulphide absorbs so large a proportion of the 
carbon disulphide that the total amount of 
sulphur left in the gas can be reduced to 12-20 
grains per 100 cu. ft. The objections to this 
process are as follows ; 

(1) The spent material consists of a mass con¬ 
taining calcium sulphide, having a smell of 
hydrogen sulphide, etc. 

(2) The discharging of the spent material 
from the boxes is unpleasant to the men em¬ 
ployed. 

(3) The process is somewhat uncertain in 
action. 

(4) Great difficulty is experienced in disposal 
of the spent material except in smaller under¬ 
takings in agricultural districts. 

Apart from these objections, this method in¬ 
volves the complete removal of carbon dioxide 
whether this is advisable or not. 

It has long been known that by re-heating 
the gas freed from hydrogen sulphide to 300-350° 
the carbon disulphide is largely converted into 
hydrogen sulphide, which may then be removed 
by oxide of iron purification, but practical diffi¬ 
culties in large-scale working prevented its 
adoption. (For a full account of these methods, 
see Carpenter, J. Gas Lighting, 1914, 126, 928.) 
The first successful plant of any magnitude for 
carrying out the method was that of Hall and 
Papst at the Oregon Works, U.S.A., where a 
plant was erected dealing with 4,000,000 cu. ft. 
of gas per day, and effected an average reduc¬ 
tion of the sulphur from 58 to 17 grains per 100 
cu. ft. 

Removal and Recovery of Cyanogen Com¬ 
pounds. —It has long been known that crude 
coal gas contains hydrogen cyanide and probably 
other cyanogen compounds. The total amount 
varies considerably at different works, but under 
the conditions of modem practice the amount 
of hydrogen cyanide in the gas leaving the retorts 
averages about 120-130 grains per 100 cu. ft. 
About one-quarter of this is removed in the 
virgin liquor during condensation, partly as 
ammonium cyanide, but chiefly as ammonium 
thiocyanate, into which the cyanide also passes 
on storage. Smaller amounts are similarly ab¬ 
sorbed in the washers and scrubbers but, with 
high retort-temperatures, 90-100 grains per 100 
cu. ft. (equivalent to 4-4*5 lb. of sodium ferro- 
cyanide, Na4FeCy2,10H2O, per ton of coal) 
usually remain in the gas entering the purifiers. 
This is absorbed by the oxide in the purifiers 
with formation of a number of compounds as 
the result of somewhat complicated reactions. 
The cyanogen compounds in the spent oxide 
occur normally as ferrous ferrocyanide, ferrous 
ammonium ferrocyanide, ferrous ammonium 
carbonyl ferrocyanide, ferropentacyanide, and 
also os thiocyanates of ammonium, iron, and 
calcium. The ferrocyanides are classified to¬ 
gether 08 Prussian Blue and vary in amount from 
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1% to 9% in a spent oxide containing 60% of 
sulphur. The thiocyanates may be present 
in amounts which vary, in general, from nil 
to 7%. 

It is a fortunate fact that conditions in the 
purifier which favour the satisfactory removal 
of hydrogen sulphide also favour the removal 
of hydrogen cyanide. It should be noted, how¬ 
ever, that hydrogen cyanide is absorbed and 
fixed only by ferrous oxide or iron sulphides. 
In other words it is not absorbed by fresh or 
fully revivified oxide. The maintenance of satis¬ 
factory conditions in the purifiers has been fully 
discussed by R. H. Clayton, H. E. Williams and 
H. B. Avery (Gas J., 1931,196, 311), particularly 
with regard to moisture, oxygen and ammonia 
control. The formation of large amounts of 
ammonium salts gives rise to undesirable con¬ 
ditions and should bo avoided. It is important 
in this respect that the sulphided layer should 
be deep, thereby favouring the formation of 
Blue and not thiocyanate. Excessive quantities 
of ammonia in the gas are to be guarded against 
for the same reason. 

Hydrogen cyanide can be completely ab¬ 
sorbed by lime purification. 

Other Purification Processes. —As already 
mentioned, a portion of the hydrogen sulphide 
is removed with the ammonia, being absorbed 
by the aqueous ammoniaeal solution with forma¬ 
tion of ammonium sulphides, but the amount of 
ammonia present is much below that required 
for complete removal. Many attempts have 
been made to modify the scrubbing process in 
such a way as to effect simultaneous removal of 
sulphur impurities and, in some cases, of the 
carbon dioxide as well. Hills (B.P. 1309, 1868; 
934, 1874; 1896, 1875) based a process on the j 
fact that when ammonia liquor is heated to 
about 90° it gives off largo quantities of hydro¬ 
gen sulphide and carbon dioxide, but only very 
small quantities of ammonia, the residual liquor 
then containing large amounts of free ammonia, 
available for washing further quantities of gas. 
Claus (B.P. 2838 and 2866, 1881; 4644, 1882; 
6959, 1883) combined Hill’s process with the 
continuous distillation of a large amount of the 
liquor, the ammonia being returned to the gas, 
so that the amount of ammonia in the gas in the 
scrubbers was four or five times that normally 
present. By washing, in addition, with a solu¬ 
tion of ammonium polysulphide, the amounts 
of hydrogen cyanide and carbon disulphide were 
largely reduced. The hydrogen sulphide was 
converted to sulphur and recovered. Consider¬ 
able losses of ammonia, and other difficulties 
operated against the success of the process. 

Attempts along these lines continue, and while 
some of the processes evolved have been con¬ 
sidered sufficiently satisfactory to justify large- 
scale operation, there is, as yet, no evidence that 
conventional methods embodying separate re¬ 
moval of the sulphur compounds have been 
seriously challenged. It is not possible to 
enumerate all the methods proposed, but one 
or two examples may be given. The Rostin 
process consists in mixing the gas in a washer 
with ammonia liquor which has been passed over 
copper oxide. The resulting copper sulphide 
is filtered off and the copper recovered as 


oxide. The liquor, after use, is returned to the 
vessel containing the granular oxide, where it is 
recharged and becomes ready for use again. 
The gas, thus freed from hydrogen sulphide, is 
then passed at 160° through a tower charged 
with a special ore for the removal of organic 
sulphur compounds. An experimental plant 
embodying this process is described by A. Thau 
(Gliickauf, 1936, 75, 541). A process installed 
at Billingliam is described by F. F. Smith and 
O. R. Pryde (Chem. and Tnd. 1934, 657). This 
depends on the reduction and oxidation of 
ammonium ferrocyanide and utilises the am¬ 
monia in the gas as the alkali in the scrubbing 
solution. Simultaneous removal of the hydro¬ 
gen sulphide, the hydrogen cyanide and about 
60% of the ammonia takes place. Apparently 
most of the ammonia is lost into the atmo¬ 
sphere ; 80% of the sulphur is recovered. 

Various methods have been proposed for the 
recovery of the ammonia directly as sulphate, 
by utilising the hydrogen sulphide as a source 
of the sulphuric acid. Such methods include 
those of Burkheiser (B.P. 20920, 21763, 1908; 
17359, 1910; 16172, 1912) and of Feld (B.P. 
3061, 1909; 5838, 1911; 157, 10147, 1912; 
Z. angew Chem. 1912, 25, 705). H. Baar 
(Brennstoff-Chera. 1937,18, 248) has described a 
process for the simultaneous removal of ammonia 
and hydrogen sulphide by which the crude gas, 
after the addition of air, is oxidised catalytically 
at 350-450° and the sulphur dioxide extracted 
by the ammonia in the gas. The sulphite formed 
is oxidised to sulphate. Numerous other pro¬ 
cesses along these lines are described in the 
literature. 

Gas Drying. —Water present in the gas enter¬ 
ing a distribution system is responsible for cor¬ 
rosion with its subsequent expense in the upkeep 
of mains, pipes, meters and appliances. Accu¬ 
mulation of water will lead also to blockages. 
It is with the object of overcoming those and 
other drawbacks that attention has been directed 
to the dehydration of gas, a subject which 
is rapidly assuming importance in the gas 
industry. 

Water vapour may be removed from the gas 
by several means, viz.: by compression, by 
refrigeration, by the use of solid adsorbents or 
of hygroscopic substances, either solid or liquid, 
and processes for the dehydration of gas based 
on these have been evolved. 

Most of the methods actually in operation are 
based on the use of a hygroscopic solution, the 
most commonly used being calcium chloride. 

A typical gas dehydration plant consists of a 
tower scrubber with wood filling, down which is 
sprayed, counter-current, a 40% solution of 
calcium chloride. The solution, in passing to 
the tower, is cooled while a portion of the 
weakened solution, returning to the stock tank, 
is passed over an evaporator. 

The position of the gas drying plant on the 
wmrks is immediately before or immediately 
after the holder. 

When naphthalene is deposited by cooling 
either wet or dry gas, the concentration retained 
by the gas at a given temi>eratiu'e is independent 
of the humidity of the gas. Whilst it may be 
deduced that dehydrated gas will more easily 
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cauwe tho (‘vaporation of an old naphthalene tion. Any gas drying pr(»ocH8 should be iiiBtalled 
deposit than will wet gas, it do(‘H not follow that at the outlet of the gas-holders. The rate of 
on reacliing a zone of lower temperature the reaction in coal gas between nitric oxide, oxygen 
dehydrated gas will be less liable to deposit and dioleiins is primarily dependent upon the 
solid naphthalene. concentration of the diolefins and the reaction 

Gum Formation in Gas. —It has been a is often preceded by an induction period depen- 
inatter of general experience that there has dent on concentration and temperature. The 
been a marked decrease during recent years in distribution of a mixture of stored and unstored 
the number of stoppages of service pipes and gas is objectionable because the reacting gas 
appliances, due to naphthalene, water and rust, from the storage system may start a reaction 
Within the past few years, however, deposits of in the unstored gas which would otherwise be 
gummy material have been observed in appli- inhibited by contact with the surfaces of the 
ances in certain areas. The complaints to which pipes. 

these gum deposits have given rise are loss Hydrogen Sm.pHiDE Contamination 1)ur- 
numerous than those formerly resulting from ing Storage. —The phenomenon of hydrogen 
naphthalene, but where they occur the matter sulphide generation in gas-holder water was first 
becomes an urgent one since it is found that the described by Ymonct ( J. de I’ficlairage au Gaz, 
gum is most likely to create a nuisance in some 1898; J. Gas Lighting, 1898, 73, 77; 1899, 74, 
of the most modern typo of appliances. Pilot 370). In 1904 Tapley show^ed that bacterial 
lights, fine adjustment valves and governors are reduction could bring about the formation of 
the most sensitive units. hydrogen sulphide from sulphates under con- 

The gum deposited from town's gas in this ditions similar to those in holder tanks. The 
country differs from the so-called liquid 'phase trouble appears to have become more frequent 
gum derived from rich carburetted water gas. in recent years, and Evans (Gas World, 1932, 97, 
It is (diaracterised by a higher nitrogen content 431) has pointed out that prior to the general 
and is formed by the interaction of small adoption of naphthalene removal, solid naphtha- 
quantities of nitric oxide, oxygen and un- lene and associated heavy oils collected in holder 
saturated hydrocarbons, such as butadiene and tanks and saturated the water w^hich w^as thereby 
cvclopentadiene (c/. H. Hollings, Inst. Gas Eng. rendered bactericidal. 

1936, Comm. 147). All coal gas as manufactured During the autumn, atmospheric temperature 
under normal conditions in any type of retort, changes can give rise to convection currents in 
and all carburetted water gas, contain more than the holder water, with the result that if bacterial 
sufficient unsaturated hydrocarbons to react action has been taking place in the water at the 
wdth all the nitric oxide present. When the bottom this foul water rises to the surface, 
benzole has been removed from the gas by active Many holders at this period begin to give off 
carbon, the diolefins may be removed to such excessive quantities of hydrogen sulphide, and 
an extent that reaction in the stripped gas is unless tests liavc been made in preceding months 
sluggish or suspended. In such cases the ad- there will be little or no warning of the approach 
mixture of unstripped water gas is desirable to of quite high concentrations. The rapid reduc- 
hasten gum precipitation. The normal type of tion of sulphates is not confined to the holders, 
oil washing process for benzole usually leaves but is found in an exceptional degree in holders 
sufficient diolefins in the gas for subsequent recently fiUed with pure town’s or well water, 
reaction to proceed normally. The concentra- The use of water with a low sulphate content is 
tion of nitric oxide in the gas is the important an obvious precaution. When the gas is being 
factor which determines whether or not gum contaminated to an excessive degree it is 
formation is to be anticipated. Any concentra- necessary to consider steps for the removal of 
tion of nitric oxide in excess of 0 05 part per the hydrogen sulphide from the water; oxidation 
million of gas by volume may give rise to trouble, by means of aeration has proved efficient, but is 
Most of the nitric oxide in coal gas is due to liable to be objectionable, and the use of a 
w'aste combustion gases drawn into the retorts regulated amount of hydrogen peroxide is to bo 
from the heating flues, or to air drawn in at the preferred. Details of these and other methods 
retort mouthpieces and burnt inside the retorts, are given in a combined report on the subject 
Little nitric oxide is removed during the to the Institution of Gas Engineers by the Gas 
ammonia recovery process, but the oxide of iron Light and Coke Company and the South Metro- 
purifiers normally absorb about 50% of it. politan Gas Company (Gas J. 1935, 212, 505). 
The gas leaving the purifiers contains nitric Yield of Gas and By-Products.—^T he 
oxide but no gum. Most of the gum is formed volume of gas obtained varies according to the 
in the gasholders, although any nitric oxide in quality of the coal carbonised and to the con- 
the gas leaving the works may react later to ditions of carbonisation. The volume produced 
form gum during distribution. Gas-holders, per ton of coal, wdthout steaming the retorts, 
therefore have two functions in addition to measured moist at 60°F, and 30 in. bar., usually 
storage: falls within the limits oi 9,000 and 14,000 cu. ft. 

(1) To allow time for any nitric oxide in the From the same coal the higher the yield of gas 

gas to react, and the lower is the calorific value. 

(2) To allow time for the gum formed to settle. The chief constituents of purified coal gas, 

Gum particles settle at a greatly increased rate obtained by the simple carbonisation of coal, 
if there is simultaneous condensation of mois- are: Hydrogen, Methane, Carbon Monoxide, 
ture, and it may even be necessary to add steam Benzene, Ethylene, Nitrogen, Oxygen and Car¬ 
at the holder inlet in hot weather in order to bon Dioxide. Other substances are present in 
promote saturation and subsequent condensa- small quantity^ relatiyQ proportional 
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naturally vary, but, for the most part, the chief 
constituents Ihll within the following limits: 


Per cent. 

Hydrogen.38-55 

Carbon Monoxide . . . . 4 15 

Methane.22-25 

Ethylene.2-4 

Benzene.0-5-1 

Oxygen.0-1 -5 

(-arbon Dioxide.0-3 

Nitrogen.2-20 


A method for Die assessment of gas-making 
results has been evolved by >S. Pexton (.1. Inst. 
Fuel, 1935, 8, 200). It introduces u new term, 
“ the* hydrocarbon enrichment value,” which 
may be expressed algebraically as follows: 

where E=the hydrocarbon enrichment value, 
V=voluine yield of purified gas per ton of coal 
or per gallon of gas oil, H~calorific value of the 
purified gas, and N—percentage of inerts in the 
purified gas. The simplicity of application and 
usefulness of the hydrocarbon enrichment value 
are due to the fact that, for given conditions, it 
is a single number depending solely on the yield 
and calorific value of the hydrocarbons them¬ 
selves. The production of blue water-gas by 
steaming does not in any way complicate the 
employment of this index to show the enriching 
value of the hydrocarbons in the coal gas. In 
the absence of gas leakage from the retorts, the 
hydrocarbon enrichment value becomes an index 
of cracking conditions within the retort. 

The yield of coal tar with horizontal retorts 
varies commonly from 9 to 13 gallons per ton 
of coal, averaging about 10 gallons, or some 
5-5% of the weight of the original coal. Its 
S}).gr. varies from about 1 10 to 1 *25, tliis depend¬ 
ing largely upon the temperature of carboni¬ 
sation. The higher the temperature to w^hich 
the volatile products are exposed, the higher is 
the average carbon percentage and the lower the 
hydrogen porcejitage of the tar, and the greater 
the amount of the so-called “free carbon” 
formed; the latter, although in appearance 
resembling amorphous carbon, always contains 
hydrogen, and consists of derivatives of very 
complex hydrocarbons, which are infusible and 
insoluble in the remaining tar. The yield of tar 
from vertical retorts is higher and is increased 
by steaming, the tar being thinner and having a 
sp.gr. of 1*07-1*13. It contains only 40-55% of 
pitch instead of the 60-70% in tar from hori¬ 
zontal retorts, and also only small amounts of 
“ free carbon.” 

The ammoniacal liquor contains a quantity 
of ammonia calculated as sulphate, equivalent 
generally to a yield of from 22 to 30 lb. of the 
latter j)er ton of coal. It is usually higher (up to | 
46 lb.) in continuous vertical-retorts, and is con¬ 
siderably increased by steaming. For the com¬ 
position of ammoniacal liquor and its working up 
into ammonium salts, v. Ammonia, Vol. I, p. 346. 

The yield of coke averages about 14 cwt. per 
ton of coal, but some of this is used for heating 
the retort setting and for other purposes on the 
works, so that the amount available for sale is 


less than this, and a sale of 10 cwt. per ton is not 
often exceeded. 

Manufacture of Carburetted Water 
Gas. 

I’lie reaHoiiH for Dx' development of the car- 
bnretted water gas plant as a Hupplernent to coal 
gas plant may be stated as follows: 

(1) The chief raw material re(|iiired is cuke, 
wliich is a by-product from the carbonisation 
plant; the manufardure of a certain proportion 
of water gas therefore enables the gas under¬ 
taking to exercise some control over tlie coke 
market and to prevent the prices of coke being 
unduly depressed. Any fall in tlie jirice of coke 
increases the net cost of coal-gas manufacture, 
80 that the water-gas plant plays an important 
part in stabilising the price of town’s gas at a 
lower level. 

(2) Because of the large variations which occur 
in the demand for gas at difierent seasons of the 
year, it is necessary to maintain a relatively 
large reserve of plant capacity capable of being 
brought into action at short notice. Water-gas 
plant is particularly suitable for meeting tem¬ 
porary and sudden demands for gas, not only 
because the capital charge involved when it is 
lying idle is less than the capital charge upon 
carbonising plant, but also because it can i>e 
brought into aedion at much shorter notice than 
can carbonising plant. 

(3) The labour re(iuired for the manufacture 
of water gas is less than that required for the 
manufacturing of coal gas. This is a most im¬ 
portant consideration in respect of any manu¬ 
facturing unit, but is especially important in 
respect of a unit which may be required to work 
at irregular intervals. 

One of the disabilities of the manufacture of 
water gas is that its calorific value is considerably 
less than that of coal gas and less than is generally 
considered desirable in a gas to be distributed 
for general use. Therefore, unless it is to be 
used in small proportions only, it is necessary 
to enrich it by means of oil from foreign sources 
of supply. 

It will be appreciated that, since it is necessary 
that the mixture of coal gas and water gas 
should have a constant calorific value, it is 
necessary to use varying quantities of oil to 
produce varying quantities of carburetted water- 
gas if the output of the plant is to be varied 
from time to time, as it is in practice for the 
reasons given above. 

The manufacture of water gas itself (commonly 
known as “ blue ” water gas, owing to its burn¬ 
ing with a blue non-luminous flame) is dealt 
witli in a separate article {see Gas, Water), and 
will be considered here only so far as it concerns 
#he manufacture of the carburetted gas. Fig. 21 
illustrates the operation of a carburetted water- 
gas plant. Modern practice has added to this a 
number of refinements, which are described and 
illustrated below. These refinements do not 
affect the principles underlying the process, 
which can be more readily appreciated from 
this diagram of an early plant. The generator, 
A, is filled with coke, the latter being ignited 
1 at the bottom and raised to incandescence by 
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blowing in air from a fan, the amount of air the top of the su]>erheater, which is open during 
being regulated so that the gases coming away this operation. These gases pass away at a tem- 
from the generator contain sufficient carbon perature ot 700® and the total of their potential 
monoxide to bum readily. These pass to the and sensible heat content accounts for 20% of 
top of the “ carburettor,” F, which is filled the heat contained in the coke consumed during 
with fire brick checker work, a secondary streani the heating (blowing) and gas-making periods, 
of air l>eing added to the gas at the top when the The attachment of waste-heat boilers to water 
carbon monoxide burns and raises the fire brick gas plant to recover this heat as steam has now^ 
checker work to a red heat. The gases pass become standard practice, 
away from the bottom and enter the bottom of When the coke in the generator is sufficiently 
the “ superheater,” G, where they meet with hot, and the checker work in the carburettor 
more air, and the remaining carbon monoxide and superheater raised to the required tempera- 
burns to the dioxide and raises the checker work ture, all three air valves and the stack valve are 
in the superheater also to a red heat. Ihitil closed and steam turned on to the generator, 
recent years the W'aste gast^s were allowed to water gas being produced, which passes to the 
escape into the air from the “ stack valve ” on top of the carburettor. At this point oil is 



GENeRATOR CARBURETTOR SUPERHEATER WASHER SCRUBBER. 


Fig. 21.—Cakburetted Water-Gas Plant. 

sprayed into the gas, and passes with the latter amount of carbon dioxide produced becomes 
over the hot checker work, where it is volatilised, excessive. The steam is then shut off, the oil 
the vapours then undergoing decomposition, having also been shut off from the carburettor 
which is completed on passing through the super- a short time previously; the generator air-valve 
heater, the oil being thus converted into per- is then again opened and also the secondary air- 
manent gas and condensible tar vapours. The valves and stack valve, and the coke and checker 
stack valve being now closed, the mixed gas work raised to a suitable temperature as before, 
passes through a seal pot, H, which prevents gas this period of working, being known as the 
returning up the stand-pipe when the stack “ blow.” The gas-making cycle then recom- 
valve is open, thence through scrubbers filled mences. From time to time steam is passed 
with boards and tubular water-cooled condensers downwards instead of upwards through the 
to reduce the gas to atmospheric temperature and generator during the run in order to control the 
condense the tar vapours and excess of steam distribution of temperature, 
from the gas. As the formation of water gas Several important advances have been made 
takes place with absorption of heat, the tern- in the method of operation as exemplified in the 
perature of coke in the generator steadily falls, plant just described, and a number of mechanical 
and eventually reaches a point at which the devices have been introduced. The use of the 
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wasie-hoat boiler, already referred to, makes 
possible the generation of steam equivalent to 
lb. per lb. of coke consumed in the genera¬ 
tor or from 60 to 90 lb. per 1,000 cu. ft. of gas 
made. The steam requirements of carburetted 
water-gas plant for all purposes, including pro¬ 
cess steam, power for air blowers, gas exhausters, 
pumps, etc., average 80-100 lb. per 1,000 cu. ft. 
of gas. It will be apparent, therefore, that the 
application of waste-heat boilers results in the 
installation becoming practicaUy self-supporting 
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in the matter of steam supply. A modern plant 
is shown in Fig. 22. 

Other improvements have led in the direction 
of reducing the arduous labour of removing the 
resulting clinkered ash. Automatic mechanical 
grates are now in use and are most successful 
when used with water-jacketed steel-walled 
generators. The upper part of such a generator 
is a steel shell lined with refractory material as 
in the older type of generator. The lower por¬ 
tion is a steel annular steam-boiler, which is 



used to j)revent the atlhorence of clinker to the 
sides of the generator. The grate is conical in 
shape and is pierced for the passage of air, steam 
and gas. It is mounted on a steel drum which 
is attached to the ash pan. This pan is sup¬ 
ported and kept in position by rollers and made 
to revolve slowly by means of a motor. In 
relation to the annular boiler the ash-pan 
revolves concentrically while the grates rotate 
eccentrically, the effect being to crush the clinker 
against a crushing plate. The broken clinker 
and ashes fall to the bottom of the pan and are 
extracted by a plough, a scraper placed dia¬ 


metrically opposite preventing the ash from 
consolidating on the bottom of the ash pan. 

The time ordinarily occupied in clinkeriiig is 
profitably employed in gas making. It is 
claimed that a boiler generator and rotary grate 
give a 10% increase in output over and above 
that obtained from a fixed-grate generator. 

Automatic operators are now used to operate 
all the working valves of carburetted water-gas 
plant in safe and proper sequence at any desired 
intervals. Should any of the valves fail to 
operate or tend to operate in incorrect sequence, 
a safety device returns them all to the shut 
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position, opens the stack, stops the auto- 
operator and gives audible warning. 

The Baok-Hijn Pbocess. —The back-run itself 
is simply a “ down-run ” during which steam is 
admitted at the top of the superheater, passes 
downwards through the “ superheater,’* upward 
through the carburettor and into the top of the 
generator. The blue gas made during the back- 
run is taken away through the cooling grate. 

The following are details of a complete water- 
gas cycle, using the back-run process, and indi¬ 
cating the modern practice of using a rather 


short cycle. 

him. 

Min. 

See. 

l^p-riin . . . , 

. . 1 

.30 

Back-run . . . . 

. . 1 

0 

Purge (up) . . . 

. . 0 

10 

Total run . . . . 

2 

40 

Blow. 

. ! 1 

50 

Gomph'tc cycle 

. . 4 

30 


Oil is admitted during the u})-run only. It 
should be realised that with the use of the 
back-run less heat is available for recovery in 
waste-heat boilers. 

The introduction of waste-heat boilers, rotary 
self-cleaning grates, the back-run process and 
automatic operation have resulted in consider¬ 
ably lowering working costs with greatly in¬ 
creased outputs per unit. The efficiency of 
water-gas manufacture itself is not so high as 
that of the carbonisation of coal. Without oil 
enrichment or waste-heat recovery the thermal 
efficiency is 4(>-50%. The addition of waste- 
heat boilers raises this to 60% and the high 
efficiency of oil cracking gi ve^ an efficiency of 70% 
for carburetted water-gas manufacture under 
modern conditions. 

The oil employed is mostly that fraction of 
petroleum lying between the burning oils 
(kerosene) and the lubricating oils, and is 
referred to as gas oil.” The amount of oil 
used depends upon the required calorific value 
of the carburetted water-gas. Each gallon used 
per 1,000 cu. ft. raises the calorific value by very 
approximately 100 B.Th.U. The practice of 
pre-heating the gas oil is less in favour now than 
formerly, since it gives rise to a number of 
practical difficulties. Recent American practice 
includes the use of butane for enrichment (c/. 
W. K. Beard, Proc. Amer. Gas. Assoc. 1935, 753). 
Investigation has shown the importance of a 
knowledge of the oil-cracking process, notably 
in relation to the nature of the gas oil, the tem¬ 
perature of cracking and the rate at which the 
oil vapours pass through the cracking zone. 
Laboratory and full-scale work on the subject 
is described in detail by R. H. Griffith (“ The 
Manufacture of Gas : Water Gas,” Benn, 1934). 

As the gas production is intermittent, a 
balancing reservoir is required for the gas if this 
is to be passed through the purifiers at a uniform 
rate. Eor this purpose a relief gas-holder is 
placed at the condenser outlet into which the 
gas passes intermittently as made, and is drawn 
from it continuously by an exhauster and forced 
forward to the purifiers. The gas is purified 
from tar fog and hydrogen sulphide by the same 


methods as adopted with coal gas. Dstially 
separate purifiers are employed for this gas, the 
purified streams of coal gas and carburetted 
water-gas mixing together at the outlet of their 
respective meters before reaching the holders. 

The only by-product obtained other than spent 
oxide from the purifiers is the oil tar, no am¬ 
monia being produced in the process. The oil 
tar is a comparatively thin oil of sp.gr. 1-0-1-05, 
consisting mainly of aromatic hydrocarbons. It 
contains only about 30-35% of pitch and 
scarcely any “ free carbon,” the solid matter 
found in it consisting chiefly of tine coke ash 
carried over from the generator with the stream 
of w'at-er gas. 

The amount of coke employed in the manu¬ 
facture, including that used for raising steam, has 
fallen steadily with technical development. 
The figure for all authorised undertakings in this 
country was 44-5 lb. per 1,000 cu. ft. of gas made 
in 1936, as compared with 55-9 lb. per 1,000 cu. 
ft. in 1921. 

^Thc following is an analysis of a typical car- 
l)uretted water gas having a calorific value of 
450 B.Th.lI. per cu. ft. : 


COo . . . . 

. . . 5-9 

02. 

. . . 0-4 

CnHm . . . . 

. . . 7-0 

CO . . . . 

32’2 

H2 . 

. ! ! 37-8 

CH, ... . 

... 9-1 

CgHo . . . . 

... 2-2 

N.. 

. . . 5-4 


100.0 


As explained already gases of higher or lower 
calorific value may be produced by using more 
or less oil, the gases then contain a greater or 
less percentage of hydrocarbons. 

Complete Gassification. —Many attempts 
have been made from time to time to devise 
apparatus for the complete gasification of raw 
coal in a single stage, t.e. to give various mix¬ 
tures of coal gas, water gas and producer gas, 
leaving a residue of clinker. The use of coal in 
the water-gas generator forms the basis of a 
number of these processes. No process has yet 
proved to be generally acceptable to the gas 
industry, although there is considerable interest 
in investigatioris which are in progress in various 
quarters. It should perhaps be pointed out that 
the adoption of any of these processes on a large 
scale would have a profound effect upon the 
relationship of the industry to the coke market. 
In connection with some of the processes con¬ 
sideration might have to be given to the high 
carbon monoxide content of the gas and to a 
decrease in the calorific value of the gas supplied. 
The latter consideration raises serious economic 
questions relative to the capacity of storage and 
ffistribution systems. J^ch processes are attcac- 
tive, however, because they open up a possibility 
of a much more general substitution of gaseous 
for solid fuel in domestic life. It is not possible 
to describe the various processes in detail here, 
but reference may be made to the Doppel-Gas 
plant of Strache (J. fiir Gasbel., 1920, 68, 230, 
399) and the Pier process of Murdock, Evans 
and Lungren (Amer. Gas Assoc. 1925). H. J. 
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Hodsnmn and J. W. Cobb (Trane. Inst. Gas Eng., 
1919-20, 429) drew attention to the advantages 
to be derived from the use of oxygen in the 
gasification of solid fuel. In the Lurgi process 
(Inst. Gas Eng. 1936. Comm. No. 141, 13) the 
gasification of brown coal is carried out by 
means of steam and oxygen under a pressure of 
about 20 atm. Working under the auspices 
of the Institution f)f Gas Engineers at Leeds 
University, F. Dent [ibid. 1936, (!omm. No. 141 ; 


:^OAL. 

cf. aUo E. V. Evans, ihUL 1938, Comm. No. 180), 
has gasified fuels at pressures up to 50 atm. and 
has shown that iindiT suitable conditions large 
quantities of methane may be formed. 

Measurement, Storage and Distribution. 

The gas leaving the purifiers passes to the 
station meters, in which its volume is measured, 
I and thence to the gas-holders, where it is stored 



Fio. 23.—CoN^EUSviLLE Mktkr. 


ready for distribution as required. The meters and of meters which function by measuring heat 
employed are usually wet meters, similar to supplied as electricity to warm the passing gas 
those used as consumers’ meters but considerably through a small and defined temperature range 
larger. To save ground space and initial cost, of about 4°F. 

use is being made to an increasing extent of The volume recorded by the meter is corrected 
the ConnersviUe meter (Fig. 23), which is an to a standard temperature and pressure, the 
accurately constructed inverted Roots blower standard adopted throughout the industry being 
with two egg-shaped rotors; of the shunt gas at 60°F. and 30 in. bar,, saturated with 
meter, wherein a small meter registers the moisture. 

volume of a proportion divert/od through a The type of gas-holder most largely used con- 
ehunt as is normally done in electrical practice; sists essentially of a large inverted bell in a tank 
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of water (Fig. 24). In order to reduce the neces¬ 
sary depth of the tank, the bell is usually con¬ 
structed in a number of lifts which slide into 
each other in a manner somewhat similar to the 
sections of a telescope. The guide framing sur¬ 


rounding it is of all-steel construction. In bell 
holders of the spiral guided type, which are also 
very common, a guide framing is dispensed with 
and inclined rails attached to the sides of the 
lifts cause them to rise after the manner of a 



screw thread and lock them in a rigid structure 
when inflated. All telescopic holders throw a 
varying pressure according to the degree of in¬ 
flation. 

Normal figures would be 3-in. water gauge for 
the inner bell, plus 2*in. water gauge for each 


succeeding lift. Thus a four-lift holder might 
give 3-in. pressure when completely uncupped 
and 9-in. when full. 

A considerable number of holders recently 
constructed have been of the waterless type. 
Within a circular or polygonal vertical cylinder 
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of fixed dimensions a horizontal piston rises and 
falls, being at the base when the holder is empty 
and at the top when it is full. 

The piston is sealed around its edge against, 
gas leakage : 

(a) By a tar seal kept filled by an automatic 
pump. 

(?;) By a flexible packing ring of rubber cotton 
fabric lightly greased, or 

(r) By a hollow leather ring filled with oil 
under slight pressure which exudes 
through the leather and provides lubri¬ 
cation. 

Exanij)le8 of the first and second types are to 
be found in various countries of the world, and 
Fig. 25 gives a section of type (a) the most 
generally adopted. Larger capacities can be 
provided by waterless holders, which are built to 
liold up to 20 million cu. ft. These holders 
have the following advantages : 

(a) The pressure thrown, which by weighting 

the piston can be up to 15 in. w.g., is 
practically uniforiu whatever the state 
of inflation, 

(b) The gas is stored out of contact with w^atcr. 

(r) The absence of the water tank reduces con¬ 
siderably the weight on the foundations. 

(d) All parts needing adjustment can be 
attended to whilst the holder is in use. 

In order to control the pressure of the gas in 
the mains in the district of supply, a governor 
is fixed between the holder and the tnmk mains, 
whereby the pressure in the distribution mains is 
reduced to that most suitable. Fig. 26 gives a 
section of a governor. The gas, entering in the 
direction shown by the arrows, must, in order to 
reach the outlet, pass through a device consisting 
of a hollow vertical cylinder closed at the top 
and having a number of slots cut in the vertical 
side, the width of which increase towards the toj) 
of the cylinder. The top of this cylinder is con¬ 
nected by a rod to the bell above, and is capable 
of moving freely up and down with this bell 
which is sealed in water. When water is allowed 
to run into the annular chamber in the bell, the 
latter increases in weight, and with the attached 
cylindrical device sinks, increasing the size of 
the openings through which the gas can pass, 
and by adjustment of the amount of water the 
desired pressure at the outlet can be obtained. 
If, then, owing to increased consumption, the 
pressure of the gas in the outlet main falls, this 
lessened pressure is transmitted to the bell 
which, under the atmospheric pressure, falls, 
increasing the size of the gas openings, allowing 
more gas to pass and restoring the pressure in the 
outlet main. If the consumption decreases and 
pressure increases the beU rises and reduces the 
the size of the gas openings, and in this manner 
the pressure once set remains constant. When 
it is desired to alter the pressure in the outlet 
main to allow for periods of higher or lower con¬ 
sumption in the district, water is either added 
to or run off from the annular chamber in the bell. 

Modem gas distribution aims at providing a 
constant pressure at the consumer’s meter of 
4 in. w.g., irrespective of load conditions. This 
is obtained by increasing the number of feeding 


points into the ordinary or low-pressure mains. 
At each point gas is passed through a station 
governor either from gas-holders at the works, or 
located in an outlying suburb or direct from 
high-pressure arterial mains fed by pumps from 
the works. These arterial mains will be of 12- 
48 in. diameter for distances under 20 miles, and 
be fed at initial pressures of 2-5 lb. per sq. in. 
For longer distances and for scattered areas, 
mains from 2 to 12 in. diameter would be used, 
and with initial presKiires of 20-60 lb. per sq. in. 



For pressures up to 16 lb. per sq. in. cast-iron 
gas mains are usually employed, but for higher 
pressures steel mains wrapped to prevent cor¬ 
rosion and with welded joints are commonly 
used. 

Rbcoedino Gas Caloeimetky. —The Gas 
Regulation Act, 1920, contained the provision 
that the apparatus prescribed for the official 
testing of gas suppli^ by imdertakings having 
an annual output of more than 100 million cu. ft. 
should include a recording calorimeter. By the 
Gas Undertakings Act, 1934, it is decreed that 
from January 1,1939, the prescribed apparatus 
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shall, ill the ease of any thermal unit under¬ 
takers who have sold in the preoeding year more 
than 5 million therms in the form of gas, and in 
the case of any other thermal unit undertakers, 
if it appears to the Board of Trade to bo neces¬ 
sary, include a calorimeter for the production of a 
continuous record of the calorific value of the 
gas which is being supplied. Three instruments 
are prescribed for the larger imdertakings. Each 
is of the flow type in which the heat developed 
by the combustion of a continuous supply of the 
gas to be tested is imparted to a continuous flow 
of heat-absorbing medium, the rise of tempera¬ 
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ture of which is continuously recorded upon a 
suitably calibrated chart. Means are included 
in the instrument for maintaining constant flows 
of gas and heat-absorbing medium, and the rise 
of temperature as recorded is proportional to the 
calorific value of the gas. The recorded calorific 
value is reduced to terms of a standard tempera¬ 
ture and pressure by an appropriate design of the 
instrument. 

In the Boys recording cjalorimeter (Fig. 27) the 
rate of gas burnt is maintained constant by 
means of a gas meter operated by a pcnduhim- 
controlled watcr-wheed, and is itself corrected 



for the varying temperature and pressure of the 
gas by the action of an expanding volume of air 
which operates a ball and plate gear-changing 
system. Water to the calorimeter is periodically 
weighed out by means of a tipping-bucket device, 
and its rise of temperature is, by a system of 
alcohol thermometers, transferred to a chart, 
the rulings on which are printed by the instru¬ 
ment itself. The heated W'ater from the calori¬ 
meter passes through a cooler, over which air i.s 
blown by a fan attached to a hot-air engine, the 
latter also operating a pump which raises the 
water again to an overhead shallow tank. 

In the Fairweathor recording calorimeter gas 


is measured out by means of a meter connected 
to an escapement, and is buimt within a heat 
interchanger in construction very similar to that 
of the Boys non-recording calorimeter. To this 
a flow of water is supplied from an orifice acting 
«inder a head which, by the operation of an ex¬ 
panding volume of air, is made to vary in such a 
manner that the water flow is directly propor¬ 
tional to the faetbr necessary to reduce the gas 
volume to standard conditions of temperature 
and pressure. The rise of temperature of the 
water passing through the calorimeter is trans¬ 
ferred to a suitably calibrated chart by means of 
a system of electrical resistance thermometers. 
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In the Thomas recording calorimeter an electric perature of this air is made to operate a recording 
motor drives three meters contained in a tank, mechanism. These instruments record the net 
one supplying gas to the heat interchanger, calorific value of the gas, but are usually set to 
another supplying air for combustion, while the read the gross value. 

third supplies a volume of air to which is im- The Sigma and the Simmance Calorgraph, 
parted the heat developed in the heat inter- tjrpe R, instruments have been prescribed by 
changer. The rise of temperature of this heat- the Gas Referees for the smaller undertakings, 
absorbing air is continuously recorded on a for use in conjunction with a non-recording 
suitably calibrated chart by a system of differen- calorimeter, in order to give the average calorific 
tial recording resistance thermometers. In this value for three months (see C. G. Hyde and 
instrument, correction for the varying tempera- F. E. Mills, “ Gas Calorimetry,” Ernest Benn, 
ture and pressure of the gas is not required, but 1932). 

slight changes in the specific heat of the heat Gas Quality. —All gas supplied for public use 
absorbing air are corrected for by selecting for must by law be free from hydrogen sulphide, 
the resistance thermometers wire having appro- According to the Gas Works Clauses Act, the gas, 
priate characteristics. when passed for 3 minutes over bibulous paper, 

In another type of recording calorimeter, of previously moistened with lead acetate and dried 
which the Sigma, Beasley and Calorgraph are in air free from hydrogen sulphide, shall not 
typical, a measured volume of gas is burnt darken the paper. The rate of gas passage is 
within a chimney from which free radiation is fixed at 5 cii. ft. per hour (General Notification 
permitted, and into which a volume of air is of Gas Referees). Since the formation of a 
drawn by natural draught. The rise of tern- brown stain of lead sulphide in this manner is an 



Fig. 28.— Total Sulphur Test. 


exceedingly delicate test for hydrogen sulphide, reacts in the presence of the moisture, the excess 
this means that for all practical purposes of oxygen and the ammonia to give a solution of 
the gas passing the test is free from that im- ammonium sulphate. The sulphur determina- 
purity. tion is then carried out by washing out the 

A method for the estimation of the total sul- apparatus with water and estimating as barium 
phur present in purified gas is illustrated in sulphate in the usual way, the amount being 
Fig. 28. The gas is bura^ in a small Bunsen calculated as grains of sulphur per 100 cu, ft. 
burner at the rate of 0’5~0-7 cu. ft. per hour until In view of the risks of slightly low results, due 
about 10 cu. ft. have passed, the flame being to incomplete oxidation of the sulphurous acid 
surrounded by lumps of commercial ammonium primarily formed, a previous treatment of the 
carbonate. The products of combustion to- solution with bromine is advisable. This 
gether with ammonia pass by means of the method for the determination of total sulphur 
trumpet tube into the glass cylinders provided was formerly prescribed by the Metropolitan Gas 
writh a tubulus at the bottom for connecting Referees (Notification of the Gas Referees, 1918, 
with the trumpet tube. The upper portion of 7). Other methods employed include aspiration 
the cylinder is filled with glass marbles, and from of the products of combustion through sodium 
the top a wide bent glass tube is led which acts hypobromite solution followed by estimation 
as a chimney and final condenser. A small tube as barium sulphate, or through neutral hydrogen 
from the cynnder drawn out to a jet conveys the peroxide, the sulphuric acid produced being 
condensed products to a flask or beaker placed determined by titration with standard alkali* 
in a shelf below. The sulphur dioxide resulting The major constituents of coal gas, namely, 
from the combustion of the sulphur compound^ hydrogen, carbon monoxide, methane, ethane, un- 
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saturated hydrocarbons (symbolised as CnHm), 
carbon dioxide, oxygen and nitrogen are 
normally estimated by measuring the change in 
volume or pressure following the removal of one 
constituent by some specific reagent. The 
carbon dioxide is removed with caustic potash 
solution ; unsaturated hydrocarbons with 
bromine water, fuming sulphuric acid or an 
activated sulphuric acid; and oxygen with a 
solution of alkaline pyrogallol or chromous 
chloride. Hydrogen is usually removed by 
oxidation with copper oxide at 270®, while 
carbon monoxide can be either similarly oxidised 
or removed with solutions of acid or ammoniacal 
cuprous chloride. Methane and ethane are 
oxidised by passage over hot copper oxide or 
mixtures of copper oxide with other metallic 
oxides, or alternatively, are burnt with excess 
oxygen. Nitrogen is estimated by difference. 
The apparatus in general use for carrying out a 
complete gas analysis on the lines indicated above 
is that devised Bone and Wheeler (Vol. II, 
p. 676) (cf. Hyde and Mills, op. cit., p, 328). 

The minor constituents of coal gas can be 
estimated either by a process of liquid frac¬ 
tionation (cf. W. J. Gooderham, J.S.C.I. 1937, 
66, 31T.) or by means of special tests. The 
various constituents in the percentage returned 
as “ unsaturated ” hydrocarbons include propy¬ 
lene and other higher olefins, diolefins, acetylene 
and aromatic hydrocarbons. Specific tests for 
individual constituents include colorimetric tests 
for the estimation of hydrogen sulphide, nitric 
oxide and metallic carbonyls, tests involving 
titrations with standard solutions for consti¬ 
tuents such as ammonia, naphthalene, carbon 
disulphide, sulphur and hydrogen cyanide, and 
tests such as the cryoscopic estimation of benzole 
and precipitation of gum. 

Combustion Characteristics. —Until re¬ 
cently the gas manufacturer has been concerned 
primarily with the production and distribution 
of gas of good quality. The increasing scientific 
design and production of appliances has now 
stressed the importance of a knowledge of the 
combustion characteristics. One important cha¬ 
racteristic—calorific value—is already the sub¬ 
ject of control, but performance is also affected 
by specific gravity and composition. The 
specific gravity of town’s gas mixtures is in the 
main dependent upon the following factors ; 

(1) The percentage admixture with coal gas of 

carburetted water-gas, blue water-gas, 
producer gas or waste gas; 

(2) The quantity of oil used for carburetting; 

(3) The quantity of benzole extracted; and 

(4) The inert content of the gas. 

So far as calorific value and the specific 
gravity are concerned, the properties of any 
mixture of gases can be arithmetically calculated 
from a knowledge of the various constituents. 
This is not the case, however, with regard to the 
burning properties of a gas mixture, which are 
dependent upon the relationships between the 
flame velocity of the gas, the air-gas ratio and 
the velocity of the air-gas mixture. The appli¬ 
ance designer, having settled the ratio of primary 
and secondary air to secure proper combustion 
at normal and overload ratings having regard to 
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the nature of the gas, is then faced with securing 
a defined shape and size of flame. In practice 
the height of the inner cone, which is a measure 
of flame propagation, is found to be the con¬ 
trolling factor. If this is or becomes too long, 
giving a soft flame, combustion may be impaired, 
unwanted flame contacts may occur and effi¬ 
ciency be lowered. Alternatively, too short a 
cone, giving a hard flame, will lead to noisy 
operation, risk of flashing back or blowing out 
and irregular control. Efforts have been made 
in this country and in Germany, the United 
States and Switzerland, to devise means of assess¬ 
ing these combustion characteristics. The first 
attempt at a practical solution appears to have 
been made by Hofskss in 1919 (J. Gasbeleucht. 
1919, 62, 541), who employed a Bunsen burner 
with a fixed air inlet and deduced a “ nominal 
flame velocity ” from the height of the inner 
cone, which would serve to indicate the tendency 
of a gas to flash back or smother. In 1925, Ott, 
of Switzerland, introduced a burner in which 
the air port was calibrated so that the degree of 
opening required to produce popping back for 
any gas could be recorded on an arbitrary scale 
(cf. Schweiz. Ver. Gas-Wasserfach. Monats-Bull. 
1931, 137). This “ Ott Number ” is used as is 
the “ nominal flame velocity ” of Hofskss—to 
assess the combined effect of all the factors 
making for a hard or soft flame. More recently 
Czako and Schaak (Gas-u. Wasserfach, 1934, 
77, 587) designed the “ Priifbrenner,” in which 
the methods of Hofsilss and Ott are combined. 
A calibrated air port is adjusted to give a fixed 
height of inner cone and elaborate arrangements 
for reproducing the adjustments are made. In 
this country a simplified burner, based on the 
same principles as the “ Priifbrenner,” called 
the ” Aeration Test Burner,” has recently been 
produced. 

From the foregoing it will be evident that it 
should be a matter of concern to every gas under¬ 
taking that the gas manufactured will at all 
times meet those reasonable requirements which 
may be generally demanded as the result of 
progress in gas utilisation technique. At the 
same time the desirability of avoiding develop¬ 
ments in appliances along lines which impose un¬ 
due limitation of gas properties must receive 
consideration. 

A practical example of the application of tests 
on combustion characteristics is seen in the 
work of P, C. Gardiner, who has conducted in¬ 
vestigations with gases of varying Ott numbers 
in standard street lamps (cf. C. A. Deas, Gas. J. 
1936, 216, 672). When adjusted for a gas of 
high Ott value a considerably greater variation 
can be tolerated without lighting back than when 
the lamp is set for a gas of low value, thus indi¬ 
cating the desirability of keeping the Ott 
I number as high as possible. It was found that 
I uSixtures of coal gas and producer gas have a 
I higher Ott value than mixtures of coal gas and 
water-gas of the same calorific value. 

The Joint Research Committee of the Institu¬ 
tion of Gas Engineers and Leeds University has 
given a synopsis of available information upon 
gas quality, combustion characteristics and 
burner pei%>rmance, designed to show which 
points may be regarded as definitely established. 
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which require supplementary investigation and hydrocarbon gas are lacking, the gas is obtained 
to what extent gaps in the existing state of as a by-product of petroleum-cracking and of 
knowledge require to be filled (Inst. Gas Eng. the hydrogenation-cracking of coal. 

1937, Comm. No. 166). Attention is also drawn The process of winning liquefied hydrocarbon 
to the work of C. A. Masterman and E. W. B. gas from natural gas comprises, in the first 
Dunning {ibid. Trans. 1931-32, 142) of If. stage, a process of “ stripping,” Many methods 
Bruckner and 11. Ldhr (Gas-u. Wasserfach, 1936, have been devised to accomplish this {e.g. 
79, 17) and of the U.S. Bureau of Standards adsorption by activated carbon, rofiigeration), 
(1932, Kept. No. 446) to mention a few of the but that which is now almost exclusively used 
investigations on this subject. Valuable work is one of scrubbing the gas under pressure with 
on gaseous combustion has also been carried out gas oil (Vaiden and Fisher, Petroleum Engr. 
by W. A. Bone and his co-workers and by 1939, 10, No. 10, 128). The resultant extract is 
Payman and Wheeler, to whose numerous works separated from unabsorbed gases and fractionally 
reference should be made in any study of this distilled to give a residue of gas oil which is 
subject. recycled, the requisite fraction of gasoline 

Employment of Coal Gas. —At the present (“ natural gasoline ”), and a cut containing 
time coal gas is employed for a very great and butane and the more volatile liydrocarbons. 
increasing diversity of purposes. During the first This latter fraction contains sulphur com- 
69-70 years of the existence of the industry it pounds; of these, hydrogen sulpliide and some 
was almost entirely employed for illumination by of the morcaptans are removed by an initial 
burning it in open flame burners of various kinds, washing with caustic soda solution, while re- 
For illumination purposes now the light is maining mercaptans are rendered innocuous by 
obtained through the medium of the much more washing with a solution of sodium hypochlorite, 
efficient incandescent burner, in which the burn- After the hypochlorite treatment the cut is 
ing gas raises to incandescence a mantle com- next washed with water, freed from mechani- 
posed essentially of thoria, to which about 1 % cally-entrained water and rectified to give two 
of ceria has been added [v. Gas Mantles). fractions, one comprising the butanes and the 

High-pressure installations are largely adopted other propane together with more volatile hydro- 
for the outside lighting of public streets, etc. carbons. This latter cut is refractionated in a 
A large proportion of the gas sold is now used second column to give substantially pure pro- 
for heating purposes, for example, heating with pane, the distillate being taken off at a tern- 
gas fires and cooking by gas. At the same time perature sufficiently low to ensure its being 
the use of gas has widened, and in addition to anhydrous. Such dehydration is essential to 
its uses in the private dwelling-house it is now' avoid the risk of choking the consumers 
established as a valuable medium for various apparatus by ice or solid hydrates of hydro¬ 
heating, refrigerating and power purposes in carbons. 

restaurants, shops, factories, offices, etc. The Liquefied gas arises as a by-product of the 
adoption by many gas undertakings of a tariff hydrogenation-cracking of coal and of the 
system whereby purchases of relatively large refining of petroleum; in the latter process it is 
quantities of gas could be made advantageously obtained both directly from the crude petroleum 
has aided expansion in these directions. and as the result of various cracking operations. 

The many advantages of town’s gas as an The chemistry and technology of these processes 
industrial fuel are now recognised. Steadily in- are complex and will not bo dealt with here; in 
creasing quantities are employed for diverse pur- general, the winning of the C 3 and C 4 hydro- 
poses, including gas furnaces for metal melting, carbons from the gases comprises (as for the 
gas-fired kilns, annealing, etc. In general engi- natural gas concentrate) one or more stages of 
neeringpractice the use of gas for carburising and rectification and chemical purification. Gases 
general heat treatment work has been largely from the cracking of petroleum contain not only 
adopted. The value of purified town’s gas or saturated hydrocarbons but also a considerable 
coke oven gas for furnace operation in the steel proportion of olefins. The presence of these 
industry is discussed by J. W. Cobb (Chem. and latter in liquid fuel-gas is of no great moment, 
Ind. 1936, 360). since their calorific values do not differ greatly 

H. H. and E. G. S. from those of the corresponding paraffins. 

GAS, LIQUEFIED HYDROCARBON Properties and Use of Liquefied Hydrocarbon 
(BOTTLE GAS). —In the United States, Oas .—The product as marketed in the United 
naturally-occurring hydrocarbon gases have States usually contains 96% of C j hydrocarbons, 
long been employed as a fuel and illuminant, C 4 hydrocarbons being added only as enrichers, 
being distributed from the centre of production and in quantities insufficient to raise the dew¬ 
in the same way as coal gas. The commercial point of the mixture to a temperature within the 
production of liquefied petroleum gas, com- limits likely to be encountered. Small, adventi- 
prising mainly propane and butane, is a later tious amounts of such liydrocarbons as ethane 
development and one which dates principally and pentane may be present. Of the non- 
from about 1910. Such liquefied gas, once hydrocarbon constituents of the gas, water is 
merely a by-product in the manufacture of present only in traces, while the content of 
natural gasoline, has now become an important combined sulphur is kept low to avoid corrosion 
primary product. The gas* available from of equipment, being usually of the order of 2-10 
natural sources is supplemented by that derived grains per thousand cu. ft. Traces of a strongly 
from petroleum-cracking. smelling substance such as ethyl mercaptan are 

In countries such as Great Britain, France and added, to indicate leakages of this otherwise 
Germany, where natural sources of liquefiable odourless gas. 
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Information concerning the preciHC com¬ 
position of the gas marketed in Great Britain is 
lacking, but judging by its calorific value it 
would appear to contain a higher proportion of 
C 4 hydrocarbons. 

Use as a Heating Fuel.—The approximate 
calorific value of liquefied hydrocarbon gas, of 
its constituents and of some other fuel gases are 
given below. 


Gas. 

Calorific 
value.^ 
(B.Th.U. 
per cii. ft.) 

Gas. 

Calorific 
value. 
(B.Th.U. 
l>er eu. It.) 

Propane . 

2,509 

A«-etvlcne 

1,500 

Propylene 

2,300 


3,250 

w-Biitane and 


(’oal gas 

5.50 

isobiitaiKi . 

3,300 

Oil gas . 

1,300 

Butenes . 

3,000 

Air gas® 

110-220 


^ Cf. M. S. Kharascli, J. Rch. Nat. Tiur. Stand. lt)29, 
2, 1159 ; F. I). Rossini, ibid. 1934, 13, 23 ; 1935, 15, 357. 

* The name under whicii liquefied hydrocarbon gas 
Is marketed in (Ireat Britain. 

^ Gas containing ]2-19‘,’„ ])y volume of gasoline 
vapour (7’ulpov, J. Gen. I'hem. Russ. 1939, 2, 395). 

The gas has a high and constant calorific 
value, gives high-temperature flames and com¬ 
bines many of the advantages of gaseous and 
liquid fuels. No generalisation can be made 
concerning whether it is preferable to such other 
sources of heat as coal gas and electricity. It 
t‘an, however, be said tluit in all countries into 
which the gas has been introduced, tlu* market 
for it is a rapidly expanding one, and that it is 
di 8 })la(dng oil gas and air gas. 

In the United States it has found widespread 
industrial application, e.(j. for welding purposes 
and for firing metallurgic^al furnac'cs. Gas {e.g. 
coal gas) manufacturers and users employ 
liquefied j)etroleuni gas to meet difficulties 
arising from abnormal conditions, such as 
failure of supply and unexpectedly high con¬ 
sumption. llomestic consumption of the gas 
(for heating and lighting purposes) is also large. 
Small towns and villages are frequently supphed 
from a central tank holding perhaps 15,000 
gallons of liquid, which is periodically refilled 
from tank-cars. Means are provided for 
vaporising and metering the gas, and for supply¬ 
ing it to consumers either neat or, as is less 
frequently the case, diluted with air to a calorific 
value of 500-900 B.Th.U. per cu. ft. (W. T. 
Ziegenhain, Oil and Gas J. 1938, 37, No. 7, 
pp. 20-21). Where consumers are sparsely 
scattered, it is usual to supply each one in¬ 
dividually with one or two tanks, containing 2-3 
months supply. These are refilled either from a 
central filling station or from a mobile service 
tank. 

Although detailed information concerning the 
market for liquefied gas in Great Britain is not 
available, it would seem that both industrial 
and domestic use is widespread, and that the 
total consumption is large and is rapidly 
increasing. 

Use as a Fuel for Internal Comtmstion Engines. 
—Both the calorific value and anti-knock 
properties (Lovell, Campbell and Boyd, Ind. 
Eng. Chem. 1934, 26, 1105) of the to C 4 all- 
Voh. V.—31 


phatic saturated and of mono-olefinic hydro¬ 
carbons are high. Consequently they are at 
least potentially valuable fuels for internal com¬ 
bustion engines. The storage difficqilties which 
w'ould be associated with the use of gases with 
such low’ critical temperatures as methane and 
ethajic have apparently not yet been sur¬ 
mounted, but the C 3 and C 4 hydrocarbons have 
found considerable application as automobile 
fuels, particularly in the United States, Germany 
and Italy. In (klifornia, 15,000,000 gallons of 
this fuel were consumed in automobiles during 
1937 (Wickstrom, Gas, 1937,14 (7), 55-57) while 
in Germany, where the quantity of coal treated 
by hydrogenation is increasing, a laigc propor¬ 
tion of the by-product C 3 and C 4 hydrocarbons 
is being similarly utilised (Norman, Oil and 
Gas J. 1940, 88 , No. 30, 14). 

The wider aspects of the utilisation of liquid 
hydrocarbon gas cati only be touched upon. 
Propane has found considerable appheation as a 
solvent for the dewaxing of lubricating oils. The 
butanes have been used as a working fluid for 
refrigerators, while /.!<obutane is an important 
raw material for the production of high-octane 
fuels by (catalytic alkylation {i.e. the reaction of 
olefins with isoparaffins in the presence of sul¬ 
phuric acid), i^ropane and the butanes can be 
catalytically dehydrogenated to propylene and 
the butenes, which in their turn serve as starting 
materials for the manufacture of propyl alcohol, 
polynjcr gasoline, etc. 

Bibliography. — The literature eoncerning 
liquefied hydrocarbon gas is large, and for the 
mo.st part deals with practice in the United 
States. This }>artienlar aspect has been well 
summarised in a monograph by E. L. Weaver 
(I'.S. National Bureau of Standards, 1938, Cir¬ 
cular No. 420), while detailed statistical infor¬ 
mation is available in the Mineral Market Be- 
ports issued by the l^S. Department oi' the 
Interior, Bureau of Mines. Progress made in 
the general field of li(iuefied gas manufacture 
and consumption is summarised in “ Annual 
Review’s of Petroleum Technology ” (published 
by the Institute of Petroleum). 

F. H. 

GAS DEFENCE v. Chemical Warfare 
Defence. 

GAS MANTLES .—Modern gas lighting has 
been made possible by two important dis¬ 
coveries : the atmospheric burner developed by 
Bunsen and the luminosity acquired by cer¬ 
tain metallic oxides when heated in a flame. 
Berzelius, who discovered cerium in 1803 and 
thorium in 1825, observed the incandescence of 
the oxide of thorium when heated. Thus it is to 
him that we owe the discovery of the com¬ 
pounds, sometimes called the rare earths, which 
form the basis of the present day gas mantle. 
The development of incandescent gas lighting 
extended over many years of the last century 
and a brief account of the more important 
advances is given in the following paragraphs. 

In 1826 Gurney found that a briUiant light was 
obtained by the impact of the oxy-hydrogen 
flame on a piei^e of solid lime, and Druminond 
employed this newdy discovered lime-light in a 
practical form in 1827. Talbot, in 1836, noticed 
that when a piece of blotting paper was saturated 
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with a solution of lime salts and then incinerated, 
it left a skeleton of ash which glowed brightly in 
the flame of a spirit lamp. This and the earlier 
experiments showed that if a refractory material, 
such as lime, could be obtained in coherent lila- 
ments, a moderately hot flame would raise it to 
brilliant incandescence. 

An interesting forerunner of the present day 
mantle was proposed by Cruickshank in 1839. 
He constructed a device of platinum wire suit¬ 
ably shaped to the flame. The wire was coated 
with a covering of refractory oxides such as lime 
or thoria and the cage was heated by means of a 
w'ater-gas flame. In 1848 Gillard employed 
small mantles made from fine platinum wire 
raised to incandescence by the flame of burning 
hydrogen, and some years later a somewhat 
similar attempt was made by Edison. He 
patented, in 1878, the coating of platinum wire 
with the oxides of zirconium and cerium. All 
these systems failed owing to the high price and 
rapid deterioration of the platinum. 

A mantle of magnesia was developed by Cla- 
mond in 1882. This was made by grinding 
powdered magnesia into a paste with water con¬ 
taining magnesium acetate. When moulded 
into the form of a basket and ignited, the heat 
decomposed the acetate leaving cemented 
particles of magnesium oxide. These mantles 
gave a good light but were too fragile for com¬ 
mon use. Finely powdered magnesia was used 
also by Fahnehjeln of Stockholm in 1883. His 
method was to mix the magnesia with a plastic 
material and form solid rods by extruding the 
paste through a die; the prepared rods of re¬ 
fractory material in the form of a comb were 
suspended over a water-gas burner. Fah- 
nehjeln’s combs, as they were called, gave a 
light equivalent to about four candles per cubic 
foot of gas consumed and they were used fairly 
extensively for domestic lighting. 

The introduction by Bunsen of the atmospheric 
burner, about 1855, greatly assisted the appli¬ 
cation of town’s gas for heating purposes and 
some thirty years later Auer von Welsbach 
made the discoveries which gave the world the 
modem incandescent gas mantle. 

The early eighties marked the commencement 
of Welsbach’s series of discoveries. At this time 
he was engaged in an examination of the rare- 
earth substances, and in the course of his 
researches in 1884 he found it necessary to make 
a great number of observations with the spec^tro- 
scojje. Part of his method was to heat, in a 
Bunsen flame, a platinum wire that had been 
previously dipped in a solution of the salts to be 
examined. Welsbach found that the light 
obtained in this way was not sufficiently per¬ 
manent or intense for his purpose, and he dis¬ 
covered that a cotton thread when dipped in a 
solution of rare-earth salts, dried and subse¬ 
quently incinerated, left an oxide skeleton which 
glowed brightly when heated. Moreover, al¬ 
though the cotton fibre burned away, the rare- 
earth oxides were left behind in a coherent 
thread and did not fall to powder. 

Welsbach perceived the importance of his dis¬ 
covery and, after a further series of experiments, 
he found that a cotton fabric when shaped into a 
sleeve and impregnated with a solution of the 


nitrates of the rare earths, dried and finally 
burned over a Bunsen flame, left a comparatively 
strong framework of oxide that emitted a light 
of considerable intensity. Welsbach’s first 
patent, taken out in 1885, mentioned the use of 
the oxides of lanthanum, yttrium, zirconium and 
magnesium, and a year later a German patent 
protected the use of thorium salts. 

In the early mantles no great care was taken to 
purify the materials iised because the separation 
of the rare earths was difficult, consequently the 
light emitted varied in colour showing green 
to orange tints according to the variations in the 
composition of the oxide mixtures in the mantle. 
The amount of light given by these mantles 
rarely exceeded six candles per cubic foot of gas 
(‘onsumed, and they were so fragile in character 
that they were unable to withstand slight 
shocks. Thus the first Welsbach mantles were 
not a commercial success and showed no great 
advantage over the electric carbon filament 
lamps which were rapidly developing at this 
time. 

About 1891 Welsbach was examining the light 
given by the oxide thoria when he found that 
the intensity of illumination became less and 
less as tiie thorium salts were made purer. By 
this discovery he was led to make a further im¬ 
portant contribution to the science of gas 
lighting by observing that a filament of pure 
thoria had a relatively low illuminating value, 
but a very much greater degree of light emission 
was rendered possible by the addition of small 
quantities of other rare-earth oxides. Pursuing 
his investigations Welsbach added gradually 
increasing quantities of ceria to pure thoria 
and determined that mere traces of ceria 
(‘lidowed the ash with the wonderful light- 
giving property ‘possessed by the modem 
mantle. Welsbach announced this result in 
a patent in 1893 and since that time the 
“ Welsbach mixture ” containing 99% of thoria 
and 1% ceria has been universally used in 
mantle manufacture. Although many thousands 
of experiments have since been made, this 
mixture has remained beyond doubt the most 
efficient (Fig. 1). 

After the introduction of the Welsbach mix¬ 
ture progress became rapid although the mantles 
themselves left much to be desired. Their chief 
defect was that during use they were found to 
decrease rapidly in strength and light-giving 
power, besides shrinking in length and diameter. 
The oxides which can be used in mantle making 
are limited in number owing to the fact that they 
must be able to withstand the temperature of the 
flame for long periods, and the selected oxides 
must not be liable to excessive shrinkage during 
the burning away of the original fabric. The 
oxides of aluminium, beryllium, thorium and 
zirconium are possible substances for the basis of 
a mantle, but of these, aluminia and zireonia are 
liable to considerable shrinkage and volatilisa¬ 
tion, so that the life of the mantle is shortened by 
the gradual wasting away of the threads of the 
skeleton. The oxide of thorium is refractory 
under the heat of a Bunsen burner for a mu(m 
longer time than any other known oxide and in 
the conversion, by ignition, of thorium nitrate 
into thoria, the material expands to 10 times its 
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original volume. For these reasons thoria con¬ 
stitutes the basis of all present-day incandescent 
mantles. 

When Welsbach made the first mantles from 
thori\im salts, the rare earths were obtainable 
only in small quantities and from such minerals 
as thorite and orangite, found in Scandinavia, 
but with the increasing demand a search was 
made for more abundant and cheaper sources of 
the element. It was soon found that raonazite, 
consisting largely of phosphates of the cerium 
group of metals, was very widely distributed 
over the earth’s surface, and the discovery of 
the monazitc sands of Brazil and the Carolinas 
soon gave the industry ample supplies. In the 


early years of this present century immense 
deposits of monazite were found at Tra van core 
in Southern India; these sands contain about 
50% of the mineral, and the monazite is rich in 
thorium oxide. For use in mantle manufacture 
the thorium salts must be of a very high degree 
of purity, and the separation of the thorium and 
cerium from monazite is a process of considerable 
technical difficulty. 

Investigations into the rapid depreciation of 
the early mantles led to the important discovery 
that the structure of the cotton contributed to 
the rapid shrinkage of the mantles when in use. 
Ootton yarn is spun from a large number of com¬ 
paratively short fibres, twisted together during 



% Cerium Oxide 


Fig. 1. 


the spinning process to form a continuous thread. 
The skeleton of oxide left after incineration of 
the cotton retains the physical structure of the 
original fabric, thus the coherent ash of a cotton 
mantle is composed of a large number of short 
twisted lengths (Pig. 2). It is largely the effort 
of those short threads to untwist themselves 
which caused such mantles to lose their shape. 
When greater care was taken to obtain cotton 
with a long fibre, mantles made from this 
superior material showed a distinct improvement 
in durability an<l also in light-emissivity. 

The introduction of ramie fibre in place of 
cotton by Buhlmann in 1898 marked an im¬ 
portant advance in the efficiency of gas mantles. 
Ramie, or China grass (q,v.) as it is sometimes 


tt>rmed, has now almost entirely replaced cotton 
for mantle manufacture. The ramie fibre is 
obtained from the tschuma plant which in its 
raw state resembles the common nettle of 
Europe, and is exported chiefly from China. 
When the stems of this plant are freed from their 
[glutinous coating they leave long straight fibres 
fnf superior strength and durability. These 
fibres require less twisting than cotton, and 
mantles ma<ie from ramie do not deteriorate 
when heated. 

In 1901 Plaissetty developed the use of 
artificial silk. As the fibres of this material are 
practically continuous there is very little twist 
required in the spinning and this substance 
makes an excellent fabric for the manufacture 
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of gas mantles (Fig. 3). The filaments of modem 
artificial silk made by the viscose process have a 
solid structure and are \inlike the tubular fibres 
of cotton or ramie. This difference in the struc¬ 
ture of the thread has an important bearing on 
the ultimate strength of the mantle, although 



Kio. 2 .—Ash or Cotton Mantle. 


the thread is only used as a temporary support, 
for the rare-earth salts. 

As the materials em])loycd in the making 
of artificial silk are relatively pure the amount 
of mineral ash left after incineration is negli¬ 
gible, and silk fabrics do not require the 
thorough washing process that is essential when 



Fig. 3.—Ash of Artificial Silk Mantle. 


vegetable fibres are used. Because of its solid 
structure artificial silk behaves differently from 
vegetable fibres. It absorbs the impregnating 
solution comparatively slowly, and several hours 
soaking at normal temjjeratures are required 
to impregnate the fabric completely. Further, 
much finer yam is employed for silk mantles 


than for those made from ramie and therefore 
the ratio of the weight of yarn to absorbed 
nitrates is much less. JH ence if the viscose fabric 
containing nitrates is burned in the usual way 
the incineration is very rapid with the result that 
the oxide skeleton falls to powder. In Plais- 
setty’s proc'css the impregnated artifi(;ial silk is 
dried slowly and then treated with ammonia 
solution. This method of “ fixing ” the oxides 
by ammonia gives good results and the resultant 
mantles are strong and flexible. The action of 
the ammonia is to convert the nitrates into in¬ 
soluble hydroxides and the ammonium nitrate 
produced in the reaction must be removed by 
thorough washing in distilled water. 

In the commercial manufacture of mantles the 
greatest possible care must be exercised at every 
stage. The fibre used to form the thread must 
be of even quality and thickness. The selected 
thread is knitted into a long tube of fabric, 
known as a “ stocking,” by machines provided 
with a number of needles dispostnl in a circle 
and fed by one or more spools of yarn. After 
leaving the knitting machines the cottf)n or 
ramie stockings contain impurities to the extent 
of 1%, and special care is needed to eliminate 
them as thiur proseiuu* oven in small (piantities 
adversely affects the strength and lighting power 
of the mantle to a remarkable degree. The wash¬ 
ing of the stocking made from vegetable fibre 
must be exceptionally thorough if a good (juality 
mantle be required. The fabric is well washed 
w'ith boiling alkali solutions, rinsed in water and 
dilute nitric acid for several hours, and finally 
w^ashed in distilled water and partly dried in a 
centrifugal machine. The drying is completed 
by hanging the fabric in chambers through which 
warm (lust-frcc air is circulated. The washing 
ju’ocess occupies 2 or 3 days and the mineral 
matter in the fabric is reduced to less than one 
part in ten thousand. 

! The washed and dried fabric is now ready to 
act as a temporary support of the rare-earth 
compounds which alone will constitute the 
skeleton of the finished mantle. The impreg¬ 
nation of the stocking with the “ Lighting 
Fluid ” is carried out by immersing the fabric 
in a solution Cionsisting mainly of thorium and 
cerium nitrates. The exact composition of the 
lighting fluid varies slightly according to the 
nature of the mantle required, but owing to the 
marked effc^ct on the light-giving power of even 
small deviations from the standard mixture it 
is of the greatest importance that the proportion 
of thorium oxide to cerium oxide should be in 
the ratio of 99 to 1. The thorium nitrate is 
dissolved in distilled water to form a 30% 
solution and the calculated amount of a standard 
cerium nitrate solution added. With ramie and 
cotton fabrics it is usual to add a small pro¬ 
portion of beryllium nitrate in such quantity 
that the final ash contains about 0*5% of 
beryllium oxide. The addition in small amounts 
of the nitrates of other metals such as aluminium, 
magnesium and calcium is sometimes made, the 
function of their oxides being to strengthen the 
ash by causing a partial fusion of the ash 
skeleton. A suitable formula for the lighting 
fluid for the impregnation of ramie and 
artificial silk fabrics is as follows : 
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Thorium nitrate . 
(.'eriiim nitrate 
Beryllium nitrate . 
AJuminium ru'trate 
Distilled water 


g. 

1,000 (48*0% ThO.) 
12 
4 
1 

2,000 


The weight of oxide, wliieli forms the inverted 
mantle in general use, is about 0*5 g. A ramie 
fabric takes up about its own weight of solution 
before becoming saturated, whereas artificial 
silk will absorb more than twice its weight of the 
fluid before impregnation is eoin])leted. The 
time recpiired for soaking the fabrics in the 
solution is 5 minutes in the case of cotton and 
ramie and 12 hours for artifi(;ial silk. After 
immersion the lengths of stocking are passed 
through carefully adjusted hard rubber rollers 
wdiich squeeze out the surplus solution and allow 
the fabrics to retain the exact quantity of lighting 
fluid calculated to give the correct weight of ash 
in the final mantle. The amount of rare-earth 
oxides required for the various types of mantles 
must be very rigidly controlled, for if more than 
the correct quantities are used the light-giving 
power of the mantle is seriously reduced without 
any correspoiuling gain in strength; alter¬ 
natively if the oxide skeleton is less than the 
correct weight, the lighi-emissivity is high, but 
the mantle is too fragile for practical use. After 
impregnation the lengths of stocking are dried 
by festooning over glass rollers in a room through 
which a current of wairm dust-free air passes. 

In the (iase of cotton and ramie fabric the 
lengths of dried im})regnated stocking are now 
ready for cutting into piec'cs of between 1 --I 1 in. 
in length according to the type of mantle 
required. Artificial silk htis, howevcT, to under¬ 
go a fixing process in'which the dried, im¬ 
pregnated lengths are immersed in a solution of 
ammonia. This solution is kept well stirred to 
allow the free diffusion of the ammonia through 
the fabric. The conversion of the nitrates into 
the insoluble hydroxides is rapid if the ammonia 
solution is kept agitated, thus after a few^ 
minutes immersion the “ fixed ” stocking is 
ready for a thorough washing in distilled water 
to remove all traces of the ammonium nitrate 
formed in the reaction. The treatment of 
artificial silk now differs very little from that 
of cotton or ramie fabrics ami tlie dried lengths 
are (!ut into short pieces. 

The strips of stocking are now stamped with 
a trade mark, if this is (fesired on the finished 
mantle. The solution usually employed for this 
purpose leaves, after burning-off, an indelible 
and highly refractory residue of the brown 
didymium oxide, a suitable formula for this 
solution is: 


g. 

Didymium nitrate .... 1,000 

Glycerin.250 

Industrial alcohol .... 600 

Methylene blue. 3 

Distilled water.600 


The normal inverted mantle is supported from 
the burner by a clay ring made from a specially 
prepared refractory material containing a high 
proportion of magnesia. Before tying one end 


of the short length of mantle fabric to the ring 
with an asbestos thread, the end is strengthened, 
to a depth of half an inch, by a hardening fluid. 
A suitable mixture for this purpose being : 


e. 


Thorium nitrate . 

. . 1,000 

Aluminium nitrate . 

. . 700 

Magnesium nitrate . 

. . 700 

Sodium pyroborate . 

, . 12 

Acid magenta 

. . 3 

Distilled water . 

. . 2,500 


Tlie hardening solution is applied to the head 
of the mantle by means of mechanically operated 
rubber rollers which are wetted with the mix¬ 
ture supplied from a small tank. The treated 
end of the fabric is now^ secured f o a groove in the 
clay ring by means of a double band of carefully 
selected asbestos twdne, the asbestos binding 
being just loose tmough to allow for the (‘on- 
traetion that occurs in the subsequent heating. 
The remaining or lower end of the strip of 
sto(!king is now sewn with impregnated threads 
of the fabric and drawn together in small pleats 
to close the bottom of the mantle. In the up¬ 
right type of mantle which is supported from a 
central rod or fork of compressed magnesia, a 
strip of impregnated cotton gauze is sewTi over 
the edge at one end of a (> in. length of the stock¬ 
ing, and th(^ hardenijig lluid is applied to this 
end, wdiich will form the top of the mantle and 
whi(‘h is most liable to breakage. The top is then 
finished by pleating with an asbestos thread 
drawn through the meshes of the fabric and a 
loop of thread is left to engage with the head of 
the supporting fork. During recent years 
machines have been largely employed for all 
these operations, but in the best quality mantles 
they are still carried out by skilletl needlewomen 
as very small difierences in the fabric have con¬ 
siderable effect; on the completed mantle. 
Trained operators can make allowances for any 
variations due to slight differences that may 
occur in the knitting, washing and impregnating 
processes. 

The next operation is the “ buming-off ” or 
incineration of the knitted fabric and the trans¬ 
formation of the thorium and other salts into 
the refractory oxides which form the final ash 
skeleton. The pliable mantle is shaped on a 
wooden former and then supported by a metal 
hook or jig. The w^ooden mould is removed and 
a gas flame is applied to the top of the mantle 
which ignites readily and burns steadily down¬ 
wards under the control of an operator who 
adjusts the air entering a ventilated hood. The 
“ burning-off ” process requires great care 
because, as incineration proceeds, the mantle 
shrinks and too rapid burning will cause uneven 
contraction and the development of cracks in the 
fragile ash network that remains. The organic 
substance of the fabric is completely consumed 
in 4 or 5 minutes and the oxides which remain 
retain the form of the original knitted fabric. 

The mantle is now in an extremely fragile 
condition and the next process of shaping and 
seasoning requires great care and experience to 
ensure that the deb’cate ash framework is not 
damaged or mis-shapen. The machine for 
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shaping the mantles consists of a row of gas 
burners mounted on a metal frame, which is 
equipped with a mechanical device for raising 
and lowering the burners. Each burner is fed 
with a mixture of gas and air under pressure. 
The flame is started with a comparatively low- 
pressure of air and this is gradually increased so 
that the flame exerts a steady pressure on the 
mantle, which is held in position by a support 
of heat-resisting metal. As this operation pro¬ 
ceeds the pressure of the flame slowly moulds 
the oxide skeleton into a uniform shajje while 
the toughness and elasticity inc rease as the heat¬ 
ing continues. The seasoning or hardening of 
the ash lasts from 3 to 5 minutes according to 
the size of the mantle being treated. 

The manufacture of the mantle is now com¬ 
plete but, to protect the fabric from the hazards 
of transport, the mantle is dipped into a solution 
of collodion whicih coats the ash with a thin film 
of varnish. This covering is a specially prepared 
solution of cellulose nitrates dissolvecl in a mix¬ 
ture of alcohol and ether to which camphor and 
castor oil have been added to prevent shrinkage 
during drying. The highly inflammable sol¬ 
vents are removed by drying the mantles in a 
well ventilated hood, in which the air is heated 
to a temperature of 50°C. The composition of a 
suitable collodion varnish is as follows : 


K. 

Alcohol (Industrial) .... 1,000 

Ether.800 

Camphor. 72 

Castor oil. 40 

Cellulose nitrates .... 35 


After varnishing and drying, the mantle is 
resistant to shock and vibration. In this con¬ 
dition it is packed and transported and the col¬ 
lodion film is easily burnt away when the mantle 
is required for use. Some types of artificial silk 
mantles, especially those used with high- 
pressure lamps, do not undergo the processes of 
burning-oft’ and shaping, but are sent out from 
the factory in the soft unburned condition. In 
this case varnishing is unnecessary and the 
mantles are incinerated and shaped by the gas 
pressure of the lighting burners, on wliich they 
are to be used. 

Before leaving the works, experienced 
examiners gauge the size and scrutinise the 
fabric of every mantle. In order to pass those 
tests the mantles must be uniform in length and 
shape, for a tolerance of one-eighth of an inch 
only is permissible with a good quality product, 
and the ash must be entirely free from defects. 

Within recent years the manufacture of gas 
mantles in England has been largely confined 
to a few well-equipped factories, each of which is 
provided with a testing room. In this depart¬ 
ment tests for durability and illuminating power 
are made on each batch of the finished product. 
The durability of the mantles is determined by 
observing their behaviour when in use for at 
least 1,000 hours and their resistance to vibra¬ 
tion is ascertained by testing the mantles on a 
shock machine. The illuminating power of the 
mantles is determined by means of one of the 
well-known types of photometers used in con¬ 


junction with a burner, the gas consumption of 
which is carefully controlled. 

The discovery and development of the in¬ 
candescent gas mantle revolutionised the 
economic production of light from coal gas, and 
Welsbach’s system was immediately challenged 
by several inventions which sought to evade the 
Welsbach patents. A great deal of ingenuity 
was expended in devising suitable alternatives, 
chief of these being a process invented by De 



Fig. 4.—Hella Bushuoht. 

Mare in 1894, his idea being the use of refractory 
plumes suspended over a Bunsen burner. Again 
in 1908, Rene Ixsigle carried this idea further 
and developed the “ Bella ” bushlight. Fig. 4, 
consisting of a tassel of refractory rods made 
from the oxides of thorium and cerium. The 
filaments were raised to a brilliant incandescence 
and it was claimed that the rods had a long life 
and an efficiency equal to that of the conven¬ 
tional mantle. The commercial success of the 
Welsbach mixture led also to the use of thorium 
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and cerium aalts under new names imt specified 
by the Welsbach patents, and numerous mix¬ 
tures of compounds containing almost every 
known element were tried in efforts to equal or 
improve the new method of illumination. All 
these attempts failed, and the Welsbach formula 
has remained. 

Before 1900 all the mantles used were of the 
upright type, but owing to the slightly conical 
shape of the fabric the maximum light was given 
above the level of the burner and the shadow of 
the fitting was thrown on the surface im¬ 
mediately below the mantle. Special types of 
reflecting shades and glass chimneys were intro¬ 
duced to overcome this defect and the efficiency 
of the early upright burners was much improved 
by Bandsept and Danayrouze. In 1897 Kern 
introduced a notable burner that is still known 
by his name. In this burner the gas issues from 
an injector into a suction chamber consisting 
of two cone-shaped tubes joined at their smaller 
ends. This device was found to inert^ase the 
proportion of air drawn in with the gas and this 
burner gave more light from the upright mantle 
than any other burner than in general use. 

About 1900, Kent develo|KHl the use of the 
inverted burner and mantle. This type rapidly 
became popular because, in this case, the maxi¬ 
mum light is directed downwards and there is j 
no shadow from the fitting. Other advantages 
are that the inverted mantle, being suspended 
from lugs on the burner tube, is less likely to l)e 
injured by vibration than an upright mantle; 
and with the inverted mantle it became possible 
to apply, in a simple manner, the principle of 
recuj>eration to gas burners. 

The light output from a gas mantle is a func¬ 
tion of the temperature of the mantle, and the 
higher the temperature of the fabric the greater 
is its light-emissivity. By recuperation, that is, 
using the heat in the hot gases leaving the flame 
to preheat the mixture of gas and air passing 
through the burner, the flame-temperature and 
consequently the light-emission is increased. 

A further improvement in the light emitted 
by the Welsbach mantle was made possible 
about 1908 by the introduction of inverted 
mantles in combination with high-pressure 
gas burners. These units work at from 50 to 
120 in. water-gauge pressure, and the amount 
of light obtained is from 3 to 4 times as great 
as that obtained from the original low-pressure 
upright type of mantle. 

The recent development of high-pressure gas 
supply and the preheating of the gas mixture 
have notably increased the illumination given 
by the mantle, but a natural upper limit is set 
to the brightness obtainable by the tendency of 
ceria to volatilise at( very high temperatures. 

In recent years it has become the custom to 
express the light output from gas mantles in 
lumen-hours per cubic foot of 500 B.Th.U. gas. 
The “ lumen ” is the luminous flux per unit 

solid angle, or ' - of the total flux, emitted by a 
47r 

point source of one candle. The lumen output 
of a mantle, therefore, is the average candle 
power multiplied by 4jr. The following table 
lepresetnts the light emitted by mantles in present 
day practice. 


Efficiency in 
lumen-houra 


Type. per cu. ft. 

(1) Low-pressure, upright . . , 100 

(2) Low-pressure, inverted ... 150 

(3) Low-pressure, inverted, pre¬ 

heated .2(X) 

(4) High-pressure, inverted, pre¬ 

heated .370 


The composition of gases supplied to burners 
may differ, but providing the rate of he^t supply 
is the same the amount of light given by the 
mantles is approximately equal. 

In the last decade much ingenuity has been 
expended in adapting the mantle to modem 
needs. Mantles are now available, the light 
from which approximates to daylight, and these 
are useful where colour matching has to be 
carried out in artificial light. A reduction to 
0-1-0-25% in the proportion of cerium oxide 
present in the mantle giv^es a light having a 
spectral composition nearer to daylight than 
the light given by ordinary mantles made from 
the Welsbach formula, though they do this by 
some sacrifif^ in total light-output. 

Modern street-lighting practice requires an 
even distribution of light over the surface of 
the roadway, and in attempts to achieve this, 
reflectors and refractors are often incorporated 
in the lamps. In 1935 attention wavS directed to 
the possibility oi' altering the shape of the light 
source. Hitherto gas mantles had been in¬ 
variably cylindrical in shape, the shape having 
arisen from the desire to fit the flame which issues 
from a nozzle with a round orifice. There is, 
however, no fundamental reason why all burner 
nozzles should have round holes or why in conse¬ 
quence all mantles should be cylindrical. It is 
only the surface of the flame which comes in 
contact with the mantle and the cylindrical 
flame happens to be the one which possesses the 
minimum surface. When the shape of the 
cylindrical mantle is altered the surface is in¬ 
creased and the amount of mantle fabric heated 
by the flame is greater. By making the burner 
nozzle in the shape of a slot instead of in the 
form of a round hole, and the mantle as a bag 
with two flat rectangular sides of greater length 
than depth, it is possible to obtain, in the desired 
direction, an illumination 2^ times as great as 
that obtained with the cylindrical type of fabric 
using the same amount of gas. Three modern 
types of mantles are shown in Fig. 5. 

Another modification of the Welsbach mantle 
available to-day is the Spiderless ” or moulded 
mantle. In this type the inverted mantle is not 
fashioned from a tube, but is pressed with the 
aid of moulds from a rectangular piece of im¬ 
pregnated fabric. This piece of material, now 
in the shape of a hemisphere, is tied to a ring, 
trimmed and then shaped in the conventional 
manner. 

Toward the end of the last century the possi¬ 
bility of making “ self-lighting ” mantles began 
to be considered. Platinum precipitated in the 
metallic state from a solution forms a powder, 
called “ platinum black,” which possesses suffi¬ 
cient catalytic activity to cause oxygen and 
I hydro^n to react at atmospheric temperature. 
1 The heat of reaction is sufficient to cause ignition 
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of a gas jet impinging upon the ciatalyst. A self- 
lighting mantle is formed by attaching to the 
mantle ash a small pellet composed of a mixture 
of platinum black and argillaceous earth. The 
device does not usually have a long life as the 
platinum black loses its activity after prolonged 
heating. 

Several theories have been advanced to explain 
the remarkable light-giving properties of the 
Wcisbach mantle and the more important may 


be considered iukUt the headings of 1. selective 
radiation, It. low heat losses and Ill. catalysis. 

1. When heated to the same temperature 
platinum emits a larger proportion of useful light 
rays than does iron oxide, and such substances 
as platinum which radiate light and heat, are 
often described as selective radiators. The 
selective radiation theory contends that the 
incandescent mantle is an example of this 
I>henomcnf)n and the thoria-ccria mixture em¬ 



ployed is remarkable for the high proportion f)f 
energy which is radiated in the visible spectrum. 

II, The mantle in the flame is in a state of ther¬ 
mal equilibrium, receiving heat by conduction 
and losing heat by radiation. Pure thorium 
oxide has a low capacity for radiating heat, and 
in consequence of this a mantle consisting mainly 
of this oxide reaches a higher temperature in the 
flame than would a mantle made from a good 
radiator such as iron oxide. Ceria, on the other j 
hand, has great radiating power, and the addition I 


of large proportions of ceria to the Weis bach 
mixture causes a rapid cooling of the mantle. 
The cerium content of the mantle must therefore 
be controlled with great accuracy. It is the 
low emissivity of thoria in the infra-red range 
and the high temperature of the radiating source 
which, according to this view, leads to the high 
luminous output, 

III. The catalytic effect of the thoria-ceria mix¬ 
ture on the rate of combustion of the gases at the 
surface of the mantle has been investigated by 
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several workers. Killing and Bunte pursued 
this line of explanation and suggested that the 
widely distributed ceria caused an accelerated 
reaction between the flame gases. Some 
workers are of opinion that it is because of this 
catalytic action that a high local temperature 
and increased luminosity is produced. 

References .—Haber (»j.S.C.l. 1914, 33, 51); 
Ives, Kingsbury and Karrer (J. Franklin Inst. 
1918, 186, 401,‘ 585); Swan (d.C.S. 1924, 125, 
780); Chandler (Gas World, 1937, 107, 218). 

A. J. P. 

GAS, POISON V. Chemical Warfare. 

GAS WARFARE v. Chemical Warfare. 

GAS, WATER. Water gas is the term 
applied to the gaseous mixture of hydrogen and 
carbon monoxide formed by the passage of 
steam -through incandescent carbon. Until 
recent times its manufacture on a large scale has 
been conducted almost entirely by gas under¬ 
takings for the purpose of admixture with coal 
gas as described above {see Gas, Coal, this Vol. 
p. 469), To-day considerable quantities of 
hydrogen are required for the* production of syn¬ 
thetic ammonia, synthetic fuels, methanol, etc., 
and, since water gas affords a ready and economic 
source of this gas, large water-gas plant are now 
operating for this purpose. Those at the Billing- 
ham Works of Imperial Chemic^al Industries, 
where, in addition to the production of synthetic 
ammonia, large quantities of coal and of tar oils 
are hydrogenated, may be cited as examples. 

The production of carburetted water gas as 
an adjunct to the manufacture of coal gas having 
been already described, the following descrip¬ 
tion will be more particularly directed to the 
production and utilisation of uncarburetted or 
“ blue ” water gas. At the same time it will 
be realised that the two are in many aspects so 
closely related that it is not possible to discuss 
one without reference to the other. The matter 
below should therefore bo read in conjunction 
with the article above mentioned. 

The interaction of steam and incandescent 
carbon was probably discovered by Fontana in 
the eighteenth century and was certainly known 
to Lavoisier who, in 1793, recorded the pro¬ 
duction thereby of hydrogen and carbon 
monoxide. 

The first known attempt to utilise wat-er gas 
on a commercial scale was made by Ibbotson, 
who in 1824 sought to increase the volume of gas 
distilled from coal gas retorts by injecting steam 
into the red-hot coke remaining at the end of the 
period of carbonisation. This idea was revived 
on many occasions, but so long as the horizontal 
retort remained in general use for the purpose 
of distilling coal, the production of water gas 
in this way was found to be impracticable. 
With the introduction of the vertical retort, and 
to a less extent following the use of more closely 
packed horizontal retorts, this system of “ steam- i 
ing ” received attention again and has now been ! 
widely adopted with success. 

Early attempts to manufacture water gas by a 
continuous process, in which steam was passed 
through coke contained in an externally heated 
generator, failed for the reason that the coke 
must be maintained at a relatively high tempera¬ 
ture in order to make water gas successfully. 


[ With temperatures of the order of 600°, the 
1 reaction between the steam and the carbon is 
mainly according to the reaction 

C+2H2O-CO2+2H2 

and it is only when the temperature exceeds 
1 ,000° that the reaction closely approaches 

C+H2O-CO+H2. 

Since the decomposition of the steam according 
to the second reaction is endothermic, it was 
found that the coke charge cooled more rapidly 
than heat could be imparted to it through the 
fireclay walls of the generator. This resulted 
in the formation of carbon dioxide in such 
quantities that the process was rendered 
uneconomical. 

In 1849 Gillard introduced a process w’hich 
j embodied the idea of raising the temperature of 
the carbonaceous fuel by blowing air through 
it instead of heating it externally. In this way 
the fuel was raised to incandescence by its own 
partial combustion. The air supply was then 
shut (jff and steam passed through the hot fuel 
bed until the temperature fell to su(;h an extent 
that a fresh air blast was necessary. It is this 
principle of alternate “ blow ” and “ run *’ 
wdiich has since become normal practice. This 
important dcsvclopment by Gillard was followed 
by numerous other attempts to introduce water 
gas on a commercial scale. It was not until 
1873, however, when Lowe erected a carburetted 
w'ater-gas plant at Phmnixville, in the United 
(States, that the industrial production became 
ostahlisheil practice. 

The fact that water gas contains over 90% 
combustible gases, as compared with about 30% 
in producer gas, soon attractcMi attention to its 
value for welding purposes, and in the early 
“ eighties ” plant was erected in this country and 
elsewhere to supply water gas for welding tubular 
boilers and for other work of a like character. 
An apparatus installed at the Leeds Forge in 
1887 was typical of the kind of plant then 
employed. The generator consisted of a cupola 
furnace about 2() ft. in height and 7 ft. in dia¬ 
meter, lined with firebrick, with a constriction 
a short distance above the hearth, the firebrick 
being protected at this point by a water-cooled 
ring. An air blast was admitted below this 
ring and, in about 10 minutes, the ignited fuel 
was raised to incandescence. The air blast was 
then cut oft', steam was admitted above the top 
of the fuel and, passing down through it, became 
converted into water gas which w'as led away 
throtigh the same opening as that through which 
the air blast was admitted, this being opened 
and closed by means of a water-cooled slide 
valve of such construction that it was impossible 
for any explosive mixture of water gas and air 
to be formed. The water gas passed on to 
purifiers for the removal of hydrogen sulphide 
and carbon dioxide, and the gas w as then stored 
in holders. The fuel w^as fed into the generator 
from the top, which was closed by a cone and 
the pipe systems for steam, air and water gas 
were controlled by an arrangement of lever 
valves which rendered any formation of ex¬ 
plosive mixture impossible. 
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Conditions of manufacture at this period still 
prevented rapid progress in the utilisation of 
blue water-gas. It has already been stated that 
the reaction between the stea-m and the carbon 
to produce water gas is an endothermic one, the 
heat absorbed in the reaction being made good 
by the intervening “ blow ” period, whereby 
the fuel is again raised to incandescence. Theo¬ 
retically, it should be possible to obtain the 
required heat balance by burning half the fuel 
by an air blast to producer gas and converting 
the remaining half to water gas by the steam 
reaction. In practice, however, the loss of heat 
due to the escape of hot producer-gas and by 
radiation, etc., made it necessary to continue 
the air blast until a much greater proportion 
of the carbon in the fuel was consumed. 

Had it been possible in the early days to 
recover the producer gas and burn it whilst 
hot for any purpose, the efficiency of the process 
would have been greatly increased and there 
can be little doubt that mt)re rapid progress 
would have been made. Since the protlucer 
gas is about 4 times the volume of water gas 
made, and as the gases are j)roduced inter¬ 
mittently, the difficulty of utilising both 
appearetl almost insurmountable. 

When the manufacture of carburetted w^ater 
gas was first successfully (;arried out, it became 
apparent that the producer gas, the loss of 
which had crippled all water-gas j)roces8e8, could 
be utilised for heating chambers filled with 
chequer brickwork to the temperature required 
for the thermal decomposition of the oil to 
gaseous products. The oil gas thus obtained 
was mixed with the blue water-gas to give the 
now familiar carburetted water-gas. The pro¬ 
ducer gas formed during the period of raising 
the fuel to incandescence was at once burnt, 
with a minimum loss of sensible heat, in the 
superheating chambers. In this way the 
efficiency of the process was greatly improved. 

The increase in the price of cannel coal to¬ 
wards the end of last century directed the 
attention of the gas industry in this country 
to the use of carburetted water-gas for raising 
the illuminating power of coal gas. Its use in 
this respect has now ceased to be significant, but 
its value in other respects has given the cari 
buretted water-gas process an important imaition 
in the present-day production of town's gas. 
The process was adopted by the Gas Light and 
Coke Company at Beckton in 1890, and is now 
extensively used as an auxiliary to coal-gas 
manufacture. Many improvements designed to 
improve the efficiency of production and to 
reduce the cost of manufacture have been 
effected in recent years, e.g. the development of 
waste-heat boilers, the use of self-dinkering 
grates, the back-run process, etc. They have 
contributed in no small measure to the high 
efficiency of a modem plant as typified by that 
of Messrs. Humphreys and Glasgow. 

Just as the successful operation of a car¬ 
buretted water-gas plant depends upon raising 
the thermal efficiency of the process by recovery 
of the heat energy in the producer or blow gases, 
so also do€« that of the blue water-gas process. 
In a modem plant steam requii^ for gas 
making is generated and may superheat, 


and a surplus of steam is usually available for 
general process work. Another factor in the 
economy of the blue water-gas process is plant 
size. It is only in water-gas plant of large size 
that it becomes a commercial success to employ 
refinements in design that will give the highest 
efficiency from a thermal as well as an operating 
point of view (c/. N. E. Rambush, Proc. Intemat. 
Conf. Bit. Coal, 1931, 1, 840). 

A modern plant for the production of blue 
water gas consists of the following main 
parts: 

(1) the gas generator, 

(2) the valve control mechanism, 

(3) apparatus for the recovery and utilisation 
of waste heat, and 

(4) the gas cleaning plant. 

The Gas Generatoe. —The interior walls of. 
early generators were construc^ted of firebrick 
throughout, but with increase in generator 
capacity, trouble was experienced duo to fusion 
of clinker with the bricks of the lining. This 
adhered so tenaciously to the sides of the 
generator that the rate of gas production was 
seriously limited. Water jacketing of the lower 
part of the generator casing was therefore 
j adopted and is now general practice on large 
installations. The steam developed in the 
j jacket is used for gas making, and for this reason 
it is usual to operate the jacket at a working 
pressure approximating to that at which the 
steam is admitted to the generator. It should 
be noted that in practice the effect of the water 
jacket is to lower the fuel-bed temperature with 
a corresponding lowering of the rates for the gas 
reactions. Because of this cooling effect, 
jacketed generators are not economical at low 
production rates. 

As accessories to the generator, means are 
provided for the supply of fuel under gas-tight 
conditions and for the removal of ash and clinker. 
The fuel bed must be maintained at the same 
density throughout, in order that the steam and 
air may spread evenly over the whole area. A 
mechanical fuel-feeding device of the cyclic or of 
the continuous type is essential if a gas of con¬ 
stant composition is required. Such devi(jes 
have the additional advantage that gas making 
need not be interrupted to enable the generator 
to be charged. Experience has shown that 
there are two causes for the variation in gas 
quality which is inherent in a system employing 
a static feed. Firstly, the fuel depth and thus 
the fuel-bed resistance gradually decreases after 
charging and, secondly, the top of the fuel bed 
undergoes wide temperature fluctuations with 
each charging of cold fuel on to the hot 
bed. 

The high gas-pressures used on water-gas 
generators and the intermittency of gas making 
necessitate mechanical fbel-feed designs differing 
from those used on gas producers. In the cyclic 
charger the fuel is admitted as a bulk charge 
into the generator once per cycle. Operation 
may be governed directly, from an automatic 
valve-controlling machine, so that the ooke is 
admitted to the generator fuel-bed at one pre¬ 
determined point in the cycle, namely, dturmg 
the down- or back-run, when the top of the 
generator is free from combustible or toije 
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In the continuous charger, coke is continuously 
and regularly fed on to the fuel bed, a revolving 
steel distributor in the top of the generator 
spreading the coke from a gas-tight hopper 
evenly over the bed. Provision is made for the 
automatic re<‘hargi!ig of the hopj)er under gas- 
tight conditions when required. 

It is of the greatest importance that the fuel 
bed should be of the correct depth, a factor 
which must be (considered in conjunction with 
the typo of fuel to be gasified and also in relation 
to fuel-bed resistanc’e, pressure of air and steam, 
duration of “ blow ” and velocity of gases. 

Ash and clinker are removed continuously 
from the base of the generator by mechanical 
means. Neglect in this direction njsiilts in a 
reduction in the quality and quantity of gas 
produced and adversely affects thermal effi¬ 
ciency. In addition, excessive quantities of 
unburnt fuel may be lost in the ashes. Grate 
designs used in water-gas generators are based 
on those used successfully for many years with 
prodiu^er-gas generators. The ash-removing 
mechanisms are thus of the two types known as 
“ wet base ” and “ dry base." With the wet 
grate the base of the generator is sealed in a 
water pan. This tyjK^ is the more ac'cessible, 
but it is difficult to accommodate the blaat 
pressure used in the generator. For this re^ison 
a dry base, which involves a totally enclosed 
generator, is normally used in blue water-gas 
manufa(dure, since the generators must be 
operated at high blast-pressures in order to 
obtain the highest possible yield of gas from a 
given quantity of coke. The operation of a 
grate of this type is described below. A wet 
base finds satisfactory application in carburetted 
w^ater-gas practice. 

Valve Control. —All large water-gas units 
are now fitted with mechanically timed and 
controlled valves. These modern controlling 
devices have proved highly satisfactory in 
operation, though their mechanism is, of 
necessity, intricate and the service conditions 
exacting. The valves must be capable of with¬ 
standing exposure to sulphur compounds, 
abrasive dust and reducing gases, in addition 
to wide fluctuations of temperature. The auto¬ 
matic control, which is commonly operated by 
hydraulic or mechanical power, ensures that 
during a cycle the valves are opened and closed 
in a correct sequence and at the right intervals. 
The mechanism provides for audible warning in 
the event of interference with the predetermined 
cycle. 

Heat Recovery. —As has been indicated 
already, the recovery and utilisation of the 
sensible and potential heat in the blow gases 
and the sensible heat of the water gas leaving 
the generator is important. It is necessary at 
this point to make a clear distinction between a 
blue wateT’gas plant and one for the manufacture 
of carburetted water-gas. In the latter suffi¬ 
cient heat is required from the blow gases to 
operate the carburettor and superheater in a 
satisfactory manner. In a blue water-gas plant, 
on the other hand, the gas-making process is 
complete when the gases leave the fud bed and 
It is desirable that as little potential heat as 
possible should leave the generator in the blow 


gases. In fact the opinion has been expressed 
(N. E. Rambush, lx,) that a higher gasification 
efficiency for blue water-gas units can be 
obtainecl only if future generators are so designed 
and operated that the amount of potential 
heat in the. wasUi gas lM.‘comcs of ho small an 
order that only the sensible heat thereof is worth 
recovering. 

A low content of carbon monoxide in the blow 
gas can be attained by the use of a relatively 
high air-rate, by reduction of the depth of the 
fuel bed and by reducing the air steam ratio. 

Heat recovery may be effected by means of a 
heat-exchange apparatus of the recuperator type. 
This is essentially a brick-lined vessel with inlet 
and outlet for the gases and suitable arrange¬ 
ments for admitting secondary air to burn in 
situ any carbon monoxide in the blow gases. 
These gases then pass to the waste-heat boiler 
where sensible heat is extracted from them in the 
generation of steam. The steam thus produced 
may be led to the recuperator tubes where it is 
superheated. During the passage of the blow 
gases the stack valve is in the open position 
HO that the gases pass from the waste-heat boiler 
to the atmosphere. This valve is closed to the 
water gas which is diverted to the cleaning plant. 

('lean-cut division U^tween the blow gases 
and the water gas leaving the waste-heat boiler 
is not possible. It generally happens that eddy¬ 
ing and diffusion result in the production of 
mixed fractions at the beginning and the end 
of the water-gas run. ()n works where the 
water gas is manufactuied as a source of 
hydrogen for different processes these two 
mixed fractions may be separately treated. 

The Gas Cj,eanin(} Plant. —The gases leaving 
the generator contain dust, in addition to sulphur 
compounds and water. This is liable to deposit 
in valves and mains, and even its dispersal into 
the atmosphere with the blow gases leaving the 
stack may be objectionable. Arrangements are 
accordingly made to obviate such trouble and 
may include water lutes, into whi(ih the dust 
from the valves and other parts of the plant is 
expelled mechanically, by pressure jet or by 
hand. 

The watc‘r gas must l)e subjected to further 
cleaning after it leaves the waste-heat boiler. 
The degree to which this cleaning is carried out 
will depend upon the purity required, but the 
treatment normally includes passage through a 
washer cooler in which the gas is washed by cold 
water in countercurrent. The gas leaving the 
washer still contains a little dust and some tarry 
matter and the complete elimination of these 
impurities entails the use of additional plant, 
e.g, centrifugal cleaners in which the gas is 
intimately mixed with water or other suitable 
fluid. 

The presence of sulphur compounds in water 
gas is very undesirable for some purposes. Only 
a part of the sulphur is eliminated in the water 
wash and it may be necessary to pass the gas 
through iron oxide as for the removal of hydrogen 
sulphide in the manufacture of town’s gas, and 
then through a catalytic process for the re¬ 
moval of organic sulphur compounds. 

Operation of the Plant. —^The operation of 
a blue water-gas plant may be well illustrated 



492 


GAS, WATER. 



Eig. 1. 


by reference to a Power Gas Corporation plant of five stages (Fig. 2). In the blow stage, air is 
1 installed at Billingham, of which a passed up through the fuel for a period of about 

given (Engineering, 1 minute, and is thence conducted through 
1929, 127, 348, 460, 508). The cycle consists recuperators and waste-heat boilers to Se 
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Fig; 2. 
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atmosphere. Air is then cut off and steam rate can be regulated by adjusting the speed of 
passed up through the fuel for about 10 seconds, rotation and the position of the ploughs or by 
du«ng wliich time the gas formed, mixed with working the grate intermittently. The fuel 
air rejnaining from the blow stage, is permitted bed can be tested periodically for ash and clinker 
to escape to the atmosphere, this stage being by means of plugged pokeholes, provided through 
known as the blow purge. In the next or “ up- the wall of the generator for this purpose, 
run ” stage the outlet to atmosphere is closed Air for the blow is led by way of a control 
and the steam supply continued, the pure water valve through the bottom of the generator to 
gas formed being led to the gas collecting main, the grate and so to the fuel bed. The air is 
The up-run continues for about 2^ minutes, provided by air blowers driven by low-pressure 
during which time the temperature of the fuel, steam turbines. The blow products leave the 
especially that in the lower port-ion of the bed, generator at the top, from which they pass to 
falls. The upper part of the fuel bed, however, the recuperator and thence through the waste- 
remains sufficiently hot for gas making, so that heat boilers to the stack. 

the direction of flow of the steam is reversed for The steam for the up-run enters the generator 
the next, or “ down-run ” stage, which is con- through the air passage. For the down-run it 
tinned for about a minute, the steam then passes in by way of a side connection near the 
entering at the top of the generator and the gas top of the generator. The water gas produ(;ed 
leaving from the bottom. Finally, air is passed in both runs is led to the recuperator. The flow 
upwards through the fuel for a few seconds t<) of air, steam and gas is entirely controlled by 
drive out the gas remaining in the generator hydraulically-operated valves, 
and its connections into the collecting main, The automatic control machine is so designed 
the stage being known as the “ run purge.” that the plant can be f>perat-ed by hand if 
These five stages are continued, under automatic rt*quircd. The automatic operation opens and 
control, for the whole time that the plant is in closes the main valves in their correct order and 
operation. stops gas making if any do not open or (“omplete 

Screened coke from an overhead bunker is their stroke, or if they operate in any other 
supplied to the generator through a gas-tight irregular manner. Audible and visible warning 
receiving chamber with valves at its upper and is then given. When the automatic control 
lower ends, the coke being delivered to this machine stops the plant, it returns the valves 
chamber in bulk and passing from it slowly and to a safe position and, at the same time, stops 
continuously on to a rotating cast-steel distri- itself in a safe position for restarting. It also 
butor in the form of a combined plate and cone, iiulicates the position in which the valve should 
which distributes the c;oke evenly over the fiud be at any moment, as well as their actual posi- 
bed. The feeding of coke to the generator tion. If resort is made to hand operation, the 
presents difficulties greater than are met with operating handles are interlocked to make 
in producer-gas practice, because the working irregular working impossible. These automatic 
pressures are higher, and also because loss of control machines are capable of controlling a 
water gas due to leakage represents a relatively number of water-gas units, and when so doing 
greater thermal loss per unit volume. they <'an keep all the units operating in syn- 

The generator itself is water-jacketed in the chroni.sed cycles, suitably out of phase, in order 
lower portion. The steam from the jacket is to smooth out the load on the blowers and purifi- 
led to a steam drum, from which it is fed to the cation plant. 

generator for gas making. The upper portion The recMiperator consists of a cylindrical shell 
of the sides of the generator are lined with fire- lined throughout with brickwork and provided 
brick and above the top plate is a water jacket with inlet and outlet for gases at top and bottom, 
in the form of a shallow tank, the object of The gas produced in the up-run passes in through 
which is to prevent heat radiation to the the same inlet as the blow gases, but a separate 
operating platform above. The exterior of the and smaller inlet is provided at the top of the 
generator is faced with insulating brickwork. vessel for that made on the down-run. Secondary 
The fuel is carried on a mechanical iron grate air is supplied to the blow gases by an annular 
having renewable conical plates-of hardened steel passage surrounding the gas inlet, entering the 
on the faces subjected to wear. This steam- latter through holes provided for the purpose, 
driven grate slowly rotates and, at the same time. The superheater tubes are of U shape sur- 
the curved upper surfaces raise and lower the roundcid with fireclay tubes and are thus pro¬ 
fuel bed, thereby maintaining a uniform density tected from direct contact with the gases, 
throughout. The conical formation of the grate The waste-heat boiler employed is of the fire- 
also tends to move the lower strata of fuel from tube type. It is slightly inclined from the 
the centre to the sides, where it falls and is vertical and the hot gases from the recuperator 
crushed between the sides of the grate and the enter by way of a distributing chamber at the 
generator wall. In this way the clinker is bottom. After passing up through the fire tubes, 
steadily removed from the fuel bed and broken the gases collect in a similar chamber at the top 
up to a size suitable for removal. The revolving and from there they pass to the stack, or, in 
table on which the grate is mounted also carries the case of the water gas, to the washer. In 
the crushed clinker to the ash boxes, where it is other installations a horizontal fire-tube type of 
swept in by means of adjustable ploughs. It is Ixiiler has been preferred, 
desirable tkat the ashes should not be removed A Lymn washer such as is used for cleaning 
too rapidly, since a sufficient quantity should be and cooling the gas is shown diagrammaticidly 
left rounci and above the grate to protect it in Fig. 3. It consists of a cylindrioal steel vessel 
from the heat. For tius reason the extraction ' open at the bottom, which dips into water hi a 
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concrete tank, thereby forming a aeal. A water 
inlet connection is provided at the top and the 
gas from the waste-heat boiler enters at the 
bottom through the curved pipe shown f)n the 
right of the diagram. The bottom mouth of 
this pipe is serrated and dips below the water 
in the seal, which is sufficiently deep to prevent 
the passage of waste gases into the washer or 
the escape of water gas from it when the stack 



valve is open, A series of conical discs and rings 
is provided in the casing, the rings being attach^ 
to the walla of the washer and the discs carried 
by a central shaft. As the gas ascends the 
washer it passes through the water trickling 
over the edges of the discs and rings and is 
thereby effectively cooled and freed from dust. 
The dust carried down by the water collects 
in the concrete tank and is removed manually 
at intervals. In addition, some dust from the 
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gas falls directly into the water from the sealed 
inlet pipe leading to the washer. 

Chemical Reactions in Blue Watee« 

Gas Pkouuction. 

It lias already been explained that water gas 
is made by the interaction of steam with coke 
or other carbonaceous fuel which has previously 
been heated to reaction temperature by means 
of an air blast. The chemical reactions involved 
will be dealt with briefly, but for greater detail 
H. Hollings and R. H. Griffith, Water Gas,” 
1934, p. 0, should be consulted. 

The products of the interaction of steam and 
coke may be regarded as being derived from a 
combination of the two reactions : 

(i) C-f H„0(Steam) -CO-i- H2-52,590 

B.Th.lI. per Ib.-atom. 

(ii) C+ 2 H 2 O (Steam)-CO2+2H2-33,170 

B.Th.r. per Ib.-atom. 

The formation of hydrogen and carbon dioxide 
occriirs at lower temperatures, but it requires 
more steam aud absorbs less heat from the 
generator. It is interesting to note that both 
reactions produce 2 lb. mol. of combustible gas 
from 1 lb. atom of (carbon, and since the calorific 
values of carbon monoxide and hy<lrogen are 
almost equal, it follows that a therm of bine 
water gas recpiires approximately the same 
carbon (4*8() lb.), no matter by what reaction 
it may be produced. Generally speaking, a 
high (carbon dioxide content is objectionable 
on account of lowering the calorific value of 
the water gas, l>ut for purposes where a high 
hydrogen content is required in the finished gas 
it may be desirable, siru'e the avssociated carlion 
dioxide can be removed by washing under 
pressure. The rate of reaction is, however, 
greater at the higher temperatures necessary for 
the first reaction. 

Technically cejuilibrium is not attained owing 
to the rapid rates of steam supply, large quanti¬ 
ties of steam es(;aping decomposition. It would 
be expected that this would seriously disturb 
the reversible water gas reaction, 

COh H20^C02+H2, 

but, in practice, the carbon dioxide content is 
much lower than that which would be in equili¬ 
brium with the undecoraposetl steam present. 
By whatever mechanism the blue water-gas is 
produced, it is known that a hot fuel bed leads 
to a high steam-decomposition and a low carbon 
dioxide content in the water gas. 

Water gas may contain a number of impurities 
originating from the coke substance, sucli as 
hydrogen sulphide, carbon disulphide and 
nitrogen, as well as residual blow gas left in the 
vessels. The amount of blow gas to be accepted 
varies according to circumstancjes, e.g, a blue 
water-gas plant making gas intended for hydro¬ 
gen production limits its nitrogen content below 
2 %, but if the hydrogen is to be used for ammonia 
synthesis, high proportions of nitrogen can be 
accepted. Similarly, in American practice blow 
gas may be deliberately mixed with the car- 
buretted water-gas because local ratios of oil 
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and coke prices encourage this procedure. 
Methane also occurs in water gas and its presence 
has been attributed to residual volatile matter 
in the coke, synthesis from carbon monoxide 
and hydrogen or from coke and steam. A 
typical water gas analysis is : 

CO2. CO. Hjj. CH4. No. 

50 400 51 0 0-3 3“7 

As steaming progresses, the fuel bed is cooled 
and the carbon dioxide and unde(‘omposed steam 
contents increase. At the same time the rate 
of gas production becomes uneconomic as shown 
diagrammatically in Fig. 4. Heat must again 
be stored in the fuel beci by means of a blast. 

During the blast the products of the reaction, 
after passing through the first shallow layer of 



Fio. 4. 

the active fuel bed, are derived from the re¬ 
action : 

C+02(-f4N2)->C02(+4N2)+172,560 
B.Th.U. per Ib.-atom. 

From the point of view of heat storage in the 
generator it would be ideal if it remained at this 
stage, but further reduction to carbon monoxide 
can occur by the reaction : 

C+C02(-f 4N2)-2CO-f (4N2)~72,0(X) 
B.Th.U. per Ib.-atom. 

which consumes more carbon and absorbs heat 
which was intended for water-gas production. 

Higher rates of blasting decrease the extent of 
this reduction, and this fact is one of the reasons 
why higher blast pressures are favoured in blue 
water-gas plant as distinct from carburetted 
water-gas plant where there is an opportunity 
of utilising the potential heat of the blow gases. 


I As the temperature of the fuel bed rises, the pro- 
I duction of carbon monoxide is accelerated 
(Fig. 5). This involves the disadvantage of in¬ 
creased thermal loss, but it makes for high rates 
of production of blue water-gas of high quality. 
If high outputs are not re(^uired, the incon¬ 
sistency may be avoided because the rate of 
steaming can be very low compared with the 
blast {rf. Fuel Research Board Tech. Paper 
No. 43). Under these conditions the fire 
remains cool and therefore the carbon monoxide 
content in the blow gas is kept low, but the water- 
gas calorific* value is maintained because of the 
low rates of steaming. Such a method of opera¬ 
tion is not {‘ommercially feasible bec'ause of the 
high capital charges involved. 



Fig. 5. 


As blowing proceeds and the temperature of 
the fire rises the proportion of carbon monoxide 
rapidly increases. The combustion of the blow 
gas in recuperators (in blue water-gas sets) or 
carburettors (in carburetted water-gas sets) has 
been greatly improved in some recent instal¬ 
lations. In those generators fitted with annular 
boilers the blow gas at the periphery is poorer 
in carbon monoxide content than that at the 
centre and this stratification persists through 
the second vessel. For this reason the former 
mode of secondary air admission at the shell of 
the second vessel led to poor mixing, uncertain 
ignition and incomplete combustion. The 
method now adopted for overcoming this consists 
in the introduction of secondary air at the 
generator-carburettor connecting main where 
velocities are high and good mixing results. 
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Furthermore, the rate of secondary air admission 
is controlled by a “ creeper ” cam which is 
shaped to correspond with the increasing carbon 
monoxide content of the blow gas. In this way 
the blow gas can b(; perfectly burnt and tlie heat 
made available for steam raising, oil crai^king or 
interchang(i Mith back-run steam. VV^hen sufti- 
cient heat has been stored in the fuel bed, the 
blow is ended and the blow gases expelled from 
the plant by the water gas in the purge which 
follows. 

Air-Steam Batio. —F. J. Dent, who has carried 
out extensive water-gas trials on behalf of the 
Joint Research Committee of the Institution t)f 
Gas Engineers and Leeds University, has intro¬ 
duced a useful conception—the “ air-stearn 
ratio,” which may be defined as the ratio of the 
cubic feet of air Hu]iplied to the fuel bed during 
the blow to the pounds of steam passing through 
the fuel bed during steaming. The air-steam 
ratio is a fundamental factor governing the 
temperature of the fuel bed and the reacd-ions 
occurring in it. It determines the cornjsjsition 
of the blue water-gas prodm ed and the carbon 
monoxide concentration of the blow gas. Re¬ 
lated to the potential heat in the blow gas is the 
fuel consumption and the heat available for 
steam raising. With air-steam ratios lower 
than 30 the carbon dioxide in the blue wat(‘r- 
gas increases beyond an economic limit. The 
degree of dependence upon outside steam may 
be another limiting factor. With air-steam 
ratios greater than 70 the output fall.s to a pro¬ 
hibitive point, coke consumption rises, steam 
is over-abundantly available and clinker for¬ 
mation is liable to disturb the fuel bed con¬ 
ditions. 

The influence of the air-steam ratio on the 
compositions of the water gas and blow gas is 
shown in Fig. 0. The graph also indicates the 
fall in output and increasing steam de(.*oni- 
position which result from increase in air-steam 
ratio. The fall in yield of water gas per 
1,000 lb. of coke due to the increased potential 
heat in the blow gas can also be seen. The 
graph should be studied in conjunction with 
Fig. 7, showing the influence of air-steam ratio 
on the rates of steam supplied for gas making 
and for ancillary plant as well as the rates 
of steam generation from the annular and 
waste-heat boilers. Self-sufficiency in steam 
ocemrs at an air-steam ratio of about 40. These 
results, extracted from F. J. Dent’s data (Trans. 
Inst. Gas. Eng. 1935-36, 85, 276) refer to a 
Humphreys and Glasgow generator of 8 ft. 8 in. 
internal diameter. 

The influence of the air-steam ratio upon the 
(*arbon distribution per therm, of B.W.G. made 
is as follows: 


Air-steam ratio 

72 

52 

32 

Total carbon supplied . 

1401 

11-78 

10*39 

Carbon burnt during 
blow. 

8-21 

6*21 

5*02 

Carbon occurring in 
B.W.G. 

4-86 

4-86 

4*86 

Carbon in ashes, clinker 
fliers. 

0-94 

0-71 

0*61 

Total carbon in products 

1401 

11*78 

10*39 


VoL. V.~-32 
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and the corresponding thermal balances are 
affected in the following manner : 


Heat absorption (therms 
per therm B.W.G.): 
By reaction between 


carbon and steam . 
As sensible heat in 

0*211 

0*208 

0*203 

B.W.G. 

As sensible heat in un¬ 

OOflO 

0*055 

0*052 

decomposed steam . 

0*018 

0*022 

0*037 

By generator boiler . 
By evaporation of 

0*122 

0*103 

0*101 

moisture in coke 

By radiation convec¬ 
tion (and by water 

0010 

0-010 

0*010 

seals) .... 

0-010 

0*015 

0*015 

Heat returned to gene¬ 
rator bj’’ back-run 

0*437 

0*413 

0*418 

steam .... 

Ileal production ; 
Potential heat in blow 

0*024 

0*030 

0*050 

giAH. 

Sensible hcjit in blow 

0*572 

0-356 

0*228 

. 

Sensible heat stored in 

0*221 

0*172 

0*140 

the fuel bed. 

0*413 

0*383 

0*368 


Other Variable Factors. —Apart from 
alteration in the air-steam ratio, the number of 
other factors whiOi may be varied is consider¬ 
able, e.gr.: 

(i) The length of the cycle. 

(ii) The proportion of time occupied by the 

blow. 

(iii) The proportion of steam used on the 

down-run or back-run. 

(iv) The pressure of the air blast. 

(v) The depth of fuel bed. 

(vi) The nature of the fuel. 

The operation of a water-gas plant is com¬ 
plicated by the large number of variable factors 
involved, but by a correct appreciation of these 
factors a water-gas plant can be made a highly 
flexible machine capable of wide variations in 
output, gas (|uality and steam production when 
using a range of fuels varying in size and mois¬ 
ture content. 

(i) The Length of the Cycle .—This should be as 
short as mechanical limitations will permit. 
The shorter the cycle the smaller is the cyclic 
fluctuation in the temperature of the fuel bed. 
The later part of the “ run,” which is associated 
with a high content of carbon dioxide, low steam 
decomposition and low output, is eliminated. 
With hand-operated sets it was difficult to reduce 
the cycle below about 6 minutes, but now, with 
fully automatically-operated valves of refined 
design, the cycle can be reduced to about 
2 minutes 40 seconds. Further reduction is 
limited by the fact that the purging of blow 
gavS by blue water-gas and vice versa does not 
involve a perfect separation and, to avoid ex- 
c?e8sive loss of blue water-gas, some blow gas 
has to be accepted. The amount of blow gas 



Therms B.W.G./1000lbs. Dry Coke. 
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(cu.ft.Afr per lb. Steam.) 
Fig. (). 



Fig. 7. 


% Steam Decomposed. 
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to bo accepted and the amount of blue water- 
gas to be lost is a constant (piantity per 
and becomes an excessive proportion with short 
cycles. Similarly the amount of steam wasted 
by being loft in the carburettor and superheater 
at the conclusion of the back-run is constant 
and its proportion increases with shorter cycles. 
The back- or down-run is followed by a second 
short up-run as a safety precaution to prevent 
air blast coming into contact with combustible 
gas at the base of the generator. This short 
up-run represents lost time and lost steam and 
remains constant for all lengths of cycles. 
Valve changes also o(‘cupy an appreciable time 
and wear and tear on the valves is dependent 
on the frequency of their use. 

(ii) The Proportion of Time Occupied hy the 
Blow .—The output of blue water-gas is depen¬ 
dent on the heat stored in the generator to meet 
the endothermic requirements of water-gas pro¬ 
duction. This, in turn, depends upon the blow 
period if the blasting rate is constant. The 
function of a water-gas plant in the gas industry 
in nuHding peak loads stresses the importance of 
high outputs. With long blow-periods the rate 
of steam supply has to be corn'spondingly in¬ 
creased and this causes a lower steam decom¬ 
position and a poorer quality of blue water-gas. 
The elfiiuency of blue water-gas production falls, 
and if the gas is to be carbundted, the sliorter 
time for oil injection adversely affects oil- 
cra(‘king efficiency. The upper limit of blow 
period is about 48%, but for low outjmts Ihe 
blow' period can be reduced, although for very 
low outputs it would probably be better to 
operate discontinuously. 

The influence of the length of the blow period 
upon output, thermal yields and steam decom¬ 
position is show’ll in Fig. 8 {ibid. 1935-39, 287). 
J)ecreasc in the blow period reduces the output 
but the thermal yield is improved. The steam 
decomposition does not increase because in this 
case the plant was operated with a constant 
carbon dioxide content in the water gas for all 
the different blow periods. This involved a 
decrease of air-steam ratio superimposed upon 
the reduction in blow period. Had the air- 
steam ratio been constant, the improvement in 
thermal yield would not have been as great and 
the steam decomposition w^ould have been 
increased as the blow period was reduced. The 
corresponding steam balance is shown dia- 
gramraatically in Fig. 9. 

(iii) The Proportion of Bteam Supplied on 
Down-Run or Back-Run .—The proportioning of 
up and down steaming is related to the control 
of clinker formation and its extraction by hand 
or by mechanical grates. The maintenance of 
good fire conditions is not as amenable to 
scientific control as the other factors affecting 
water-gas production, and considerable reliance 
has to be placed on the skill and experience of 
the gas maker. 

Control aims at preventing the solidification 
of the molten ash at a higher level than that at 
which it can be extracted. Bridging over of 
large masses of clinker above the zone affected 
by the crushing mechanism of the grate would 
lead to “ channelling ” and loss bf output. 
Solidification at too low a level, e.y. on the grate i 


itself, would lead to clogging of the grate bars, 
bad distribiititm of air and steam and damage 
to the grate. 

The fuel bed in the generator can be regarded 
as being comprised of three zones—a lower zone 
(about 3 ft.) of ash and clinker, the depth of 
which is determined by the speed of the grate, 
a middle zone (about 2 ft.) of higher tempera- 




Fig. 9. 


tures where the chemical reactions are pre¬ 
dominant, and an upper zone (about 3 ft.) of 
coke which is too low in temperature for reaction 
l)e(iau8e coke recently added has not had the 
opportunity to warm up to the temjM?rature of 
the rest of the fuel bed. 

The top and bottom layers serve important 
functions as heat regenerators. Without a down- 
run or back-run, the hot zone would rise because 
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the air blast and steam would reach the hot 
zone with little preheating and thus lead to a 
cooling of the first part of the reaction zone. 
The sensible heat of the blow gas and blue water- 
gas, however, would be partially transferred to 
the top zone which would become progressively 
hotter. With a down-run. however, heat is 
transferred from the top layers, thereby pre¬ 
heating the down-run steam before it enters the 
reaction zone. Furthermore, the sensible heat 
of the down-run water gas is interchanged with 
the clinker zone. The heat so stored in the 
clinker is transferred to the blast and up-run 
steam. The amount of down- or back-run steam 
has, therefore, an important influence on the 
position of the hot zone and upon the position 
of clinker formation. 

Back-run steam is more advantageous than 
down-run steam because it may be preheated to 
7(K)° before entering the generator. This useful 
heat returned to the generator makes it advisable 
to use as much back-run steam as possible, par¬ 
ticularly since it also leads to a rcdindion in the 
temperatures of the blow gas, blue gas and un- 
dccomp(jsed steam leaving the generator ami 
consequently to a higher thermal efficiency. j 
linfavourable clinker formation is watched by 
periodic exploration of the fire by testing the 
case of penetration of the fuel bed with rods, and 
oc(!asionally a rod may be left in for a few minutes 
and when withdrawn, the location of bright red, 
red and black sections on the rod indicates the 
zoning in the fire. The grate is examined from 
below to detect the formation of clinker on the 
bars or the overheating of the grate. An 
ammeter indicates excessive load on the motor 
driving the grate, whilst pyrometers fitted to the 
crushing stools or some other arbitrary part of 
the grate and a back-run-gas pyrometer assist in 
maintaining good fuel-bed conditions. The Fuel 
Research Board (Technical Pa{)er No. 43) have 
made a study of the factors leading to clinker 
formation. 

The annular boiler, wffiich is usually installed 
with a mechanical grate, may raise 3.5 lb. of 
steam per 1,000 cu. ft. of water gas, and it is 
customary to operate these boilers at about 35 lb. 
pressure and employ the steam produced for 
process purposes, but water-tube boilers can also 
be fitted to generators and w'ork up to 350 lb. 
per sq. in. The annular boiler derives its heat 
partly from that which would otherwise be lost 
by radiation, partly from the sensible heat of 
the gases, but also by conduction from hot coke 
in thie generator. The extent to which this (con¬ 
duction occurs is difficult to assess and a simple 
comparison with a brick-lined generator is not 
possible because of complication by other 
variables. 

(iv) The Pressure of the A ir Blast. —The advan¬ 
tage of raising the blast pressure is particularly 
great in the production of blue water-gas when 
there is smaller use for the potential heat of the 
blow gas. Water-gas plant is commonly operated 
at a blast pressure of about 22 in. w.g., but recent 
plant have employed pressures as high as 50 in. 
and this, in fact, is common practice in America. 
This high pressure necessitates deepening the 
wet seals on the generator or, more usually, 
adapting a dry grate. 


Increasing the blast pressure involves a shorter 
time conta('t and less loss in the form of carbon 
monoxide in the blow gas. This increases the 
heat stored in the fuel bed and hence the thermal 
efficiency of blue water-gas production, but it 
lowers the waste-heat steam generated. The 
proportion of the cycle occupieci by the blow is 
reduced and the plant output increased. Limits 
to the blast pressure are set by the loss of coke 
blown from the fire and the increased difficulty 
due to clinker formation. 

J. G. King and B. H. Williams (F.R.B. Tech. 
Paper No. 43) have also studitMi the effect of 
variation in rate of blowing and have developed 
an equation from which variation in blow'- 
gas composition with blast pressure may be 
inferred. 

(v) The Depth of Fuel lied. —The fundamental 
incompatability of the need for a shallow fuel- 
bed during the blow' and a deep fuel-bed during 
thc! stc^aming has led to special designs of plant, 
e.g. Kramer and Aarts (3. Gasbeleucht. 1903, 
46, 921). This cemsists of twin gemerators 
operat(‘d in parallel during the blow' and in 
seiH's during the run. The Dellwik-Fleischer 
generator operates with a shallow fuel bed and a 
low steam rate {ibid. 1900, 43, 354). 

In plant of more orthodox design it is cus¬ 
tomary to have a fuel bed of 0 ft., and variation 
of this depth is suggested by F. J. Dent (Trans. 
Inst. Gas. Eng. 1935-36, 222) to compensate for 
fluctuations in coke size and wetness. No 
advantage is to be gained by adopting a shallow 
fu(.‘l-be(l as standard because costs rise as a result 
of a lower thermal yield of gas and the gas output 
is reduced. 

The fuel bed functions as if it w'ere a reaction 
zone between a mass of coke and a mass of 
clinker which act as heat generators. Reducing 
the depth increases the loss of sensible heat from 
the fuel bed. The optimum d<‘pth is, therefore, 
that which avoids excessive loss in sensible heat 
in the gas without clausing undue resistance to 
gas flow. 

(vi) The Nature of the Fuel. —The carbonaceous 
materials that have been used for production 
of w ater gas include coke, bituminous coal, semi- 
(^oke, crude lignite and lignite briquettes. These 
vary in their volatile-matter content, caking 
power, tendency to disintegrate, grading, ash 
fusibility and inherent reactivity. Generator 
design has, therefore, been modified to overcome 
the special difficulties. For example, a fuel 
containing appreciable volatile matter may be 
gasified in a generator fitted with a super¬ 
imposed carbonisation shaft in which the sensible 
heat of the water gas produced in the generator 
proper is used to expel the volatile matter in the 
freshly-fed material. 

In this country, where coke is commonly used, 
it is recognised that desirable characteristics are 
{a) large size and uniform grading (since these 
influence the resistance of the fire and affect the 
time of contact), (6) a high density which per¬ 
mits the use of a high blasting rate without 
undue loss of fuel due to blowing over as 
fliers, and (c) an ash which does not clinker 
readily. 

If a material screened above IJ in. with 26% 
above 3 in. is used, the gas output is about 20% 
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greater than when in. material is gaHified. 
Thermal yieldn would be in the Hame ratio, due 
to the greater amount of potential heat loHt in 
the blow gaa on account of th(‘ greater Hurface 
presented to the gases as well as to the lower air 
rates. These* losses can be reduced by adoj)ting 
a shallow(‘r fuel bed. Wl)C're the lower cost of 
smaller fuel comjauisates for th(^ reducetl oiit- 
yjut and thermal yiehl, lower grade fuels (‘an be 
satisfac^torily employed. 

Moist\irc in the coke has to be evaporated by 
the gases leaving the generator and (*onse- 
(juently the tempc'rature of these gases is 
d(‘cn*ased. This fall in temperature may lead 
to difficulty in igniting the blow gas and may 
recpiire a change in air-steam ratio to (*om- 
])ensatc for it. 

The reactivity of a fuel bed is a function of its 
tem])erature, the surface presented and the 
inhenmt reactivity. The temperature is Iimit(‘d 
by that at whicVi clinkering occurs, whilst the 
surface ])resented is determined by the size of 
the cok(‘, but small coke has ov<‘rriding dis¬ 
advantages in otiier din'ctions. A high in¬ 
herent r(;activity is (l(‘sirable since*, for a gi\en 
rat(* of steam decomposition, there is a lower 
operating temperatun* and there are smaller 
losses in sensible luuit from the geneiator. A 
low reactivity to rarbon dioxid(* and a high 
reactivity to steam would be desirabfein wat(*r- 
gas production, but th(‘se two reactivities an* 
usually parallel. Kurthermon*, initial n^activity 
is affecU'd by the; heat treatment the (oke 
receives in the top of a generator before it 
d(^scends into the leaction zone. The Find 
Research Board (/.r.) liav(^ made compari.sons 
of the performance of a water-gas plant when 
gasifying horizontal-retort coke, vertical-retort 
coke and semi-cjoke. The tests were carried 
out at ecpial air rates and the water-gas outputs 
rose with increasing reactivity, viz. vl9*7, 42-1 
and 46*G therms per hour. The increase in the 
output with semi-coke was partially due to 
residual volatile matter. The water gas from 
the semi-coke did not show a higher carbon 
dioxide content, indicating that the effe(*t of 
any lowering of the fuel-bed temperature is 
counterbalanced by the greater reactivity to 
steam. Thermal efficiencies w'cre .similar because 
increased reactivity also involved increased 
production of carbon monoxide in the blow" 
gas. 

Continuous Watjer-Gas Produoiton. —It 
has been made clear that when the necessary 
heat is supplied by blowing with air, the intro¬ 
duction of atmospheric nitrogen necessitates the 
discarding of the blow gases and the operation 
of the plant cyclically. It is possible, however, 
to supply the heat of reaction by the use of 
oxygen with the steam. See H, J. Hodsman 
and J. W. Cobb (Trans. Inst. Gas Eng. 1919-20, 
429) and F. J. Dent {ibid. 1936-37, 120), 

The continuously operated Winkler generator 
(Big. 10) employs a mixture of oxygen and 
superheated steam, the fuel being small (up to 
6 mm.) dried brown coal or semi-coke derived 
from brown coal. The velocities of the incoming 
gases are such that the fuel in the generator is 
kept in a state resembling ebullition, a condition 
which favours intimate contact and good heat 


transfer. A generator of 220 sq. ft. cross- 
se<*tion is capable of the enormous output of 
42 million cu. ft. of water gas per day. Generators 
of this type ur(^ employed at Oppaii and Leuna 
in Germany for the production of hydri^giui for 
ammonia Hynthenis and coal hydrogenation. A 
proportion of the fine fuel is blown over and 
provision lias to be made for freeing the gas 1‘rom 
dust by iru'ans of direct coolers and electrostatic 
pr(M*ipit.aiors, Typical gas compositions have 
IxHUi given (G/'nic (Ivil, 1936, 109, 105) : 


- . _ . 

— 



(Jasifying mixture. 

('oinpoMitiou, 

Oxygen 

Oxygen 


and 

air atid 


steam. 

steam. 

(’omjKKsition : 

0' 

0 / 

/o 

CO.,. 

13-20 

15-2 

CO. 

47-36 

32-9 

H2. 

39-41 

29-7 

CH4. 

0*6 ()-4 

1-3 

N.,. 

0-4 Of) 

20*9 

Raw’ mat(*rialK per cubic 



nu'trc (>i‘ gas : 

Fu(*l (kg.) . . . . 

0-62 

0-5 

Air {(‘iibic metres) . 


0*23 

Oxygen at 98% purity 

0-27 

017 

St(*am (kg.) . . . 1 

0*3 

0*2 



The high proportion of oxides of carbon is due 
to admixture of the combustion products and 
carbon with the water gas and also to the high 
percentage of oxygen in the original fuel. 

The Lurgi generator (Big. 11) consists of a 
water-jacketed vessel of about 3 R. 9 in. internal 
diameter which operates with a 10 ft. fuel bed. 
Operation of the process is restricted to non- 
caking coals; a large-scale plant at Zittau 
operates on lignite {cf. Arch. Wtirmewirt. 1938, 
9 , 201). The gasifying medium consists of a 
mixture of pre-heate(i oxygen and steam at 
about 20 atm. and this pressure is maintained 
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in the generator. The fuel is fed into the 
generator by means of a feed chamber having a 
bolted cover plate above and a cone feed valve 
below. With the chamber full of fuel, charging 
consists of equalising the pressure in the 
generator and the feed chamber, and then lower¬ 
ing and replacing the cone valve. After blowing 
off the gas contained in the feed chamber, the 
(‘Over plate is removed and the feed chamber 
refilled with more fuel. A similar device below 
the grate permits the intermittent withdrawal 
of the ash. Gas production proceeds con¬ 
tinuously. High pressure is adopted because 
it is found that a process is suf)erimpoHe<l upon 


Coaf 

I 



the water-gas production which leads to the pro¬ 
duction of methane in the upper part of the fuel 
bed. This production is favoured by pressure, 
and it would appear that the mechanism depends 
upon the hydrogenation of the “ fixed carbon ” 
of the fuel (Trans. Inst. Gas Eng. 1938-39, 150). 
F. Danulat (Mitteil. der Metallgesellschaft, 1938, 
No. 13) has given details of the operation and 
working results with a plant of this type. An 
output of 0*62 million cu. ft. of gas of a calorific 
value of 440 B.Th.U, per cu. ft. was obtained 
and the oxygen requirements were only 15% of 
he volume of gas produced. The composition 
of the gas before and after washing under 
pressure is: 



(-ntde. 

Purified. 

COjfH.S. 

% 

30(> 

% 

3-0 

CnHm. 

0-6 

0-5 

O 2 . 

01 

0-1 

CO. 

16-5 

22*8 

H 2 . 

340 

48-7 

CH 4 . 

16-3 

22-6 

N 2 . 

1-9 

2-3 


The advantages of operation under pressure, 
besides the raising of th(‘ eah)rifi(‘ value, are : 
(i) low velocities through the fuel bed, (ii) sinipli- 
fieation of purification and of benzole stripping 
from the gas, and (iii) ease in transmitting the 
gas over long distanees. 

Jt should be noted that the practice of steam¬ 
ing adopted in the production of town’s gas in 
the continuous v^orti cal-retort is an example of 
eontinuouH water-gas produetio!i. Here the 
heat of reaction is derived partly from the 
sensible heat in the (^oke and partly from heat 
transferred through the retort walls (cf. M. 
Barash and T. M. Tomlinson, Proe. Intern, (’onf. 
Bituminous Coal, 1931, 1 , 095). 

The l^ntsch-Hillebrand generator produces 
water gas continuously without the use of 
oxygen. The plant consists essentially of a 
g(*nerator mounted upon twin regenerators. 
Provision is made in the generator for the car¬ 
bonisation of lignite bricpiettes in its upper half 
and for water gas production in the lower half. 
Each part has a Hoj)arate ofl’-take. Some of the 
water gas made is mixed with the prodvuits of 
carbonisation derived from the upper section, 
and is then preheated in one of the regenerators. 
The heated gas mixture is then led into the fuel 
bed, where its sensible heat is expended in the 
carbonisation of the coal. A portion of the pre¬ 
heated gas is reserved for combustion in the 
second regenerator, where it is burnt with air, 
which may be mixed with waste gas to lengthen 
the fiame. By this means the temperature of 
the regenerator ehequer-work reaches about 
1,3(X)". 1'he reigenerators are changed .over 
every 15 minutes. Where an external supply 
of gas is available for heating, the output of gas 
from the generat(or may be increased by as much 
as 05%. A description of the operation of a 
plant of this type has been given by H. Miiller 
((-hem. Eng. Congress, World Power Conf. 1936, 
E5), who discusses the advantages of water gas 
as a source of hydrogen. 

Industrial Applications op Water Gas— 
Water Oas as a Source of Hydrogen .—The in¬ 
dustrial demand for large quantities of cheap 
hydrogen has acted as a great stimulus to water- 
gas production. In the synthetic ammonia 
industry, for example, the main factor in the cost 
of production is the cost of the hydrogen {v. 
Am-Monia, Vol, I, p. 334). 

Methods based on water-gas production which 
are available for the manufacture of hydrogen 
on a large scale include the following: 

( 1 ) The production of water-gas from coke by 
the normal (discontinuous) method, followed by 
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conversion of the t;arbon monoxide to carbon 
dioxide and its elimination. 

(2) The j)rodii(dion of water ^as from (^oke by 
a continuous method employing oxygen and 
steam. 

(3) The production of water gas from lignite. 

(4) The decomposition of gaseous hydro¬ 
carbons by means of steam. 

(5) Re>!duction of iron oxide to iron by water 
gas followed by the passage of superheated 
steam over the iron to form iron oxide and 
hydrogen (Lane pnx'ess). 

The production of hydrogen by such processes 
will be treated under Hyj)ROg?:n. 

Synthesis (ias .—There is required for the syn¬ 
thesis of methanol or the Fischer synthesis of 
hydrocarbons, a gas in which the ratio of (*arbon 
monoxide to hydrogen is 1:2. The ratio of 
CO/H2 in normal blue water-gas is 1:1 *2.5 and 
the following methods are employed to prodin e 
from it a gas of the- rcfjuired ('omposition : 

(1) JVoduc;tion of blue water-gas, its purifi¬ 
cation from sulphur compounds and the con¬ 
version of some of the carbon monoxide into 
hydrogen by catalytic interactioji wilh sttuim, 

CO I H2O- CO2 f 

The unconvertf'd and converted gases are tluui 
mixed to obtain the correct projK)rtion of 
liydrogcm to (carbon monoxide. 

(2) Modification of the; water-gas process by 
introducing debenzolised coke-ovcm gas along 
with the steam during the “ iiiakc' ” whereby 
tlie reaction 

COfSHg. 

augments the hydrog('n of the blue water-gas 
and the hydrogen of the coke-oven gas. For 
100 vol. of blue water-gas, 70 vol. of coke-oven 
gas are needed to give a total of 220 vol. of 
synthesis gas. 

(3) Gasification of semi-coke in an ordinary 
water-gas generator goes part of the w'ay to¬ 
wards the recpiired ratio, e.g. 54% Hg to 3f)% CO 
can bo attained. The volatile matter of semi¬ 
coke is rich in hydrogen and most of this re¬ 
appears in the water gas and enriches it in 
hydrogen. 

The coke ovens from which the coke fuel for 
the water-gas sets is obtained may conveniently 
provide extra hydrogen. 

Another industrial application of w^ater gas is 
found in nickel metallurgy, where both the 
carbon monoxide and the hydrogen in the >vater 
gas arc required in the manufacture of metallic 
nickel from the ore by the Mond process {cf. 
Anon., Ind. Chem. 1934, 10, 253). The ore 
consists essentially of a mixture of the sulphides 
of nickel and copper and, after extraction of 
the copper, the matte remaining contains almiit 
50% of nickel. The opt^ration for extracting 
the nickel consists in reducing it to the metallic 
state by means of hydrogen, follow^ed by ex¬ 
traction with earlmn monoxide as nickel car¬ 
bonyl, which is then decomposed to give the 
metal. It is not necessary to separate the 
hydrogen for the reduction ; a supply of water 
gas is passed directly through the reducer. The 
reduction' process is interesting in that it is 
accomplished at so low a temperature that the 


carbon monoxide effects only about 3% of the 
reduction, some 97% being due to the hydrogen. 
The reaction with hydrogen, although an endo¬ 
thermic one is, at the temperature employed, 
from 20 to 40 times as rapid as the exothermic 
reaction with (carbon monoxide. The result of 
this great activity of the hydrogen in the reduc¬ 
tion is to give an end gas whielx is very rich in 
carbon monoxide and is thus suitable for the 
formation of nickel carbonyl. 

H. H. and W. A. V. 

GATTERMANN REACTION (r. Vol. 
Ill, 585d). 

“GAUGING PLASTER” {v. Vol. II, 
132-^/). 

GAULTHERIN (Monotropin), the parent 
glycoside of methyl salicylate, obtain(‘d from 
ikmUheria'procnmbcih'i L., it contains the disat;- 
charide, primeverose (Bridcl, Compt. rend. 1925, 
180, 1854). 

GAULTHERIOSIDE. A glycoside ob¬ 
tained from (Jaultherin 'prorunibens L. It has 
m.p. 18.5°, | a]i) --58-07° (anhyd.), and yields on 
hydrolysis glucose, xylose and EtOH (3. 
Hahate and S. Ral)ate'% Hull. Soc. Chim. biol. 
1931. 13, 504). 

GAUSS CELL (r. Vol. Ill, 54</). 

GEASE (w. Vol. IV, 3145, 394d). 

GEDRITE (v. Vol. I, 302^/). 

GEGENIONS {n. Vol. Ill, 284w). 

GEHLENITE (r. Vol. 11, J45r/). 

GEIJERENE. The hydrocarbon, geijcrenCf 
CijH,,. b.j). H57I7 (»'870, 1-4888, 

| al,);L0°, occurs in th(‘ (essential oil from Oeijera 
\parvifiorn (Henfold, J. Proc. Roy. St>e. New 
I Soutli Wales, 1930, 64, 254; Penfold and 
I Simonsen, ibid. 1932,66, 332). The hydrocarbon 
is nionoeyelie and (‘ontains three ethylenie 
linkages, one of w hich is present as a methylene 
group, but no further evidence as to its structure 
is available. Ilexnhydrogeijerene, b.p. 95°/20 
mm., d'^l 0-8373, 1-4577, has been prepared 

by the (*atalytie hydrogenation of geijerene. 

J. L. S. 

! GEIN (r. IV, 394d). 

I GEISSOSPERMUM VELLOSII, AL¬ 
KALOIDS OF. From the bark of Geisso- 
sperwum Vellosii (Fam. Apoeynacefc) (syn. 
Tabernaomontana he vis Veil., Geissospermum 
la;ve (V^ellozo) Baillon, vulg. Pao Pereiro, Pau 
Pereira) an amorphous brownish-yellow extract 
is obtained which since long is used as a febrifuge 
under the name of “ pereirine in Brazil. For 
history and botany of pereiro-bark, see Ray¬ 
mond-Hamet, Bull. Sci. pharraaeol. 1937, 44, 
449. 

It w^as Hesse who first isolated from pereiro- 
bark the tw^o alkaloids geissospermine (I) and 
pereirine (II) (Annalen, 1880, 202, 141) and a 
third alkaloid vellosine was found by Freund 
and Favet (Ber. 1893, 26, 1084; Annalen, 1894, 
282, 247). References to early literature may 
also be found in the papers by Bertho and co- 
workers (Ber. 1931, 64 [B], 2278; Annalen, 
1934, 509, 241) who re-examined the plant and 
gave the following details : 

Geissospermine (1), C4nH5(y03N4+IJHjO, 

from aqueous MeOH, [o]*“ -101-9° (EtOH) 
or (I) -f 2 H 2 O from ethyl acetate or benzene, 
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[a]‘Jj —108*2^ (EtOH). Two of the four N- 
atoms of geiesospermine are basic, it yields 
neutral salts with 1 mol. of a dibasic acid and 
combines with 2 mol. of methyl iodide. The 
salts are crystalline; it contains one -OMe 
group and a labile basic - N M e group. For colour 
reactions, aee Raymond*Hamet {lx,). 

Pereirine (11), CgoHjeONg^O-SHgO, [a]i, 
-f 137-5"’, amorphous, yellowish coloured powder 
with intensely bitter taste (whereas (I) is taste¬ 
less). (11) is obtained fnmi the mother-liquors 
of (1) and is readily soluble in EtOH, MeOH, 
Et20, ethyl acetate, benzene, and CHCI3. 
(II) does not contain -OMe or -N Me groups. 
The salts, the methyl ether, and the methiodide 
are also amorphous. 

Vellosine (III), C23H2«04N2, [a]i, -f22-8", 
m.p. 189°, crystallises from EtOH, it contains 
two -OMe groups and behaves as a mono- 
acidic tertiary base. The salts are crystalline, 
and physiologically it resembles brucine. 

The constitution of the three Geissosj>ermum 
alkaloids is unknown, although the work of 
Bertho and (^o-workers makes it probable that 
these alkaloids are indole- or perhaps harmane- 
derivatives. By treating geissosperniine with 
alcoholic HCl its apparently symnietrical mole¬ 
cule is split into two equal halves : 

^ 20 ^ 26 ^ 2 ^ 2 ^“ ^^ 2 ^’ 

[a]^^ —57-4°, m.p. 115°, amorphous, readily 
soluble in MeOH, EtOH, acetone, etc., only 
sbghtly soluble in benzene, CHCI3 and EtgO. 
The salts and the methiodide are also amorphous. 

Freise (Pharrn.-Ztg. 1938, 81, 241) has isolated 
from strychnos spp. curare-like alkaloids among 
which there is a base very similar to or identical 
with vellosine. 

Schl. 

GELATIN. —Gelatin is the first hydrolytic 
product of coUagen. Commercial gelatin is the 
purest form of glue (q.v.) and is made from hide 
or skin trimmings or bones by similar methods 
but with greater precautions to ensure purity, 
especially in the case of the photographic and 
edible varieties. 

Manufacture.—( a) Hide and Skin (Jelntins. 
—These constitute a large proportion of the 
supply. The raw material has to be carefully 
chosen. Hide and calf pieces (trimmings such 
as ears, cheek-pieces, pates, fleshings, etc.), 
make the best gelatin. Sheep spetches, hand 
fleshings and goat and deer pieces are also used 
but give a darker product. These may come in 
the green or dry state from the slaughter house 
or after treatment with a lime suspension from 
the tannery. The presence of sodium fluoride or 
silicofluoride in the curing salt does not lead to 
an abnormal amount of fluorides in the gelatin 
(Jordan-Lloyd, Collegium, 1933, 698; J. Soc. 
Leather Trades’ Chem. 1934, 18, 501), but arsenic 
and bacterial contamination must be absent. 

The first process is a thorough washing in 
tumbler or barrel mills to remove salt from 
“ green ” stock and cleanse limed stock. It is 
customary to run the material through a shred¬ 
ding or pulping machine at this stage to obtain 
greater uniformity in the subsequent treatment. 
The sec<ynd process consists in treatment with 


a lime suspension. This extracts some of the 
non-gelling constituents, saponifies fatty material 
and opens up the collagen fibres, causing separa¬ 
tion into fine fibrils which, in their turn, arc 
separated further into the long colloidal mole¬ 
cules of gelatin, which arc soluble in hot water. 
This liming operation is carried out by dumping 
the stock into concrete or wooden vats contain¬ 
ing the lime liejuors and turning frequently to 
ensure even distribution. Several complete 
changes of lime liquor are used and the total 
amount of lime re(}uired varies from 5 to 10% of 
the weight of the stock, and shoidd be free from 
iron and juanganese., The time taken depends 
on the kind and condition of the stock and may 
be 14-60 days. Treatment is complete when 
the stock is plumped and relatively free from 
grease. The time may be reduced by the use 
of “ sharpeners ” such as caustic soda. The 
temperature is a very important factor and 
should not exceed 20°(.\ otherwise the gelatin 
yields sensitive tmiulsions which tend to fog. 
The whole proce\ss should be very carefully 
controlled to avoid bacteriai growth which is 
liable to be present in old liquors. 

The third process is a thorough washing in the 
mills which should not be continued after the 
wash-water runs (dear and shows only a faint 
colour w'ith phenolphthalcin. Prolonged treat¬ 
ment results in the hydrolysis of the gelatin, 
which reduces the gelling temperature, the 
melting-point and the viscosity. The water 
supply should contain not more than 10-15 
grains per gallon of calcium and magnesium 
salts, and be as free as possible from iron, 
hydrogen sulphide, sodium carbonate, chlorides, 
ammonia, moulds and bacteria. Salts tend to 
soften and bquefy the gelatin. Formaldehyde 
(1 in 1(K),000) or other antiseptic may be added. 

The fourth process is careful neutralisation 
with sulphuric or, better, hydrochloric or sul¬ 
phurous acids. The acid is added to the wash- 
water in the mills to get even action. Sulphuric 
acid gives (*ah'ium sulphate which is difficult to 
wash out. Hydrochloric aedd must be free from 
traces of iron and arsenic. Sulphur dioxide is 
very detrimental in high quality gelatin. The 
stock should be rendennl neutral to Methyl 
Orange or Congo Red and must not redden 
phenolphthalcin. Acidity and alkalinity both 
lead to hydrolysis in the cooking and so it is 
necessary to bring the stock to a neutral con¬ 
dition with a pjj value of about 5-0 (Goelad, 
Gelatin, 1934, 2, 66, 75). It is then well washed 
with cold water in a revolving cylinder or paddle 
to remove the salts formed in order to obtain a 
product with a low ash. 

The fifth process is the cooking, which is 
usually carried out in large aluminium or 
wooden vats provided with water feed-pipes 
and false perforated bottoms, below which are 
steam-coils for injecting steam. The stock is 
('overed with hot water and heated. For higher 
grades of gelatin, temperatures from 55-80°C. 
are maintained for several hours. Fractionated 
cooking is usually practised, the liquor being 
drawn off through a valve in the bottom of the 
vat, fresh water added and a further extraction 
made at a slightly higher temperature. The 
first and second runnings are the best, the third 
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and f(jurth yi(?ldiiig nize. The rcHidue is used as 
a fei-tiliser. In Franco, batteries of closed metal 
kettles are in general use. 

The sixth process is clarifying by settling or 
press filtration. The liquor from the boiling 
floors is sometimes run into large shallow vats 
and kept warm so that the grease rises to the 
surface and insoluble matters separate out. 
Fsually the li(|uora are passed through coarse 
filters to remove undissolved organic matter, 
albumins, mucins, lime soaps and mineral 
particles. Further filtration is then effected by 
the use of press filters filled with cellulose. Or 
the liipiors may be ('larified by the use of potash 
alum or th<‘ addition of egg albumen solution to 
tlui <'Ool mixture, the temperature then being 
gradually raised until coagulation takes place. 
After settling for some hours the clear liquor is 
siphoned off anti filtered. 

The seventh process is concentration. This 
cannot be effected by simple evaporation because 
a skin would form and the interior portions 
would lose their jellying ])ower. The aerobic 
system consists of rotating cylinders half in 
and half out of the liquor at 70-80"(\ The 
Yaryan or climbing film type of evaporator 
(c. Evacoration, Vol. IV, is in more 

geuieral Uvse because heating at 70"C. impairs 
th<‘- setting power of the gelatin. The water- 
absorbing ca})acity of gtdatin depends upon the 
concentration at which it is set prior to drying. 
For thin sheet varieties this is usually sto])ped at 
5-()% as shown by a hydrometer, and setting is 
effected by chilling in shallow metal trays in a 
refrigerator, or by fetaling over a series of slowly 
moving chilling rollers, cooled internally by 
brine. The operations of chilling, cutting up, 
placing on metallic frames and drying are 
usually carried out by machine so that the 
gelatin is not touched by hand. 

The eighth process consists in bleaching with 
sulphurous acid or hydrogen peroxide, but this 
is only necessary where low grade raw material 
has been used. 

The yiinth process, the drying, must be very 
carefully controlled because slow heating 
favours hydrolysis, bacterial and mould growth, 
whilst prolonged heating impairs the gelatinising 
pow^r. The temperature must not exceed 2(FC. 
or the gelatin may soften or melt. It is thus 
best to dry in vacuo or in a chamber in which 
the velocity, temperature and relative humidity 
of the air current are controlled. The speed of 
the hydrolysis is least if the range is 4*7-r) 0 
(Wtupholmc, Food Manuf. 1938, 13, 4(>). The 
water-content should be reduced to 10-15%. If 
higher a flexible product with poor keeping 
quality is obtained. If lower the gelatin is 
brittle and has reduced jellying power. Sheet, 
cake, leaf, pearl, powdered, flake, kibbled and 
pressed foam preparations of gelatins (Sheppard 
and Hudson, Ind. Eng. Chem. 1930, 28, 422) 
are on the market. 

(/>) Bone, Gelatin, —High-grade commercial 
gelatin is also made from ossein and hom-pitb, 
w hilst horns, intestines, bladders, flsh-bones, etc., 
are used for the crude varieties. The ossein is 
made by slowly pumping 0-8% hydroc^hlorio 
acid (free from arsenic and iron) in counter- 
current system through the degreased bones in 


large wooden vats for 5-10 days to remove the 
mineral constituents, (chiefly calcium phosphate 
and carbonate. The acid liquor, saturated with 
the calcium salts, is discharged for recovery of 
the phosphate for use in fertilizers, bone china 
and phosphate baking powder. Sulphuric acid 
is not suitable owing to formation of insoluble 
calcium sulphate. A solution of sulphurous 
acid in a closed tank is frequently used because 
it bleaches and can be recovered. It is necessary 
to remove by thorough washing all the mineral 
constitiumt.s from the bones and the soluble salts 
formed. The residual acid is neutralised with 
lime-water. The ossein is then limed for 6-7 
weeks with lime suspensions to plump it and 
remove the mucins. The efteed of liming is dis¬ 
cussed by L. Meunier and P. Audry (J. Soc. 
leather Trades’ Chern. 1935, 19, 408). It is 
then treated as with hide gelatins. The yield 
from ossein is 65-85% of gelatin. 

i^KOPERTiKs.—The proj[)ertie8 of gelatin arc 
influenced by the collagen from wdiich it was 
made, by the concentration at which the strong 
solution set, by even small traces of mineral salts 
and by drying. Commercial gelatin contains 
I -2% ash Jf whi('h 0-2-0*5% is lime, 8-15% of 
water; gclatoses and peptones. Bone gelatin 
contains tra(*es of sulphites and phosphates 
(Procter, Kolloid-Bcih. 1911, 2, 243). This is 
no disadvantage either for edible uses or for ad¬ 
hesives, but further purification is necessary for 
some photographic' gelatins and to obtain a pure 
matt'rial for resc^arch purposes. Purification can 
be effc'cted by washing with a mixture of dilute 
hydrochloric acid and sodium chloride, and 
dialysing at tln^ isoelectric point (pu 4*7) until 
free from chlorides (Smith, J. Ainer. Chem. Soc. 
1921, 43, 1359; Jordan-Lloyd and Plea.s8, 
Biochem. J. 1927, 21, 1352), or it can be elFected 
by electro-dialysis, which is stated to effect the 
separation of a more soluble and a less soluble 
form (Schryver and Thimann, ibid, 1927, 21, 
1284; Knaggs and Schryver, ibid. 1924, 18, 
1079) or by electrolysis of a gelatin gel l)etween 
platinum electrodes (J. Swyngedauw, Compt. 
rend. Soc. Biol. 1937, 126, 33, 35; KoUoid-Z. 
1938, 83, 230). Electrolyte-free gelatin acquires 
the power to flocculate gold sols after ultra-violet 
radiation. 

Gelatin is generally an amorphous, brittle, 
transparent, colourless, tasteless, inodorous sub¬ 
stance. It is neutral to test paper and absolutely 
permanent in dry air. When moist or in solu¬ 
tion, it rapidly putrefies and possesses the 
characteristic property of becoming acid at the 
commencement of the change, although am¬ 
monia is finally evolv’^ed. It has a specific 
gravity of about 1*3 and no definite melting- 
point, but begins to soften with decomposition 
at about 140”C. It is insoluble in cold water, 
alcohol, chloroform, carbon disulphide, ether or 
hydrocarbons but dissolves readily on heating 
with l)enzyl ahnihol (Overhoft*, lOth Internat. 
Congr. Chem. Rome, 1938; J. Soc. Leather 
Tradevs’ Chem. 1938, 22, 473). It dissolves in 
warm w'ater (except if pure, w'hen it is only very 
slightly soluble even at 100°C.) forming elec¬ 
trically neutral, multipolar zwitterions at the 
isoelectric point {p^ 4*7). The solution con¬ 
tains a large amount of gelatin A, which is 
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stable above 35"(\ and has a specific optical 
nitation of —313'^,, and very little gelatin B, 
which is stable only IkjIow 15" and has a specific 
optical rotation of —141" (Smith, J. Amer. 
Chem. Soc. 1919, 41, 136). Salts reduce this 
mutarotation. A crystalline variety of gelatin 
also exists (Bradford, Nature, 1923, 111, 200). 

Gelatin dissolves in dilute salt solutions and 
its solubility greatly increases in strong solutions 
of nitrates, iodides and sulphocyanidcs and in 
strong solutions of urea. A 15% barium chloride 
solution dissolves sufficient gelatin to make it 
syrupy and the solution keeps \\dl. Strontium 
chloride has a similar hut less effect. It is 
readily soluble in A7I sodium salicylate. It is 
soluble in conccuitrated a(^eti(! a<*id and in 
mirjpral atads, and Iosoh its gelatinising power, 
but the solution forms a powerful cement for 
glass, etc. lJu>novU})\s liquid (jlue con.sists of a 
solution of 2 lb. glue or gelatin in 1 (piart of 
water and 7 oz. nitric acid {i-355 sp.gr.). 
Gelatin is soluble in the cold in alkalis and this 
solution, as well as the acid solution, is I'evorota- 
tory. On the other hand, gelatin reduces the 
sobd)ility of easily soluble salts and increases 
tlH‘ solubility of difficultly solubh* salts. More 
lime is dissolved by gelatin solutions than by 
water. 

Ash-fn‘e gelatin contains 49-4% of carbon, 
6-S% of hydrogen, 18*0% of nitrogen, 9-7'^Jo 
sulphur and 251% of oxygen (Chittenden, 
J. Physiol. 1891, 12, 33). l^ater analy.ses eon- 
lirm the presence of sulphur but it is difficult to 
obtain it fn‘e from ash and peptone. Dakin’s 
technique (Bioehem. J. 1918, 12, 290; d. Biol. 
Chem. 1920, 44, 499) for separating individual 
amino-acids in protein hydrolysates by extrae- 
ti<m with butyl alcohol accounted for 91*3% of 
the amino ac ids separated or else estimated from 
van Slyke’s data {ibid. 1911, 9, 185). This is 
e(|uiv'alcnt to about H0^{, of the mole'cule. 
Atkin (J. Soc. Leather Trades’ Chem. 1933, 
17, 575; 1937, 21, 513) has amended the 
pereemtages of the various amino-acids, thus 
accounting for 79*27% of tlu^ gelatin molecule, 
25*5% glycine, 19*4% prolino and 14*4% 
liydroxy-proline are the main constituents. 
Tryptophane is absent but histidine, tyrosine 
and c'ystine are present in small amounts. The 
part unaccounted for correspond.s to mono- 
amino-aeids only and its averag'e residue weight 
is 123. The whole number of molecules of 
amino-acids is 360 in a molecular weight of 
34,500, which is in harmony with the average 
dimensions as deduced from X-ray analyses 
(Asthury and Atkin, Nature, 1933, 132, 348). 

The properties of gelatin solutions are greatly 
influenced by their pn value. The solubility 
and degrtH) of dispersion in solution increases 
rapidly on cither side of 4*7. On the acid 
side, the curve of combined acid rises regularly 
with decreasing up to a level region at about 
2. The curve of combined alkali rises 
rapidly with increasing pn until nearly 7, 
then gets less steep, but rises again at higher 
values. Neutral salts cause increased fixation 
of acid and alkali. On deamination there is a 
fall in the acid-binding power and in the 
swelling. 

Gelatin is completely precipitated by half¬ 


saturation with ammonium, zinc or magnesiiira 
sulphates, sodium chloride in the presence of a 
little acid, trichloroacetic^ acid and phospho- 
tungstic acid. A saturated solution of picric 
acid completely precipitates gelatin at 8°C. On 
the other hand it fails to give the glyoxylic, 
Millon and sulphur tests (in spite of the pre^sence 
of sulphur) and produces only a slight xantho¬ 
proteic reaction. It is not precipitated by 
normal lead aectate or ferroeyanic aeid. Thus it 
is not a typical protein and resembles the 
albumoses. 

G(‘latin is precipitated by tannin in acid solu¬ 
tion, provi(le<l that it is not pre^sent in excess, 
forming a compound of variable composition 
whi(*h is not capable of emjdoyment as a leather 
on account of its lack of strued-ure. It is also 
“ tanned ” by salts such as alum, chrmne alum, 
basic chromic and irot^ salts, which diminish the 
soluhility and raise the melting-point of the 
jellies. Bichromated gelatin, which becomes 
insoluble and does not absorb water after ex¬ 
posure to light, is uH(*d in carbon printing, photo- 
lithograpliy, other photo-rneehariical ])roc('sses 
and in cement making. Gelatin also combines 
with silver in alkaline solution to form gelatiii- 
.silver compounds, which bla< kcn on standing in 
the light. Gold chloride, platinic sulphate, 
stannous chloride and mercuric chloride also 
precipitate gelatin. Moi.st gelatin combines 
with 15*4% of chlorine (reckoned on the air-dry 
ha.sis) yielding an extremely stable insoluble 
compound. LVoss, Bevan and Briggs («J. 8oe. 
(3iem. Ind. 1908,27, 203) adapted this reaction 
to the estimat ion of gelatiji in tub-sized papers. 
Traces of formaldehyde increase the tenacity 
and flexibility of gelatin, but even small quanti¬ 
ties render it insoluble, producing a hard, clastic, 
imperishable ]>roduct which is almost unaffected 
by water. Gelatin is used as a surgical dressing 
and as a dLsintegrator for medicinal tablets. 

3’he hydrolysis of gelatin is a very impoitant 
matter because its properties are determined 
by the extent to which this takes pla(;e. Pro¬ 
teoses (gelatoses, albumoses), {)ept()nes, simple 
polypeptides (kyrines) and amino-acids are 
formed and may all be present together. Alkalis 
have a more powerful action than acids, cold 
lime-water dissolves gelatin in a day or two and 
it is not precipitated on neutralisation. On 
prolonged heating with concentrated hydrochloric 
or 25% sulphuric acid, gelatin is completely cori- 
verted into amino-acids. Enzyme hydrolysis 
is much affectcfl by conditions of temperature, 
reaction, dilution, etc. Partial hydrolysis with 
pepsin in acid solution and trypsin in alkaline 
solution gives well-defined peptones. The latter 
on further hydrolysis yield a tri-peptide 
(kyrine) and then arginine, lysine and glutamic 
acid. 

The following are useful tests for determining 
the extent of hydrolysis and the (quality of com¬ 
mercial gelatins: (1) Gelatin is regarded as 
lieing insoluble in half-saturated solutions of the 
sulphates of ammonium, zinc and magnesium; 
the proteoses as insoluble in saturated solutions 
whilst peptones and amino-acids are soluble in 
all concentrations of these salts. (2) The fact 
that a mixture of saturated picric acid solution 
with 4 parts alcohol precipitates other proteins, 
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but not gf^latin, 1ms been applied to a method of 
estimating gelatin in presence of other pi'oteins 
(Herrar, Hioehem. Z. 1912, 47, 189). (3) The 
amount precipitatoti b}/ alcohol is often taken 
as an index of its (|ua]it\. 25 v.c, of 10% 

gelatin solution is treated with 75 e.e. of absolute 
alcohol. The eoagulum is waslu^d with dilute 
alcohol, cold water, dried and weighed. A good 
gelatin may give 98% whilst glues may give 
no more than 00%). The (‘ffeets of soilium 
and potassium chlorides in increasing this are 
additive, but tlu* following salt pairs are 
antagonistic: NaCI + CaClg; NaClfMgCI.^; 
CaCIgf MgCIg. (4) H. Stadlinger (Chem.- 
Ztg. 1936, 60, 305) measures the degree of 
hydrolysis by 100 ,V2/2A^j, where is the 
nitrogen content of 25 c.c. of a 2%) solution of 
the gelatin or glut* if) a sodium acetate-acetic 
acid buff<‘r of 4*7 and Nq is the nitrf)gen 
content of the jiortion precij)itated from 50 c.e. 
of the gelatin or glue solution by a mixture of 
magnesium sulphate and sulphuric acid. (5) The 
most accurate control of the amount of degraded 
})rotein present is probably obtained by bringing 
the g(*latin solution to 8*3 (tlu’ faintest pink 
to phenolphthalein) and tluui adding an excess 
r)f neutral formaldehyde. 4’h(‘ solution is then 
titrated with A710 NaOH, and for a givxn 
volume of gelatin solution the ratio “ c.e. 
A710 NaOH/ mg. totfil nitrog(‘n by ivjeldahl ” 
is a minimum when the gelatin is in its jiun^st 
form. As the long ])olypeptide chains are broken 
by degradation, the formaJd(4iyd(‘ titration in- 
eri'ascH (W. K. Atkin and F. ('. Thompson, 
“ Proc ter’s Leather Chemists’ Poc'ket Hook," 
London, 1937). 

The chief charac teristic of gelatin is its })ower 
of forming heat-reversible gels. When placcMl 
in water below 20'^C., the better varieties do not 
dissolve but swell up by imbibing 5-10 times 
their weight of water. The jirescuiee of acids, 
alkalies or salts greatly influences the amount 
of tliis swelling. At the* isoelectric ffoint, the 
water is jjrescni ])artly as loosely bound water 
removable by ])ressure, freezing or evaporation 
find partly as tirmly bound water removable 
only under (Conditions which damage the gelatin. 
This imbibition is aceoinjianied by an evolution 
of heat and a contraction in total volume. The 
transparent jelly melts at 24-45^0. aec'ording to 
quality, and the solution so obtained sets again 
to a jelly on cooling to J()^C\ if the eoneentration 
is above 1%^ or 0-5% if the jelly is highly purified. 
The best gelatins set rapiclly. Prolonged or 
repcfitcd heating reduces ancl finally destroys 
this property on w'hioh the value of gelatin 
principally depencls, so gelatin jellies should 
always be prepared by first swelling the gelatin, 
then pouring off the remaining water, adding 
furt,her water aa required, melting by warming 
to a temperature not above 50'’C. and slowly 
cooling. A scjlution heated to above 70"C. 
coagulates and never returns to its original state. 
In the ease of highly purified gelatin, the 10% 
gels are clear and stable; from 10 to 2% the 
gels are turbid, with a turbidity increasing with 
diminishing con eventration, but are stable at 
least up to 2 dajm. Below 2% the gelatin 
shrinks to a white clot which falls to the bottom 
of the vessel leaving clear fluid above (Jordan- 


Lloyd, Bioehem. J. 1022, 16, 530). Small 
quantiti(?s of electrolytes prevent this syna^resis. 

Neutra! salts exert a lyotrope effect and may 
favour swelling (iodides, nitrates) or hindei- it 
(Kul}»hales), but in all eases they diminish the 
rigidity of the jelly framework. Thc' [>eptiHiiig 
effects of salts Vfiry, In the case of a 5% solu¬ 
tion of gelatin eontjiining 33%, of the following 
salts (or saturat(*d in tlie ease of annnoniuin 
chloride* and potassium nitrate), with potassium 
chloride, rapid setting of the solution takes place 
on cooling; with ammonium chloride or inag- 
imsium chloride, d(4ayed set ting; with zinc 
chloride, potassium nitrate, ammonium nitrate 
or pcffassiuin thiocyanate, no setting. If the 
salts are removed by dialysis, the sols set to 
gels. If thc salts are restored to the system it 
again becomes liquid (Briggs and Hieber, J. 
Physical Chem. 1920, 24, 74). 

Minimum swelling is obtained at the iso¬ 
electric point, but it is much grcjiter in dilute 
acid and alkaline solutions. In the former it is 
influeneed by the natiin’! of tlie acid as well as 
the H* eoneentration. With increase of eon¬ 
eentration at 18'^r., it rises to a maximum at 
Pii 2-7 and then falls. Inerc'ase of thc tempera¬ 
ture increases the swelling, but the }>ositi()nK of 
the maxima and minima on the scale are 
afi’eeted. The alkaline curv'c has a broadly 
defined step at 7 -8 ami a maxinnini at/^^ 10. 
Keutral salts d(*pres8 acid and alkaline* swelling 
at low eonecntralioTis, the effect being a func¬ 
tion of the valenoies of the anions and cations, 
lonisable gelatin salts arc* formed and the 
prc'se.nc^c* of a colloidal gelatin io)) produce's a 
int'inbrane (‘quilibrium at the gel -water interface, 
resulting in an excess of diffusible ions in the gel. 
Thus there is exec'ss of osmotic pressure in the 
gel causing swelling which is bahinced by its 
eoherenee. From experimental values for the 
volume of the jelly and the tixtt*rnal acid con¬ 
centration, the eom'entrations of internal acid 
and ionised gelatin salt can be calculated. 
Neutral salts r(*})rc\s8 acid and alkaline swcdling 
(Proc'tc^r, Kolloid-Beih, 1911, 2, 243; d.C.S. 
1914, 105, 313; Proeten* and Wilson, ibid. 191<), 
109, 307 ; Jordan-Llovd and Idt'ass, Bioehem. J. 
1927, 21, 1352). 

J’he structure of gelatin jellies has been much 
discussed. Zsigmondy showed that 0-1-0-2% 
solutions are het/crogeneous after 2 days’ stand¬ 
ing and thus possess a cellular, sponge-like 
structure, but a solution prepared at the boiling- 
point shows a homogeneous light-eone in the 
Siedentopf-Zsigmondy ultramieroscope. Gelatin 
sols give a very diffuse X-ray diagram (Gern- 
gross and Katz, Kolloid-Z. 1926, 39, 181 ; Katz 
and Gerngross, ibid. 1926, 40, 332; Gerngross, 
Hen’mann and Lindemann, ibid. 1932, 60, 276) 
and are thus solutions of large molecules. Gelatin 
gels show an X-ray diagram of the “ pow'der ” 
type very similar to that given by collagen 
fibres. Setting to a jelly thus occurs when the 
scattered molecules conic* together to form a 
similar structure. The mechanical and optical 
properties belong to the solid framework whilst 
crystalloids (sodium chloride, copper sulphate) 
diffusing into the gel travel in the interstitial 
fluid phase. The rate of diffusion is very little 
loss than that through water but is reduced by 
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increasing the viscosity of the jelly by means of 
glycerin. It is the same in undeformed and 
permanently mechanically deformed gels. Liese- 
gang rings are formed when potassium chromate 
diffuses into a gelatin gel containing silver 
nitrate. Gelatin jellies arc litpiclied by some 
types of bacteria with decomposition into 
peptones. 

llic viscosity of gelatin solutions is very high, 
but depends upon their previous treatment and 
history, and is very variable with slight varia¬ 
tions in time, concentration and The 

viscosity of solutions greater than 1% increases 
at a greater rate than the concentration and is 
dependent on the rate of shear. The vis<*osity 
of a solution made by heating gelatin in water, 
when it .dissolves entirely as the A form, is 
constant at the isoelectric point but diminishes 
with time at all other reactions. On standing 
below gelatin B develops and the viscosity 
rises especially at the isoelectric poirtt. The 
increase of viscosity with time is probably due 
to the formation of a fine niolt'cidar structure— 
a system of catenary threads (Bogue, J. Arner. 
Chem. Soc. 1922, 44, 1313, 1343). With 0 5% 
gelatin, both viscosity and elasticity show 
minima at the isoelectric point. Viscosity 
shows maxima at 2 7 and 7-2; elasticity at 
3’5 and 5-5. Added salts reduce viscosity, the 
effect depending on the valency the opp<3sitely 
charged ion and on its lyotropic nature. 

Edible gelatin is largely used for cidinary pur¬ 
poses as a vehicle for other materials. Gelatin 
prepared from bones was largely used by the 
soldiers and poor of France during the first 
Revolution, but the idea that its liigh propor¬ 
tion of nitrogen renders its valua ble as a flesh-! 
former is erroneous because indispensable 
amino-acids are entirely missing. It is, however, 
of limited value as a heat-producer instead of 
fat and carbohydrates. Taken as a supple¬ 
mentary protein to vegetable proteins, it is 
valuable on account of its high content of lysine. 
It is readily attacked by pepsin with hydrolysis 
of its peptide linkages, the optimum of diges¬ 
tion being about 1-2. Crystalline trypsin 
hydrolyses gelatin more quickly than ehymo- 
trypsin. Gelatin is able to function as a pro¬ 
tective colloid in preventing (coagulation of milk 
during digestion and, also, in improving the 
texture and keeping qualities of ice cream. It is 
added to fruit preserves, jams, meat extracts, 
cream, etc., to give a fictitious body. It does 
not possess antigenic properties (lue to its 
deficiency in tyrosine, tryptophane and (*ystinc. 
It is largely used in bacteriology. Pharma¬ 
ceutical uses include surgical dressings such as 
Court plaster, which is a mixture of gelatin, 
alcohol and glycerin; capsules for medicine; 
and coating pills. It is valuable for taking casts 
and impressions for electrotypy, etc., in dyeing, 
for making inking rollers for printing, and as a 
size for paper-making and painting. It is used 
in the carbon process of photographic printing, 
which depends upon the property of potassium 
dichromate of rendering gelatin insoluble when 
exposed to the action of light. This property is 
also used in making an insoluble glue or a 
waterproofing material, by adding potassium 
dichromate to gelatin or glue just b^ore use. 


A large amount of the highest quality gelatin 
is used for photographic; films, plates and 
dcvclo])ing papers. In judging its value for this 
purpose, yh(‘ppard (“ Gelatin in Bhotography,'’ 
p. 117, London, 1923) gives the following 
reciuirements ; (1) It should give a clear and 

nearly neutral solution. (2) Tlie percentage of 
moistun; should not be greater than 20% and 
lower for “ soft " gelatins. (3) Tlu; ash should 
not exceed 2%. Bases and heavy metals should 
not be ])rcsent in more than mere trac'cs, as they 
arc harmful to phot()graj)liic emulsions. Sul¬ 
phates and chlorides should be; low. (4) (3ion- 
(Irin is objeetioiiabk' as it causes gelling in hot 
solution, especially when alum is present. 
(5) ForTnaldc'hydc' should lx; absent. A rose 
colour shoukl not bc' given on heating 10 g. with 
20 c.e. water to about 105'^(\, distilling with 
steam and adding to the distillate' a few dro})s 
of dilute phenol solution followed by c'onc'cii- 
trated siilf)hnric acdcl. (0) Sulphites should bc 
absc'ut. (7) 4’hc darkcuiing or precipitation on 
mixing a i-2% solution with an (‘cpial volume of 
10 % silver nitrate {containing ammonia, suffi¬ 
cient to rcHlissolvc the’ }>rcci[Ut.atc) should bc 
according to tlic usc'r's spc'cification. 

In ])rac‘ticc it is usual for the consumer to find 
by experience the; most suitable gelatin for his 
purpose' and cdieek future deliverit's in res})i'ct of 
those propertic's which arc; relevant. Thc' 
British Standard No. 757 — 1937, Mc'thods for 
Testing Gelatines (British Standards Institution) 
may bc uscxi. 'Phe physical tc'sts include: 
(1) Jc'lly strength, (2) Viscosity, (3) Melting 
point, (4) P’oam, (5) Water absorption, (0) Solu¬ 
bility of ])artially svvollc'n sheet, (7) Keeping 
cpiality, (8) Colour of jelly and of solution, and 
(9) Clarity, but the* first three are usually taktm 
as an index of the grade. The adhesive sireagth 
is sometimes inferred from the jelly strength, 
viscosity, melting point and tensile strength, the 
last is intlucnced by electrolytes, the effects 
being in direct relationship to the lytropic scries ; 
it is reduced by salts with a strongly hydrated 
anion (Pavlov and Kngelstein, Kolloid. Shurn. 
1930, 2, 821 ; Merekel, Kolloid-Z. 1937, 78, 41, 
339). The adhesive strength is reduced by pro¬ 
longed heating and increased by scxlium fluoride, 
sugars and substances containing OH groups. 
The rate of solution of jxivtially surdle7i gelatin 
in a restricted amount of water varies and the 
j following test may be used to discriminate 
between different samples : 20 g. of the sample, 
crushed to pass a ^ in. mesh sieve, is added all 
at once to 20 e.c. of water at 27®C. in a small 
basin. It is stirred continuously until all the 
water has been absorbed and left for 24 hours 
at 18-20®C. in a closed vessel containing water 
to give a relative humidity of 95“I00%. It is 
then added to 500 c.c. water at fiO^C. in a beaker, 
stirred gently for 4 miniltes at and poured 

through a 200 mesh sieve. The residue is 
rinsed with cold water, transferred to a weighed 
stainless steel dish and dried at I05°C. to con¬ 
stant weight. This is divided by 0*85 to bring 
to a gelatin basis and multiplied by 5. The 
result is expressed as per cent, insoluble residue 
of sheet gelatin swollen at 1:1. The colour is 
expressed in Lovibond units for a 6*66% w/w 
gel in a 2 in. Lovibond cell, after keeping for 
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2 hours at 15*^0. If the colour of the sol is 
desired the temperature sho\dd be adjusted tr) 
% 40°C. To 7-5 g. of the powdered sample, 105 c.c. 
of (lold distilled water is added and it is allowed 
to soak for 8 hours at ir)- 22°0. It is heated on a 
water-bath (not above 70°C.) for 15 minutes at 
not above and gentl}^ stirred. The colour 

is determined with a standard B.D.H. Lovibond 
Tintometer using artificial light. The clarity is 
determined by measuring phoioelet^trieally the 
light transmitted through a (i•()()% w/w gelatin 
solution contained in a 2 in. Lovibond silvered 
(H^ll, and is expressed as a percentage of the light 
transmitted through distilled water under the 
same conditions. 8'h(‘ standard apparatus con¬ 
sists essentially of a Weston photronic j)hoto- 
electric cell connected to a mieroammeter of not 
greater than 100 ohms n‘sistaTU“e. 'Phe sensitive 
face of this cell is illuminated by a ])arallel beam 
of light from a source, the intensity of which is 
adjusted so that when the Lovibond cell con¬ 
taining distilled water is jdaced in the path of 
the beam a reading of 100 Tii.a, is obtained. 
When the Lovibond cell is sub.stituUHl which 
contains the gelatin solution (prepared as pre¬ 
viously described), the curnmt recorded mea¬ 
sures directly the clarity of tlie sample. 

The chemical analyses are : 

(1) Moisture (k>nlpnf. —Air-dry gelatin con¬ 

tains 8-15% moisture. Over-dry gelatin is 
brittle and probably somewhat denatured, 
Mhilst it is readily attacked by moulds and 
putrefactive ba<deria wluui insufficiently dried. 
The. percentage loss in weight wlum a thin 
evenly distributed fihn of tin* gelatin is dried 
at ]05'X\ to constant weight is determined. 
1 g., broken up to pass through a iLS. 10 mesh 
test siev(‘, is weighed into a tared, flat stainless 
steel dish (70 mm. diameter, 15 mm. high and 
weight 20-30 g.). 10 c.c. distilled water is 

added. After allowing the gelatin to soak, the 
dish is placed on a water-bath to dissolve the 
gelatin and then evaporate most of the water. 
The dish is tran.sferred to an oven at 105'^C. 

] 2^, left there for 2 hours with the thermometer 
bulb ^ in. above the centre of the dish and the 
]05'^0. mark about 2 in. above the outside top of 
the oven. Iffie heating is continu(*d for |-hoiir 
periods until the weight is c()nstant to 1 mg. 
In crushing and samphng the rapid alttTation 
in moisture-content of finely divided gelatin 
with the humidity of the air must be avoided. 

(2) Reaction (pn)*—This is a very important 
criterion of (piality and should be about 4-9 for 
pure varieties. 1 g. of the j)owdered sample is 
dissolved as previously described in a small 
(juantity of warm, rei^ently boiled, distilled 
water in a stoppered flask of chemically resistant 
glass and the volume made up to 100 c.c. with 
rec*ently boiled and cooled distilletl water. After 
shaking and allowing to cool to 18-20‘’C., the 
Pij value is determined by the glass electrode. 
The amount of free acid can be determined by 
titrating with phenolphthalein. 

(3) Orease, —The grease content should be 
negligible. 10 g. of the powdered sample is 
soaked in 15 c.c. of cold distilled water in a 
porcelain basin until all is absorbed and 
heated on the water-bath until dissolution is 
completed. 40 c.c. of A^-alcoholic potash is 


added, the solution evaporated on a water-bath 
and the residue dried at 105°C. This is then dis¬ 
solved in 100 c.c. of 10% hydrochloric acid, kept 
on the steam-bath for | hour and transferred to 
a separating funnel making the volume up to 
100 c.c. When r^ool 50 c.c. of ethyl ether is 
added. After mixing thoroughly but not 
vigorously (mough to form an emulsion, it is 
allowed to separate and the ethereal solution 
run into another separating funnel. This pro¬ 
cedure is repeated twice with further 50 c.c. 
portions of ethyl ether. The ethereal solution is 
washed with cold distilled water until free from 
acid, transferred to a tared flask and the ether 
distilled off t)n a water bath. 3 c.c. of pure 
acetone is then added and evaporated off for 
2 minutes on the steam-bath in a gentle current 
of air from a bellows. The flask and dry residue 
are cooled in a desiccator and weighed. 

(4) Ash. —Th(‘ ash conkmt is one good index 
of the degree of purity. (!arc has to be taken 
to ash at as low a temperature as possible as 
many g(‘latins contain chlorides which are easily 
volatilised. It is advisable to check the possi¬ 
bility of overheating by carrying out (‘hloride 
tests on th<* ash and on the original sample. 
This is done by adding 10 c.c. of cold water to 
5 g. of the powdered sample in a nickel basin. 
After soaking for 1 hour, heating on a water- 
bath and adding 5 g. of pure lime, it is dried on 
a steam-bath. The organic matter is completely 
j ashed and the salt determined in the w’ater- 
extract after muitralising with a(‘etic acid, 
j (5) Sulphur J>ioxifh\ —For arbitration pur¬ 
poses in the food industry the method of 
G. Monicr-Williams (Heports on Public Health 
and Medical Subjects No. 43) is generally used. 
This consists in distilling 32 g. of the powdered 
gelatin with 500 c.c. of water and 20 c.c. of con¬ 
centrated hydrochloric acid in a current of COg. 
The SOg is absorbed in 20 c.c. of 3% hydrogen 
peroxide neutralised to Bromophenol Blue, and 
titrated with A 710 NaOH and Bromophenol 
Blue {v. Food Preservatives, this Vol. p. 3056). 

(0) Arscjiic .—This i.s liberated and estimated 
as parts of arsenious oxide per million of gelatin 
sample by means of the Gutzeit test in which 
the solution is reduced with zinc and the arsenic 
determined by comparing the stain on a mer¬ 
curic chloride filter paper with standard stains. 

(7) HcMvy Metals. —Lead, copper and zinc 
should be absent (r. Food Preservation, 
Metallio Contamination, this Vol. p. 2926). 

(8) Fluorine .—The amount of fluorides found 
in gelatin from fluoride-treated hides is 0*IS¬ 
C'lfl% as (compared with 0'()2-0'10% from normal 
hides (Jordan-Lloyd, Collegium, 1933, 098). 
It is determined to within 10% in the distillate 
after a single distillation with sulphuric acid by 
the peroxidised titanium method (Stuart, Dahle 
and Frey, J. Assoc. Off. Agrie. Chem. 1933, 16, 
612; J. Amer. Leather Chem. Assoc. 1937, 
32, 205) (v. Food Preservatives, this Vol, 
p. 298r). 

Chondrin (q.v.) differs but little in appear¬ 
ance from gelatin. It is obtained from carti¬ 
laginous tissue and has a much lower gelatinising 
power than gelatin in which it is almost in¬ 
variably present. When the proportion is high, 
the gelatin is of considerably less value, especially 
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for the preparation of photographic oinulHioiis, 
which recjuin* a maximum of tenacity. Chondriri 
is precipitated from a(|ueous solution by acetic 
acid and is not soluble in excess. Lead acetate, 
alum, and the sulphates of iron, aluminium and 
copper also precipitate chondrin. A rough test 
for dett'cting the presence of chondrin in photo- 
, graphic gelatin consists in adding a concen¬ 
trated solution of chrome alum to a 10% solu¬ 
tion of the gelatin in hot water. If an injurious 
amount of chondrin be present the gelatin will 
set wdiilst hot. Most photographic gelatins, 
however, contain but little chondrin. 

Isinglass.—This valuable product usually 
contains from 80 to 03% of gMatin. It is 
obtained by drying the swimming bladders of 
various fish, of which the sturgeon of the V^jlga 
yields the best quality, but Brazilian (sometimes 
known as Cayenne), Penang, Indian and Kud- 
son's Bay varit'ties are also on the market. It 
arrives in this country either as the unopened 
bladders, known as lump, pipe or })urse isinglass, 
or as the (uit and opened bladders, known as leaf 
and honeycomb isinglass. Long or short staple, 
book and ribbon isinglass are respectively 
tw isted, folded in })ackages and rolled out. The 
bladders of cod, hake and other fish are also 
em})loyed. 

In ymeparing Russian isiiiglass the bladders 
are first cleansed from blood in iiot w'ater, cut 
oyu'Ti, washed and exposed to the air with the 
delicate silvery inner rmunhrane turned u})w ards. 
This membrane is 8tripp(‘(l olf, kneaded in damf) 
cloths and drit'd. Before sobition ii\ w'att‘r the 
crude isinglass is moistened, cut into strips, 
rolled out into ribbons and dried. Wlum dry 
they are shredded by suitable machines. 

Although free from chondrin, isinglass is not 
available for photographic purposes on acctount 
of its great solubility and inferior tenacity. For 
clarifying wines, ciders and beers it is, however, 
much su|H*rior to gelatin, probably due to its fine, 
net-like structure. Convue Brazilian isingla.ss is 
usually emydoyed and is “ cut ” or dissolved in 
sulphurous or other acid before use. It is also 
used for jellies and in the preparation of plasters. 

Bibliography. —Lambert, “ Glue, Gelatine and 
Their Allied Products (London, 1905); Rideal, 
“Glue and Glue Testing"' (London, loli); 
Bogue, “ The Chemistry and Technology of 
Gelatin and Glue ” (New York, 1922); Depart¬ 
ment of Scientific and Industrial Research, 
“ First Report of the Adhesives Research Oom- 
niittee—Descriptive Bibliography of Gelatin ” 
(London, 1922); Procter, “The Principles of 
Leather Manufacture,” 2nd ed. (London, 1922); 
Loeb, “ Proteins and the Theory of Colloidal 
Behaviour ” (New' York, 1922); Alexander, 
“Glue and Gelatin” (New York, 1923); 
Sheppard, “ Gelatin in Photography ” (London, 
1923); Gerngross and Goei>el, “ Leim und 
Gelatin Kabrikation (Dresden, 1923); “ Kol- 
loidchemic der Eiw eisskorper, 2nd ed. (Dresden, 
1933); Jordan-Lloyd, “ Chemistry of the Pro¬ 
teins,” 2nd ed. (London, 1938); Simon, Kolloid- 
Z. 1938,84, 1(^1. 

D. B. 

GELATINE DYNAMITES {v. Vol. IV, 
241 c). 

'' GELIGNITE ” (v, Vol. IV, 242a). 


GELOSE, d-galactan, (€8141005)57. The 
characteristic polysac.(‘harido of agar-agar {q.v.). 
It is hydrolysed by acids to galactose. 

GELsEMIUM, alkaloids of. Qel- 

semine ( 1 ), CaoHogOgNg, a crystalline alkaloid, 
occurring in the rbizomo and roots of American 
wild jasmine, (khemiun sempervirenri Ait. (Fam. 
Loganiacoe), along wuth aempervirine (11), 
gelsemicine ( 111 ) and three ratlier ill-defined 
bases gelseminine, gelsemidine and gelsemoidine. 

Extraction (Chou, A. 1931, 871, 1172 or Chera. 
Zentr. 1931, II, 2342, 2891).— Roots of American 
G. aeinpcrinrvns are percolated with cold EtOH, 
the percolate concentrated in vacuum at low 
temperature, the syrupy residue being dissolved 
in dilute HCI ami filtered from tarry material. 
After standing for 2 weeks, a first crop of crystal¬ 
line hydrochloride has separated (fraction 1 ). 
This crop is then treated with hot HgO which 
leaves behind gelscmic acid (needles from CHCI3, 
m.p. 2()5‘\ wnth blue fluorescence in alkaliiu! 
solution, id('nti(‘al with scopolciiti). The aqueous 
solution is basified and yields Htrnpervinc (identi¬ 
cal with sempervirifU’, see later). The niother- 
licpior from the first crystal-frat'tion (see above) 
is also basilied and extracted with CHCI3. 
The CHClg-residue after several reerystai- 
lisations yields pure gelsemine ( 1 ). The alkalim*. 
mother-li(iuor from this fraction is neutralised 
with H Br in order to fre(^ it from the last trac^es 
of ( 1 ) (as insoluble hydrobromide) and the re¬ 
maining solution is evaf)orated, the residue 
dissolved in HgO again, basified and treated 
with CHCI3 when gelsemicine (111) is obtained. 
The mother-liquors of (HI) yitdd an amoiqdious 
alkaloid with amorphous salts, which may bt*. 
gelseminin(‘. For extraction gelseminine and 
gelsemoidine. see Sayre, Midi. Grugg. Rev. 1911, 
45, 439. or (diem. Zentr. 1911, 11, 1(550. The 
same author (d. Amer. Pharm. Assoc. 1915, 4, 
(50) has also extracted a base se.mpervirine which 
probably is identical with (dioids semper vino 
{cf. also Hasenfratz, Bull. Soe. chim. 1933, [iv], 
53, 1084). 

Gelsemin<‘ (1) was first isolated from the roots 
of (i. sempervirens by Moore (J.C. 8 . 1910, 97, 
2223; 1911, 99, 1231) where earlier literature 
can be found. The root w'as deleted from the 
B.P. in 1932, the alkaloid from the XJ. 8 .P, in 
192(5, so that there is no preparation of gelse- 
miiim in either Pharmacopreia. 

(ielsernine (I), flO® in CHCi 3 (Chou) or 
4 15-9° (same solvent, Moore) crystallises from 
acetone in prisms, m.p. 178“, which lose 1 mol. 
acetone at 120“. (1) is readily soluble in EtOH, 
EtgO, benzene, CHCI3 and slightly so in 
HgO. The Hydro bromide, chloride and nitrate 
are ery.stalline. The methiodide regenerates (1) 
when heated with 20% aqueous KOH -solution. 
When boiled with concentrated HCI, ( 1 ) takes 
up the elements of nvater, yielding apogc/- 
semine, imnpogelsemine and chloroisoApogel- 
semine. ( 1 ) contains a hjrdroxyl-group and 
forms with acetic anhydride a basic aceiyU 
gelsemine (m.p. liO 70“ from MeOH) or 1()6“ 
(dry)) (Moore). The colourless solution of (I) 
in concentrated H 2 SO 4 is changed to red, then 
violet and finally green by addition of a crystal 
of K 2 Cr 12 O 7 . 

Sempervirine (II), CigH^^Nj, optically id' 
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active, was observed by Moore, Stevenson and 
Sayre, and Chou, but a formula was first as¬ 
signed to it by llaHonfratz (Lc. and (bmj)t. rend. 
1933, 196, 1530). Kn)rn CHCI 3 it forms blood- 
red prismatic needles, in.p. 223’, from EtOH 
red ortho-rliombie crystals, m.p. 254' ; it is also 
readily soluble in pyridine, less so in acetone, and 
insoluble in EtgO, benzene and light ])etrolcijm ; 
in dilute solution in EtOH it shows an intense 
violet-blue fluorescence. The base is not very 
stable towards heating. The salts are crystalliiK* 
and mostly coloured, the nitrate is typitral, in¬ 
soluble in HgO. (II) dissolves in H 2 SO 4 with 
a bluish-violet fluorescence, 

Gelsemicine (IJl), La|;/ -140“ 

(in EtOH), crystallises from acetone* in broad 
orthorhombic prisms, m.p, 171", Tcadily soluble 
in EtOH, CHCI3, acetone, less so in Et^O and 
benzene, insoluble in H.^O, fl'he hydrochloride* 
and chloroplatinate are crystalline. (Ill) dis¬ 
solves in H 2 SO 4 to a colourless solution which 
slowly turns purjile. 

Hecently Chou and his collaborators have* in¬ 
vestigated Gelfiemium c.le.ijans Gardn. Hcnth., 
called Ta-Cha-Yeh and Kou-W'in in (Anna. 
Although tin; two plants an* said to be identical, 
the alkaloidal content showed some marked 
dilf(“r('nc(*s. A series of flv(' new alkaloids wa-re 
isolated besides (I), which occurs in both f)lants 
(A. 1932, 101; Chem. Zentr. 1930, 11, 1022 ; 
J. Amer. ('hem. Soc. 1938, 60, 1723). 

Alkaloids of Kou-Wen : 

(1) Koumine, C 20 H 22 ON 2 ’ 

EtOH) rhombic })risms from acetone, m.p. 
170", readily soluble in EtgO and s])a-ringly so 
in light f)etroleum. 'rhe base cannot be ai-cty- 
lated, the salts are crystalline. 

(2) Kouminine, amorphous, m.p. about 115", 
readily soluble in organic, solvents, less so in 
HgO ; the hydrochloride forms colourl(*ss prisms 
and is optit^ally inactive. 

( 3 ) Koumiuicine., amorphous, aj)])arentlv not 
yet obtained pure. 

(4) K Omni nidi ne., C 19 H 25 O 4 N 2 . m.p. 299". 
prisms from ac.'etone, slightly soluble in H.,0, 
the hydrochloride and hydrobromidc are crystal¬ 
line and water-soluble. 

Alkaloids of Ta-Cha-Yeh. —Koumine, kou- 
inininine and 

(5) Komiidme, C2iH24N20g, crystallises from 
90% EtOH in rhombs, m.p. 315", only slightly 
soluble in most organic solvents, readily soluble 
in HgO to an optically inactive, alkaline solu¬ 
tion. The hydrochloride is crystalline. 

Identification^ estimation and standardisation of 
gelsemium alkaloids. Cf. Neugebauer, Pharm.- 
Ztg. 1933, 78, 1077; Apoth.-Ztg. 1930, 45, 80; 
Pittenger, Amer. Chem. Abstr. 1924. 18, 1178; 
Eayro, Amer. J. Pharm. 1912, 84, 193, etc. 

(JonMitution. —There is nothing known about 
the constitution of any of the gelsemium alka¬ 
loids. 

Physiological Action, —Gelsemine is physio- 
logicaUy inactive to mammals (lethal dose 
180 mg. per kg. for rats intravenously),- but 
produces strychnine-like effects in frogs. The 
characteristic physiological aertion of gelsemium 
roots is due to gelsemicine (lethal dose 0*08 mg. 


per kg. for rabbits intravenously), to semper- 
virine (6 mg. })er kg. for rabbits) and to Chou’s 
amorphous base {scp. above; 0*7 mg. ])er kg. for 
rabbits). For further details, sec, Henry, “ Plant 
Alkaloids," 3rd cd., p. (>15. 

Ncbl, 

“ GELVA ** (v. \’ol. 1, 91)r, Old). 

GEMS, ARTIFICIAL. Almost all the 
mineral species that find an appliejition in 
jewellery hav(‘ been prepared synthetically in the 
laboratory. 4'lu*se artificial ]»rod«i(‘ts possess 
the same cht'micjil compositifm and physical 
charact<*rs as llic natural stones, from which 
they differ essentially only in their mode of 
origin. It is therefore necessary to distinguish 
between artifl(;ial (i.e. artificially produced) 
gems and imitation and (sounteifeit gems: the 
latter wull be treated separately in the article 
Gems, Imitation and Countekfeit. 

In nature, these extremely liard and in¬ 
tractable mint*rals have presumably been formed 
under conditions of high temperature and 
pre‘ 8 Kure during long periods of time. It was 
therefore not to be expe(;t(*d that crystals of any 
appre(*iab]c size could he produced in the 
laboratory. The high intrinsic vahu* of the 
])roduets has, how'('ver, offered an incentive to 
repeated t'xperirnents, especially by French 
<*hemists; and the production of corundum of 
g(‘m-(piality and of various colours has now 
been effected with a higli degree* of commercial 
success and in a most unexpected manner, 
('orundum and spinel, and more recently 
emc*rald in v(*ry limited (juantity, are the only 
gem-stones that have, uj) to tlie present, been 
prodiK'cd artiticially of a size and (jualiTV suit- 
al)I(* for jewc'llerv. 

Several claims have bc(*ii rmuJc of tlu^ artificial 
production of diamond (</.?’.). 33ie crystals 
obtained wc‘rc, how^ever, so small that they could 
not be siihmittc'd to really decisive t(‘sts, and 
their identity is doubtful. The test of hardimss 
was mainly relied upon ; ])ut various carbides 
are capabh* of scratching corundum, which is 
the n(*xt hardest mineral to diamond. 

Corundum was produced artificially first by 
M. A. Gaudin in 1837, and Fremy and Fiel in 
1877 succ^eeded in producing crystals of fair size 
and of a fine ruby-red colour (E. Fr 6 my, “ Syn¬ 
thase du Rubis,” 18f)l ; r. (’oritnoiim). I’Ik^ 
larg(‘st of these crystals weighed ^ carat (0*07 g.) 
and a few^ were faceted and mounted as gems , 
but owing to the extreme thinness of the smaJ. 
platy crystals, they were of no commercial value. 
About the year 1885 rubies of some size ap¬ 
peared mysteriously on the market, it is said 
from Geneva: whilst some of these were 
optically isotropic and softer then true ruby, 
being of the nature of alumina glass, others were 
crystalline and identical with natural ruby in 
their eharaeters. These were known as “ re- 
(‘onstrueted rubi(\s,” and had probably been 
produced by fusing together small natural 
stones. 

In 1902 A. V^erneuil (Frodiudion artificiclle 
du rubis par fusion, Compt. rend. 1902, 135, 
791 ; Ann. Chim. Phys. 1904, (viiij, 3, 20), who 
had pnwiously assisted Fremy in his experi¬ 
ments, deseribed a new and eminently successful 
method for the artifi(*ial production of rubies of 
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the finest gem-quality. His apparatus consists 
of an oxy-hydrogen blowpipe placed vertically, 
the inner oxygfm tube of which is enlarged at 
its upper (uid to contain a fine sieve holding the 
alumina powder used in th(5 pr<»eesK. The 
periodic; tapping on the sieve* of a small hammer, 
actuated by an elecdro-nmgnet nr a rotating 
earn, causes a small continuous feed of the 
alumina powder to fall down the oxygen tube. 
Beneath the nozzle of the blowpipe is a firci-clay 
support terminating in a small rod of fused 
alumina, the position of which can be adjusted 
by screw motions. The blowpipe nozzle and the 
support are enclosed in a box in order to avoid 
sudden changes in temperature. Hydrogen was 
used in the early experiments, but in the com¬ 
mercial process coal-gas is used. The flame, with 
a temperature of 1800-2000°, must be a reducing 
one with an excess of hydrogen or carbon. The j 



Verneull’s blowpipe for the artihcial production 
of ruby. 

fine particles of alumina ejected through the 
nozzle of the blowpipe fall on the alumina sup¬ 
port, and, fusing together, build up by accretion 
a pear-shaped mass, which continues to grow 
both in height and diameter as the support is 
gradually lowered. 

These pear-shaped masses (“ boulcs ”) of 
manufactured ruby (“ rubis scientifique,” “ rubis 
synth^tique ”) grow at the rate of about 12 
carats per hour, and they may attain a wmght 
of 260 carats (50 g.). One operator can attend to 
a whole battery of machines. The process is now 
worked on a commercial scale in France, Germany, 
Switzerland and Italy; and the output may 
amount to as much as a ton a day. The price of 
the uncut material is one or two pence per (;arat. 

The curious feature of these masses of fused 
alumina is that each one of them is a single in¬ 
dividual crystal, and not, as might have been 
expected, an aggregate of crystals or simply an 


alumina glass. Although the sides of the drop 
are usually smooth with a glassy aspect, the 
rounded end (the last-formed and upper portion 
in the apparatus) is rougheiK^d with a fine 
(Tystalline reticulation. Occasionally the drops 
show' a rough hexagonal outline (corresponding 
to the form of a crystal of corundum. The oy)tic 
axis usually coincides with the axis of the ptmr- 
shaped mass, and a section cut perpendicular to 
this exhibits in the polariscc^pe a typical uniaxial 
interference-figure. The sp.gr. (3*98-4*0), hard¬ 
ness, dichroism, refractive indi('eH, etc., of this 
artificial corundum are the same as for the 
natural mineral. The material further posse^sses 
the same transparency, clearness and rich 
colours as natural crystals of the best gem- 
quality. The only means (d’ distinguishing 
between the two is afforded by certain minute 
irregularities of internal structure. With a 
hand-lens or under the microscope, the artificial 
corundum often, though not invariably, shows 
minute rounded cavities and (*urvcd streaks; 
whilst in the natural stones the cavities are 
angular and the streaks are straight. 

When the material suppli(‘d to the Verneuil 
blowpipe consists of jnire alumina powder (pre- 
])dred by yaecipitation with ammonia from pure 
ammonium alum), the crystallised prodii(;t is 
perfectly colourl(*ss and clear (‘' wdiite sap¬ 
phire ”). Jn the early experiments, powdered 
natural ruby was used as the material. The 
best ruby-tint is given by the addition of 2J% 
of chromic oxide (homogeneously mixed wdth 
the alumina by precipitating the two together 
from a mixed solution of ammonium alum and 
chromium alum). Smaller proportions of chromic 
oxide produce a lighter shade of red or pink, and 
such artificial gems have been erroneously called 
“ scientific topaz.” The addition of nickel oxide 
])roducc8 a rich yellow colour. Cobalt oxide 
will not produce a blue colour wdth alumina 
alone, but a fine blue is obtained wdien some 
magnesia is present (L. Paris, Compt. rend. 
1908, 147, 9.33; A, Verneuil, ibUl 1059); but 
now the product, instead of being corundum, is 
the cubic and optically isotropic mineral spinel 
(IVIgAl 204 but often with an excess of AlgOg). 
Attempts to j)roduce a blue (corundum {i.e. 
sapphire) had repeatedly failed until it was 
obtained by A. Verneuil (Compt. rend. 1910, 
150, 185) by the addition of titanic oxide 
(TiOg, 0‘5%) and magnetic oxide of iron 
(Fe 304 , 1*5%). Analysis of this artifitnal sap¬ 
phire gave: AlgOg 99’83-99*85%, TiOg 0*11- 
0*13%, FegOg trace; sp.gr. 3-977-401 (A. J. 
Moses, Amer. ,1. Sci. 1910, 30, 271). A peculiar 
stone which has been sold as “ synthetical 
alexandrite,” exhibits, like the true alexandrite 
(a variety of chrysoberyl, BeAl 204 , q,v,) a green 
colour by daylight and a red colour by lamp¬ 
light ; this is in reality artificial corundum, and 
the change in colour nfay be attributed to the 
presence of colloidal chromic oxide (as suggested 
in the case of alexandrite by O. Hauser, Z. 
angew. Chem. 1910, 28, 1464). 

Besides l>eing faceted as gem-stones, this 
artificial corundum is extensively used for 
watch jewels and the pivot supports of electric 
meters and other instruments. For this purpose 
it is morfj uniform in character and more reliable 
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than the natural mineral (see Collected Re- carefully conducted, in order to avoid bubbles 
searches, National Physical Lab. 1931, 24, and streaks. Imitation diamonds (so-called 
No. 1). “ Parisian diamonds,” etc.) are cut from the 

Minute crystals of beryl were prepared by colourless paste. To prepare coloured pastes, 
P. Hautefcuille and A. Perrcy in 1888 and by the colourless paste is powdered, intimately 
H. Traube in 1894 ; and more recently hexagonal mixed with various mcLilUc oxides or other 
prisms up to 2 cm. long and of a good emerald- substances, and again fused. A blue colour is 
green colour have boon prepared by the I. G. obtained with cobalt oxide; green, with cupric 
Farbenind. A.-G. in Bitterfcld. This artificial oxide or chromic oxide; red, with cuprous 
emerald has been given the trade-name oxide, gold chloride or purple of Cassius; 
“ ig'wemW,” but it has been produced in only yellow, with silver chloride, antimony oxide or 
limited amounts. The process of manufacture red antimony, or (in leadless glasses) with coal 
has not been disclosed ; but as the crystals con- and a little manganese oxide; black, with tin 
tain minute liquid enclosures with bubbles, the oxide, manganese oxide and hammer-slag. An 
method is no doubt hydrothermal (M. Jaeger and opaque white glass, or enamel, is obtaintul by 
H. Espig, Dcut. Goldschrniede-Ztg. 1935, 38, the addition of tin oxide, calcium phosphate or 
347 ; H. Espig, Z. Krist. 1935, 92, 387). bone-ashes; this may be suitably coloured to 

References. —In addition to the papers by imitate opaque stones {e.g. turquoise) by the 
\'^crneuil and others quoted above, see J. Boyer, addition of metallic oxides. 

” La syutilise des pierres precieuses,” Paris, These glasses often afford very clever imita- 
1909; K. Brauns, t)ber kiinstliche Edelsteine, tions of the various precious stones, resembling 
Aus der Natur, 1908-9, 647; 1909, 61; 3. them so closely, indeed, that without examina- 

Escard, “ Ijea Pierres pr^cieuses,” Paris. 1914; tion they may be readily mistaken for the 
H. Michel, “ Die kUnstlichcn Edelsteine,” J^eip- genuine article. They are, however, all remark- 
zig, 1926. able for their low degree of hardness, less than 

On the artificial production of minerals in that of ordinary window-glass, and they can be 
general, see L. Bourgeois, “ Reproduction arti- readily scratched with a knife. In course of 
ficielle des mineraux,” Paris, 1884 (Encycl. chim. time they display a dark leaden tarnish on their 
de Fr6my); 1\ Tschirwinsky, “ Reproduction surface, and when worn in jewellery their edges 
artificielle do mineraux au XIX® si6cle,” Kieff, becomes rubbed and chipped. When examined 
1903-^; G. W Morey and E. Ingerson, Econ. with a magnifying-lens, bubbles and streaks are 
Geol. 1937, 32, 607; E. H. Kraus and C. B. often to bo seen in them. Optically they are 
Slawson, ” Gems and Gem Materials,” 3rd ed., isotropic; and lacking in dichroism. 

New York and London, 1939. To avoid the effects of abrasion in wear, and 

L. J. 8. also no doubt as a deception in case the test of 
GEMS, IM ITATI ON AND COUNTER- hardness is applied, these soft materials are 
F E I T. As pointed out in the preceding article, sometimes faced with a harder material such as 
it is necessary to distinguish between artificial rock-crystal or colourless topaz. In the doublety 
{i.e. artificially produced) gems and imitation the upper portion, above the girdle, consists of 
and counterfeit gems. Owing to their rarity and this harder, colourless material, while the lower 
high value, gem-stones have been imitated in portion, protected in the setting, consists of 
various kinds of material since very early times, coloured strass which imparts its fine colour and 
For instance, although a few of the ancient brilliancy to the whole. The triplet consists of 
Egyptian scarabs were cut in genuine turquoise, an upper and a lower portion of harder material, 
the great majority of them w'cre made of a blue with a layer of the coloured strass between, 
pottery or faience; and amongst the Romans, Such counterfeits can, of course, be readily 
coloured glass was used for the imitation of the detected when the unmounted gem is viewed 
various transparent coloured gem-stones. sideways, but when it is mounted in its setting 

The material most extensively used for the detection is not so easy. Doublets and triplets 
manufacture of imitation gems is a heavy lead are also built up of genuine stones, with the 
(flint) glass known as paste or strass. This is object of improving the colour, and of pro- 
prepared by fusing in a crucible a mixture of ducing a gem of larger size, 
powdered rock-crystal (SiOg, 38-59%), red lead Another kind of fraud sometimes practised 
(Pb304,28-53%), potassium carbonate (KjCOg, with precious stones is the substitution of less 
8_14%), together with a small proportion of valuable stones for more valuable. Unfortu- 
borax, white arsenic or saltpetre. Different nately, the nomenclature of gems, as adopted 
recipes vary widely, the amount of lead present by jow^ellcrs, offers an ojjening in this direc- 
depending on the refractive index of the gem to tion. Thus stones of a red colour are often 
be imitated. A dense flint-glass of sp.gr. 3-54 known collectively as ruby with some qualifying 
(t.e. about the same as diamond) has Wp—1-6118 prefix; e.g. “spinel-ruby” (= spinel), “Cape 
and dispersion wq'—«a'~ 0‘0316 ; and an extra- ruby ” (~ pyrope garnet), and “ Siberian ruby ” 
dense flint-glass of sp.gr. 6-0()4 has Wp~l-7784 (— tourmaline), the true ruby (“ Oriental ruby ” 
and dispersion 7i<}'--nA'=0-0668 (the corre- of jewellers) being, of course, corundum; or 
sponding values for diamond being 2-4173 and again, “ Oriental emerald ” (= corundum), 
0-0674 respectively). Optical values still higher “ Uralian emerald” (=demantoid garnet), 
are obtained by replacing the potassium by “ lithia-emerald ” (—spodumene) and “ Brazi- 
thallium; the sp.gr. of a thallium-lead glass Uan emerald” (~ tourmaline), the true emerald 
may be as high as 6-6. To obtain the best being beryl of a grass-green colour. In the same 
results in the manufacture of strass, the materials way, yellow quartz (“ Spanish topaz ” or “ Occi- 
©mployed must be quite pure; and the fusion dental topaz ”) is often mistaken for and sold as 
VOL. V.;-33 
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topaz. Other deceptive terms of a like nature 
are “ Marinoroseh diamonds,” “ Cornish dia¬ 
monds,” ” Bristol diamonds,” etc., for small 
sparlding crystals of quartz; and ” Matura 
diamonds ” (from Matura in Ceylon) for zircon 
of a brilliant lustre, which has been decolorised 
by the apidieation of In^at. The latter, as well as 
colourless corundum (“ white sapphire ”), have 
occasionally been passed oft' as diamonds. 

Other attempts have been made to produce 
gems of much the same chemical composition as 
the genuine stones. For example, green glass 
with the composition of emerald. Very success¬ 
ful imitations of turquoise have been obtained 
by submitting to pressure a precipitate having 
the same composition as the natural mineral. 

The artificial coloiu’ing of natural stones is 
also extensively practised. Almost all cut 
agates have been so treated (v. Agate). Chalce¬ 
dony can be so cleverly coloured a delicate 
green with salts of nickel or chromium, as to 
be practically indistinguishable from the more 
expensive chrysoprase. A pale-coloured jasper 
or homstone, quarried at Nunkirchen, near 
Merzig, in Rhine Province, is coloured artificially 
by soaking first in a solution of ferrous sulphate 
and afterwards in oik*, of ])ota88ium ferro- 
cyanide. Beads and other small ornaments of 
this material are cut at Oberstein and are 1 


sold in large quantities as “ lapis-lazuli,” 
“ Swiss lapis ” or “ German lapis.” It is readily 
distinguished from true lapis-lazuli by its greater 
hardnoss,^ and by the presence of small patches 
of crystalline quartz, which does not take this 
colour, and by the absence of specks of pyrite. 
The colour of many gem-stones can be changed 
by heating or by exposure to the emanations of 
radium. A trick of the meanest kind is to' 
smear violet ink or other bluish colouring 
matter on the surface of a yellowish (‘ ofiF- 
coloured ”) diamond, so giving it the appearance 
of a colourless gem. 

Keferences. —M. Bauer, “ Precious Stones,” 
English transl. by L. J. Spencer, 1904; M. Bauer, 
” Edelsteinkunde,” 3rd ed. by K. Schloss- 
machor, Leipzig, 1928-32; J. Escard, ” Les 
Pierres pr^cieuses,” Paris, 1914. 

J L S 

GEMSBOK BEANS. The seeds of Rau- 
hinia esetdenta, Birch. The plant is indigenous 
to South Africa and the seeds are said to be 
eaten both by natives and animals in the 
South-West Protectorate of the Union, ft'he 
reddish-brown beans are approximately J in. in 
diameter and 2 g. in weight. The hard outer 
husk comprises about half the total weight. 
Bray (Analyst, 1921, 46, 401) gives the following 
analysis: 


1 

Moisture. 

Crude 

proteins. 

Fat. 

Carbo¬ 

hydrates. 

j Fibre. 

Ash. 

Nutrient 

ratio. 

Food 

units. 

Husks alone . 

8-5 

2-5 

0-2 

67-2 

19-8 

1-8 

1:27-1 

74 

Kernels alone 

4-0 

32-8 

41-6 

17-2 

1-3 

3-1 

1:3-4 

203 

Whole beans. . 

6-2 

18-0 

21-3 

41-6 

10-4 

2-5 

1:6-0 

140 

_ 





_ 

_ 




The beans yield approximately 14% of a golden- 
yellow oil with an agreeable nutty odour and 
flavour, and showing the following character¬ 
istics, rijS 1-464, dll 0-9211, acid value 0-6, 
saponification value 190-0, iodine value 95*6, 
nnsaponifiable matter 0-8%. 

The residual cake after expression of oil has 
the composition, water 6-4, protein 52-2, fat 
7-0, carbohydrates 27-4, fibre 2-1, ash 4-9%. 

The seeds are free from alkaloids and cyano- 
phoric glucosides. 

A, G. Po. 

GENESERINE {v, Vol. II, 199d). 

GENESTROLE {v. Vol. IV, 189a). 

GENISTEIN {V. Vol. IV, 189a). 

GEN I ST I N (t;. Vol. IV, 189d). 

GEN KWA N IN . From the flowers of Daphne 
genkwa, Sieb. and Zucc., Nakao and Tseng (J. 
Pharm. Soc. Japan, 1932, 58, 83, 148; J. 
Shanghai Sci. Inst. 1933, 1, 1) isolated benzoic 
acid, sitosterol and the flavone derivatives 
apigenin and genkwanin. 

Apigenin, for which Nakao and Tseng give 
m.p. 362°, also occurs as the glucoside apiin 
iq.v.) in the leaves, stem and seeds of parsley, 
from which source it was isolated by Perkin 
(J.C.S. 1897, 71, 806) and shown to be 5:7:4'- 
trihydroxyflavone. 

Genkwanin, CigHigO^, yellow needles, m.p. 
286°, contains one methoxyl group and on 


methylation yields 5-hydroxy-7:4'-dimethoxy- 
flavone; it is thus an apigenin monomethyl 
ether, but is not identical with acacetin (6:7- 
dihydroxy - 4' - methoxyflavone). When fused 
with potassium hydroxide it gives phloroglucinol 
and p-hydroxybenzoic acid, whereas with 
50% potassium hydroxide solution, p-hydroxy- 
acetophenone and phloroglucinol monomethyl 
ether are produced. 

Genkwanin forms a dmcetyl derivative, colour¬ 
less needles, m.p. 196°, and a dibenzoyl compound, 
colourless needles, melting at 207-208°. 

Nakao and Tseng suggested, therefore, that 
genkwanin is 5:4'-dihydroxy-7-methoxyflavono 
(I), and this formula has been confirmed by 



I. 

synthesis (Tseng, J. Pharm. Soc. Japan, 1636, 
30). Phloracetophenone, when heated with 
p-benzyloxybenzoic anhydride and sodium p- 
benzyloxybenzoate, gives a product which on 
acetylation and subsequent hydrolysis furnishes 
6:7-dihydroxy-4'-benzyloxyflavone. This com¬ 
pound is converted by methylation into 6- 
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hydroxy-4'-benzyloxy - 7 - methoxyflavono from 
which genkwanin (1) is obtained by hydrolysis 
with alcoholic potassium hydroxide. 

Genkwanin has also been synthesised (Mahal 
and Venkataraman, J.C.S. 1936,569) by oxidising 
2 - hydroxy - 4' - benzyloxy - 416 - dimethoxy - 
chalkone (11) by means of selenium dioxide to 
the corresponding flavone; debenzylation with 



ir. 

hydrochloric acid in acetic acid gives genkwanin 
5-methyl ether which is converted into gen¬ 
kwanin by partial demethylation with aluminium 
chloride. 

E. J. C. 

GENTIAN. OeniiansR radix, British Pharma¬ 
copoeia ; Gentiana, United States Pharma¬ 
copoeia ; {Racine de Gentiane, ¥r.; Enzian- 
wurzely Gcr.). The dried root and rhizome of 
Gentiana lutea Linn, is widely used in medicine 
as a bitter tonic. The plant is a herbaceous 
perennial growing in the mountainous districts 
of Central and South-West Europe. The appear¬ 
ance and characteristic odour of the commercial 
drug are produced by fermentative changes 
which take place during drjdng. These changes 
modify the nature of the glycosides, on which 
the physiological action of the drug mainly 
depends. In the fresh state, gentian contains 
three glycosides, gentiopierm, gentiamarin and 
gentiin, the total glycosidal content amounting 
to about 2%. As a result of enzyme action most, 
if not all, of the gentiopicrin is destroyed during 
drying, and the action of the drug is therefore 
due to gentiin and gentiamarin. 

Gentiopicrin, Cj-HgoOg, is a crystalline 
lactone readily soluble in water. When an¬ 
hydrous, it melts at 19U, but also forms a 
hemihydrate, melting at 122°. It is laevorota- 
tory, the anhydrous substance having an optical 
activity of —204°. By the action of emulsin 
gentiopicrin is hydrolysed, forming dextrose 
and a crystalline, non-bitter substance, gentia- 
genin^ C,oH,0O4,m.p. 185°. A similar hydrolysis 
is brought about by acids, but the gentiagenin 
is attacked and an amorphous dehydration-pro¬ 
duct is finally formed. 

Gontidmsrin, or is 

an amorphous substance, very soluble in water 
and alcohol; it is not a lactone. On hydrolysis 
with acids, an amorphous brown substance is 
formed; with emulsin, dextrose and an amor¬ 
phous maroon-coloured substance (Tanret, Bull. 
Soo. chim. 1905, [iii], 88, 1071). 

Gentiin, C 2 isH 28 ^H’ probably the most im¬ 
portant of the glycoside-s of commercial gentian. 
It occurs as micro-crystalline yellowish needles, 
almost'insoluble in water, m.p. 274°, with decom¬ 
position. It dissolves in sulphuric acid to give 
a green-coloured solution. It hydrolyses slowly 
with 4% sulphuric acid, yielding dextrose, xylose 
and a crystalline substance, gentienin, Ci4Hio04. 
When heated gentienin begins to sublime at 196° 


and melts at 225°. It is isomeric with gentisin 
(v. infra), but difffu's in melting-point, and in its 
behaviour with nitric acid, with which it gives a 
yellow colour. 

The glycosides of gentian were first obtained 
by Kromayer (Arch. Pharm. 1862, 110, 27 who 
isolated about 0-14% of gentiopicrin from the 
fresh root. Tanret (Bull. Soc. chim. 1905, [iii], 
33, 1059), Bourquolot and Bridel (J. Pharm. 
Chim. 1910, [vii]), 1, 156) and Bourquelot and 
Herissey (Compt. rend. 1900, 131, 113) also 
gave methods for extracting and separating the 
glycosides. The following method may bo used : 
the fresh root is finely cut and extracted with 
boiling alcohol, which destroys enzymes and 
extracts the glycosides without decomposition. 
The residue from the alcoholic extract is ex¬ 
hausted by repeated extract ion with ethyl 
acetate saturated with water. The ethyl acetate 
extracts are evaporated to a syrup, which on 
standing deposits a (;rystalline mass. This is 
dissolved in alcohol. On cooling, crude gentio¬ 
picrin crystallises out, and is purified by recry- 
stalUsation either from a mixture of chloroform 
and 95% alcohol in equal parts, or from moist 
ethyl acetate solution. Gentiin may be obtained 
from the mother-liquors from which the purified 
gentiopicrin has been separated. The residue 
from these liquors is extracted with water, and 
the water-insoluble fraction dissolved in 60% 
alcohol. From this solution gentiin crystallises 
' on cooling. Gentiamarin may be obtained from 
the alcoholic mother-liquors from which the 
crude gentioi^icrin separates. The residue from 
these liquors is washed witli ether, then with 
chloroform, and the insoluble portion dissolved 
in water. Tannin is added in excess, the result¬ 
ing precipitate filtered off and rejected, and the 
filtrate saturated with magnesium sulphate. 
The precipitate, after washing with magnesium 
sulphate solution, is extracted with 80% alcohol, 
the alcoholic solution is purified by treatment 
with litharge, excess of lead removed by sul¬ 
phuric acid and the filtrate evaporated. Any 
gentiopicrin remaining in the mother-h’quors 
crystallises out on cooling, and is removed, 
leaving the gentiarmarin in solution, from which 
it may be obtained by evaporation. Other con¬ 
stituents of gentian are gentisin pectin, and 
the trisaccharide, genliamosc. 

Gentisin {q.v.). 

Pectin is present in gentian root in large pro¬ 
portion. Tliis yields mucic acid on oxidation 
by dilute nitric acid and arabinose on hydrolysis 
with dilute sulphuric acid (Bourquelot and 
Herissey, J. Pharm. Chim. 1897, [vi], 8, 49). 
Fermentable sugar is present in so large a pro¬ 
portion that it has led to the root being em¬ 
ployed in Switzerland and Bavaria in the 
manufacture of spirit. Investigations carried 
out by Bourquelot and his co-workers (Bour¬ 
quelot and Nardin, Compt. rend. 1898,126, 280; 
Bourquelot and H(5ri8sey, ihUL 1900, 181, 750; 
1902,135, 290) show that fresh gentian root con¬ 
tains gentiamse, a hexatrioac, C4gH320i4, which 
melts at 207-209°, and is dextro-rotatory. It 
does not reduce Barreswil’s (Fehling’s) solution, 
but, if boiled with dilute sulphuric acid or acted 
upon by invertase, it becomes laevorotatory, 
and acquires considerable reducing power. 
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having become hydrolysed into Ian uloso and a 
new hexabiose, gevtiobioacy which, by more 
\'igorou8 treatment, can be hydrolysed into 
2 mol. of glucose. For derivatives, see Hudson 
and Johnson, J. Amer. Chem. Soc. 1917, 39, 
1272. For the detection of gentian-bitter in 
beer, see Dragendorlf (Chem. Zentr. 1881, 285, 
299); Allen (Analyst, 1887, 12, 107; 1888, 
13, 43). 

Other species of gentian which are claimed to 
liave similar activity are G. purpureay G. punciata, 
G. pannonica, G. aaclepiadeay G. craciata. In 
ln(iia, Azadirach (Neem bark), the dried stem 
bark of Melia azadirachta Linn, is usually em¬ 
ployed as an equivalent of gentian. 

The constituents of gentian are stated to 
undergo seasonal variation (Bridel, J. Pharm. 
Chim. 1911, [vii], 3, 294). Gentiopicrin, 2% 
sh'ghtly increased in Juno and July ; gentianosc 
3-6%, maximum in September, in May and June 
it is replaced by gentiobiose. 

A. 13. r. 

GENTIANIN. an anthocyanin isolated from 
the petals of the common blue gentian {Gentiana 
acaulis). 3'ho pigment is extracted from the 
petals by means of methyl-alcoholic HCI, pre¬ 
cipitated as the lead salt and purified through the 
picrate. The chloridcy C30H27O14CI, dissolves 
in methyl alcohol containing a few drops of 
HCI with a bluish-red colour (rather bluer than 
delphinidin, q.v,), which becomes blue on adding 
either aqueous sodium carbonate or sodium 
hydroxide. Ferric chloride added to an aqueous 
solution of the chloride gives a blue colour, but in 
alcoholic solution the colour is violet-blue. 
Hydrolysis by means of cold 2iV-NaOH affords 
p-hydroxy-cinnamic acid (1 mol.), whilst 
hydrolysis with boiling 20% HCI gives dcl- 
phinidm (1 mol.) and glucose (1 mol.). 
Gentianin is th\is a p-hydroxycinnamoyl- 
delphinidin monoglucoside (Karrer and Widmer, 
Helv. Chim. Acta, 1927, 10, 67). 

W. B. 

GENTIANOSE (v. Vol. II, 301c). 
GENTIOBIOSE(v. Vol. II, 2996). 
GENTISICACID (this Vol. p. 63a). 

G ENT f SIN , the colouring matter of gentian 
root, was first isolated by Henry and Caventou 
(J. Pharm. Chim. 1821, 178), and was shown to 
possess the formula C14H10O6 Baumert 
(Annalen, 1847, 62, 106) who prepared it by ex¬ 
tracting the washed root with alcohol and con¬ 
centrating the extract. The residue was 
washed with water to remove the bitter principle, 
then with ether to extract plant wax, and the 
crude colouring matter repeatedly crystallised 
from alcohol (yield, about 4 g. from 10 kg. of 
the root). Gentisin crystallises in yellow needles 
which darken at about 200° and sublime with 
decomposition between 300° and 340°. It is 
sparingly soluble in alcohol and dissolves in 
alkaline solutions with a yellow colour. 

Hlasiwetz and Habermann {ibid. 1875, 175, 
63; 1876,180, 343) found that gentisin contains 
two hydroxyl groups, and when fused with 
potassium hydroxide yields phloroglucinol and 
gentisic acid (2:6-dihydroxybenzoic acid). 

Gentisein. When gentisin is digested with 
boiling hydriodic acid, it is converted into 
gentisein with evolution of 1 mol. of methyl 


iodide. Gentisein forms straw-yellow needles 
melting at 315° (von Kostanecki, Monatsh. 1891, 
12, 206. Shinoda, J.C.S. 1927, 1983, gives m.p. 
318° after darkening at 310°). It gives with 
sodium amalgam a blood-red coloration, whereas 
gentisin, by a similar method, yields a deep 
green liquid. With acetic anhydride, gentisein 
yields a triacetyl derivative, needles, m.p. 226° 
(von Kostanecki, kc.), and on methylation with 
methyl iodide, a dimethyl ethery yellow needles, 
m.p. 167°, is produced (von Kostanecki and 
Schmidt, Monatsh. 1891, 12, 318). 

von Kostanecki and Tambor {ibid. 1894,16, 1) 
synthesised gentisein by distilling a mixture of 
phloroglucinol and 2:5-dihydroxybenzoic acid 
wdth acetic anhydride, and thus proved it to be 
l:3:7-trihydroxyxanthone : 



OH 

COOH 


+ 



HO 




OH 


\ 8 /\ 

CO OH 


Partial methylation converts gentisein into 
gentisin, and it is thus certain that the latter 
is gentisein monomethyl ether. From the be¬ 
haviour of biabenzeneazogentisin, scarlet needles, 
m.p. 251-252°, which gives the diacetyl deriva¬ 
tive, orange-red needles, m.p. 218-220°, Perkin 
(J.C.S. 1898, 73, 672) concluded that gentisin 
possesses the constitution (1). As gentisin yields 



II. 


only a monomethyl ether with methyl iodide, 
the original methoxyl group cannot be in the 
1-position, i.e. adjacent to the carbonyl group. 
On the other hand, if gentisin is represented by 
formula (II), the azobenzene groups would 
enter the positions 4 and 2, and from such a 
compound an acetyl derivative cannot be ob¬ 
tained (c/. bisbenzeneazophloroglucinol). Again, 
Shinoda (Z.c.) synthesised I:3-dihydroxy-7- 
methoxyxanthone (II) and found it to be quite 
different from gentisin, thus confirming Perkin’s 
view that gentisin is l;7-dihydroxy-3-methoxy- 
xanthone (I). 

Nakaoki (J. Pharm. Soc. Japan, 1927, No. 640, 
27) states that gentisin is present in the Japanese 
drug ** To-Yaku ” (from Stveriia japonica 
Makino), but since the melting-point is given as 
267°, this is doubtful. 
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Gentisin is a feeble dyestufF and gives on wool 
mordanted with chromium, aluminium and tin, 
pale green-yellow, pale bright yellow and very 
j)ale cream-colonreel shades, respectively (IVrkin 
and Hummel, J.C.8. 189(>, 69, 1290). 

A. G. P. and E. J. (;. 

GEOCORONIUM (/;. Vol. 1, 539a). 

GEODIN (?;. this Vol. p. 586). 

GEOFFROYINE. The name originally 
applied to the alkaloid surinamlne (rhatanine), 
extracted from GeofiVoya bark. Jt is identical 
with N-methyl-Z-tyrosine (Eischer find Lip- 
schitz, Her. 1915, 48, 300). 

GEOSOTE(t;. Vol. IV, 286). 

GERANIAL {v. Vol. Ill, 183c). 

GERANIOL. The unsaturated primary 
alcohol, geranioly CjoH^gO, b.p. 229-230''/757 
rrirn., 0-883, 1-4703, occurs widely distri¬ 

buted in nature both in the free state and in com¬ 
bination. It forms the principal constituent of 
l^almarosa oil (from Cymbopogon martini 8tapf 
var. moiia). This oil is known also as Turkish 
geranium oil and Rosha or Rosa grass oil. 
Geraniol, is readily purified through the com¬ 
pound which it forms with calcium chloride 
(tlacobsen, Annalen, 1871, 157, 234) and it can 
be chara( terised by its diphenylurethanSy m.p. 
82'^ (Erdmann and Iluth, d. pr. Chem. 1890, 
fii], 53, 45; 1897, [ii], 56, 28). 

Geraniol has been shown to bo a mixture of 
the two alcohols represented by (I) and (11), 
the composition of the mixture varying with the 
source and previous treatment of the oil; the 
?’c«opropylidene form (II) is the main constituent 
of the natural alcohol (Grignard and Escourrou, 
Bull. 8oc. chim. 1925, [iv], 87, 642, 540; 
Grignard and Boeuvre, ibid. 1927, [iv], 41, 999 ; 
Escourrou, ibid. 1928, [iv], 43, 1091, 1211; 
Boeuvre, Parfums dc France, 1934, 12, 197). 

H2C:CMe-CH2CH2-CH2-CMe 

hH CHj OH 

I. 

MeX:CHCH„CH,CMe 

II 

HCCHjOH 

II. 

H,C:CMeCH.CH,CH,CMe 

II 

HCCOjH 

in. 

MejC-.CHCHjCHjs'CMe 

hHjCOjH 

On oxidation with chromic acid geraniol yields 
the aldehyde, citral a, (Vol. Ill, 183c) to¬ 
gether with the related acid, geranic acid (III). 
Since geraniol can be prepared by the reduction 
of citral a this comprises a complete synthesis 
of the alcohol. On oxidation with potassium 
permanganate geraniol gives as the main pro¬ 
ducts acetone, formic and levulinic acids {inter, 
al.y K5tz and Steche, J. pr. Chem. 1924, [ii], 107, 
193). The products formed on catalytic hydro¬ 


genation depend upon the conditions used. It is 
possible to limit the reduction to one etliylenic 
linkage with the formation of citronellol (Paal, 
G.P. 298193; Grignard and EHconrrou, /.r. ; 
Grignard and Boeuvre, l.r.; Escourrou, l.r.). 
Further hydrogenafion gives a mixture of tlm 
saturated alcohol, telrahydrogeraniol (2:fi-di- 
inethyloctanc-8-ol) and the. related hydrocarbon, 
2:6-dimethyloctane (Willstatter and Maver, 
Ber. 1908, 41, 1475). 

Geraniol is stereoisomeric with nerol {see beloir) 
and it has the cis-configuration as represented in 
(1) and (II). By the action of dilute sulphuric 
acid it yields terpin hydrate, a-terpineol lading 
an intermediate product, whilst with dilute 
phosphoric acid dipentene is obtained (Tie- 
mann and Semmler, ibid. 1895, 28, 2173 ; Bert¬ 
ram and Gildemeister, J. pr. Chem. 1894, [ii), 
49, 194; Zcitschel, Ber. 1906, 37, 1780; Haar- 
mann and Rcimer, G.P. 138141). With formic 
acid a mixture of dipentene and terpinene is 
formed (Bertram and Gildemeister, J. pr. Chem. 
1894, [ii], 49, 194; 1896, [ii], 58, 236). If 

geranyl acetate is treated with dehydrating 
agents (concentrated sulphuric or phosphori<f 
acid) cyclisation oc^curs with the formation of 
acetyl cycZogeraniols (Haarmann and Reimer, 
G.P. 138141). The cyclic alcohol, obtained by 
the hydrolysis of the acetyl derivative, is a 
mixture of the a- and ^-fornis (TV) and (V), 
b.p. 95-100712 mm., d2<> 0-935-0-955, 1-48. 

With sulphuric acid as the dehydrating ag(‘nt 
the ^-form predominates whilst with }>hosphoric 

CMe2 

i I 

//CMe 

CH 

IV. 

CMeg 

HoC C-CHoOH 

‘I II “ 

/CMe 

CHg 

V. 

acid the reverse is the case. The composition of 
the mixture is best determined by oxidation to 
the aldehydes, a- and ^-ryclocitr&h and finally 
to the related cycZogcranic acids. Pure ^-cydo- 
geraniol does not appear to have been prepared, 
but Bouvcault (Bull. Soc, chim. 1910, [iv], 7, 
354) has described the pure a-form and has 
characterised it by its phenylurethaney m.p. 75''. 

When geraniol is heated under pressure at 
200® it is partly isomerised to the tertiary alcohol, 
linalool (Schimmel's Report, 1898, 25) and the 
same isomerisation occurs when geranyl hydro¬ 
gen phthalate is subjected to distillation in 
steam (Stephan, J. pr. Chem. 1899, [ii], 60, 262). 
If heated with concentrated alcoholic potassium 
hydroxide at 160® geraniol yields mothylheptenol 
(VII), the primary product of the reaction, 
methylheptonone (VI), undergoing reduction 
(Barbier, Compt. rend. 1898, 126, 1423; Tie- 
mann, Ber. 1898, 81, 2091). Bike geraniol the 
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ketone and alcohol are mixtures of the iso- 
prot>enyl and Mopropylidene forms : 

(1) HjjC:CMeCH2CH2 CH2 C01Vle 

H2C:CMeCHtcH2CH2CHMe'OH 

Yil. 

(11) -> MegCrCH CHg CHa-COMe 

Me^C-.CMCHgCHaCHMeOH 

(drignard and Doouvre, lx.). 

Stereoisomoric with geraniol is the alcohol, 
Jierol, the aw- modification, which is a mixture 
of (VJll) and (IX). This alcoliol occurs in 

H2C:CMeCH2CH2CH2CMe 

HOHgC Ih 

VIII. 

Me2C:CHCH2CH2CMe 

IX. 

neroli, petitgrain, bergamot and a number of 
other essential oils. Nerol was first isolated by 
Hesse and Zcitschel (J. pr. Chem. 1902, [iij, 66, 
502), but the pure alcohol was first prepared by 
von Soden and Treff (Ber. 1904, 87, 1094; 1906, 
39, 906) by the hydrolysis of its crystalline 
diphenylureihane^ m.p. 52-53°. The alcohol 
has b.p. 225-226°, 0-8813, and yields a 

crystalline tetrabromide, m.p. 116-118° On 
oxidation nerol gives citral b from which it can 
be prepared by reduction; it is more readily 
eyclised than geraniol but otherwise it has 
properties identical with those of this alcohol. 

J. L. S. 

GERAN lOL (use in perfumes). This body, 
so largely erai)loyed in perfumery, is usually 
classed with synthetic perfumes, although the 
commercial article is invariably a natural isolate. 
It was first separated from Palmarosa oil 
{Cymbopogon martini var. niotia) by Jacobsen 
(Annalen, 1871, 157, 234), and has also been 
found in numerous other essential oils, notably 
in geranium, rose and citronella oils. As a com¬ 
mercial article geraniol occurs in various 
cpialities which are of very different perfiiine 


and money values. The difference depends not 
on the absolute amount of true geraniol, but 
on the traces of impurities, which vary with the 
particular source from which the oil has been 
isolated. 

The alcohol nerol, which occurs in the essential 
oils of neroli, petitgrain, bergamot and others, 
is isomeric with geraniol, it has a finer odour than 
geraniol and is more highly prized in the perfume 
industry. 

Geraniol and its esters are used to a very con¬ 
siderable extent in the manufacture of artificial 
Otto of Bose, and in many perfumes where a rose 
note is required either as predominant in the 
perfume, or as a subsidiary modifier. I'he 
principal esters are the following : 


Ester. 

B. esters. 

Sp.gr. 

atl5'5“. 

Kef. 
index 
at 20". 

Geranyl formate 

113°/15mm. 

0-924 

1*4646 

Geranyl acetate 

244° 

0*914 

1*4625 

Geranyl propionate 

— 

0*905 

1 1*4600 

Geranyl butyrate 

— 

0*902 

1*4585 

Geranyl valerate 

— 

0*892 

1*4540 


The above figures are necessarily approximate, 
as commercial samples vary slightly from the 
pure esters, which are not manufactured on a 
practical scale. 

Geranyl Methyl Ether, CioHi 7 0Me, is 
a colourless oil prepared artificially, having a 
fruity odour recalling that of bergamot. It has 
sp.gr. 0'88()-0-890 at 15*6°; is optically inactive, 
and boils at 208-212°. 

E. J. P. 

GERANiOLENE. The hydrocarbon, ger- 
aniolene, CpH^g, b.p. 142-143°, d*® 0151, 
1*4368, was prepared originally by Tiemann aukI 
Semmler (Ber. 1893, 26, 2724) by the distillation 
of goranic acid (I). It was subsequently pre¬ 
pared {a) from hydroxydihydrogeranic acid (II) 
(Tiemann, ibid, 1900, 88, 365); (b) by the de¬ 
hydration of the alcohol (III) obtain^ by the 
action of methyl magnesium iodide on methyl- 
heptenone (Grignard, Th^se de Doctoral, 1901, 
81); (c) by the elimination of hydrogen bromide 
from 2;6 - dibromo - 2:6 - dimethylheptane (IV) 
(Harries and Weil, Ber. 1904, 87, 846). 


(I) MejCcCH-CHgCHa-CMeiCH-COjH- 

(II) Me2C:CH*CH2CHa*CMe(0H)-CHaC02Hs^ 

(HI) MeaC:CH:CH2*CH2 CMe2(OH)_ 

(IV) MeaCBr CHa-CHg CHa CMegBr_/ 


Me2C;CH CH2 CH2 CMe:CH2 (Va). 
MeaC:CH CH2*CH;CMe2 (V6). 
HaC:CMe*CHa CHa CHa*CMe:CHa (Vc). 
HaC:CMe*CHa CHj CH:CMea (Vd). 


The hydrocarbon prepared by these various 
methods is not homogeneous (Auwers and 
Eisenlohr, J. pr. Chem. 1910, [ii], 82, 76; 
Auwers and Moosbrtigger, Annalen, 1912, 887, 
183), but is a mixture of the isomerides (Va), 
(V6), (Vc) and (Vd), fhe actual percentage of 
each isomer present being dependent upon the 
method of preparation used. On treatment 


with sulphuric acid geraniolene yields cyclo- 
geranidene, b.p. 138-139°, d*® 0*8072, nj> 1*44731 
(Tiemann and Semmler, Ber. 1893, 2724). 

The investigations of Tiemann {ibid, 1900, 88, 
3711), Wallach and Franke (Annalen, 1902, 
824, 114), Harries and Weil (Ber. 1904, 87, 848), 
Crossly and Gilling (J.C.S. 1910, W, 2218) and 
of Escourrou (Bull. Soc. chim. 1926, [iv], 89, 



GERMANITE. 


519 


1460; 1928, [iv], 43, 1277) have shown cyclo- 
geraniolene to be a mixture of the a-, and y- 
forms (VI), (VII) and (VIII). The a-form has 
been characterised by a crystalline nitroaatey 
m.p. 102-104°, and a nitroaochloridef m.p. 100- 
120 °. 


MeX 



^^CMe 

CH 

VI. 


MejC 

1 II 

^CMe 

CH^ 

VII. 


Mo r 



I 


CH 2 

VIII. 


CH 2 

i:CH2 


.1. L. S. 


GERANIUM (artificial). For cheap per¬ 
fumery, wliero a very delicate odour is not 
required, there are two synthetic products which 
satisfactorily reproduce the odour of geranium. 
These are diphenyl oxide, PhgO, white crystals, 
m.p. 28°, and diphenyl methane, PhgCHg, 
colourless crystals, m.p. 26°, b.p. 260-261°, and 
1 * 000 . 

E. J. P. 

GERANIUM, ESSENTIAL OIL OF 

(Oil of Rose-Geranium). This oil is obtained by 
distillation from the leaves of various species of 
Pelargonium (Fam. Geraniaceas) of which more 
than 160 species are known. These plants are 
natives of the dry rocky slopes of South Africa, 
but they are cultivate in Southern Europe, 
Northern Africa, Reunion and in other parts of 
the world. The odours of the various species 
differ considerably, but the majority have a 
strong rose odour on which the value of the oil 
depends. Three types of oil are found in com¬ 
merce, French, Algerian and Bourbon, the 
market value of which depends largely on the 
crops although the French oil usually demands 
the highest price. Spanish oil of good quality 
is sometimes marketed. 

ConatituerUs .—The main constituents are 
geraniol and citronellol and their acetic, iso- 
butyric, isovaleric and tiglic esters. Other con¬ 
stituents are a-terpineol, benzylcarbinol, men¬ 
thol, menthone, linalool, phellandrene and traces 
of dimethyl sulphide. The mixed alcohols are 
known as rhodinol or riuniol. 


Characters. 

8p.gr. 
at 15*5“. 

Optical 

rotation 

[af^. 

Refractive 

index, 

„80 

Wd* 

Esters 

calculated 

as 

geranyl 
tlglatc, 
per cent. 

French . 

0-896- 

-6*’to 

1-465- 

141-28 


0*905 

-10°| 

1*468 


Algerian . 

0*892- 

-6“ to 

1*465~ 

14-30 


0*904 

—•12° 

1*470 


Bourbon . 

0*888- 

-6° to" 

1*461- , 

21-33 


0*896 

-10° 

1-400 1 



All these oils are soluble in 3 vol. of 70% alcohol. 


I The proportion of citronellol is variable and 
attempts have been made to value the oil on 
the basis of tliis constituent. Various methods 
have been suggested and the formylation method 
proposed by Glichitch (Oompt. rend. 1923, 177, 
268) has been found the most satisfactory. 

C. T. B. 

GERANIUM OIL, TURKISH OR 

INDIAN. A synonym for Palmarosa oil. 

German Alloy *' (v, Vol. I, 253a). 

GERMAN SESAMINE OIL (v, Vol. II, 
237a). 

GERMAN SILVER. An alloy of nickel 
with copper and zinc which is not readily cor¬ 
roded and may be worked in a variety of ways. 
Such alloys contain usually .5.5-60% of copper, 
20-30% of zinc, and 16-20% of nickel, but 
lower grades may contain only 5-7% of the last 
metal. 

GERMANITE. One of the very few 
minerals containing germanium as an essential 
constituent, and noteworthy also in containing 
an appreciable amount of gallium. It has been 
found only in one part of the Tsumeb mine in 
South-West Africa, but there in some quantity, 
being first noticed by H. Schneiderhohn in 1916, 
and described and named by O. Pufahl in 1922. 
It occurs in the massive sulphide ore intimately 
intermixed with tennantite, enargite, pyrite, 
chalcosine, lornite, galena, and zinc-blende. 
Locally it has been knowm as “ rose ore ” 
because of its reddish-violet colour, which 
tarnishes on exposure to air. It has a dull 
metallic lustre, and gives a black streak. There 
is no cleavage; hardness 2|-3; sp.gr. 4*29. 
Polished sections in reflected polarised light 
show the mineral to be very fine grained and 
optically isotropic, and much veined with other 
minerals. X-ray powder photographs show it 
to bo cubic with the same type of structure as 
zinc-blende and tetrahedrite. The unit cell of 
edge 5*290 a is assumed to contain 1 mol. of 
Cu 3 (Fe,Ge)S 4 and the calculated density is 
4*30. Owing to the intimate association with 
other minerals the few analyses of gerraanitc 
show some variation, and the formula is un¬ 
certain. E. Thomson (1924) provisionally sug¬ 
gests 16Cu2S*4GeS2'As2S3, and H. Moritz 
(quoted by Schneiderhohn and Raradohr, 1931), 
from an analysis made on material l>ored out 
under the microscope from polished sections, 
gives 

2Cu2S(Zn,Fe,Ga)S(Ge,As)2S3. 


Analyses of Germanite. 


S. 

I. 31*34 

II. 30*53 

III. 30*66 
IV. 30*96 

V. 31*44 
VI. 31*27 


Cu. Fe. 
46*40 7*22 

43*80 6*27 

45*39 4*56 

44*01 6*08 

39*44 10*70 
42*12 7*80 


Ge. As. 
6*20 6*03 
8*71 4*12 
8*70 4*13 
6*10 6*83 
7*04 4*86 
10*19 1*37 


Zn. Pb. 
2*61 0*69 
2*69 1*74 
2*.58 0*66 
2*74 2*26 
3*56 0*26 
3*93 0*96 


1. O. Pufahl, Metall 11 . Erz, 1922, 19, 324; 

also SiOg 0*75, total 99*24. 

II. F. W. Kriesel, ibid. 1923, 20, 267; also 
Ga 0*74, Mo 0*03, Au,Ag 0*006, SiOa 
0*20, total 98*836 
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111. E. W. Kriesol, Chem.-Ztg. 1924, 48, 9C1; 1 GERMANIUM (At. Wt. 72-6; At. No. 32). 


also Ga 0-70, Mo 1-282, WO 3 0*184, TiO* 
0*004, Mn 0*02, Ni 0 001 , do 0*013, Cd 
0*071, CaO 0*122, MgO 0*065, Ag,Au 
0*005, C 0*136, SiOj 0*226, total 99*649. 
IV. J. Lunt, South African J. Sci. 1923, 20, 157 
(anal. J. S. Thomas); also Ga 0*67, W 
0*03, Mo,Au traces, SiOg 1*84, total 
99-42. 

E. Thomson, Univ. Toronto Studies, Geol. 
Scr. 1924, No. 17, p. 62 (anal. E. W. 
Todd); also SiOg 1*68, total 98*98. 

VT. H. Moritz, Neues Jahrb. Min. A, 1933, 67, 
118 ; also Ga 1*85, total 99*49 ; formula 
Cu 8 (Zn,Fe,Ga) 2 *(Ga,As) 2 Sii_i 2 . 

Other references to germanite are : 

J. 8 . Thomas and W. Pugh. J.C.S. 1924, 125, 
816. Here the hardness is given as 4, and 
6 p.gr. 4*59. 

W. E. de Jong, Z. Krist. 1930, 73, 176. X-ray 
examination. 

H. Schneiderhohn and P. Ramdohr, Lehrb. d. 

Erzmikroskopie, Berlin, 1931, 2, p. 441. 

R. Berg and W. Keil, Z. anorg. Chem. 1932, 209, 
383. Analysis gave Ge 6 * 8 , Ga 0*74%. 

E. Sebba and W. Pugh. J.C.S. 1937, 1371. 
Analysis and extraction by a new method gave 
higher gallium, Ga 1*25%, with GeOg 7*9%. 

In addition to argyrodite (q.v.) in which the 
element germanium was discovered by 0 . 
Winkler in 1886, the only other mineral con¬ 
taining germanium as an essential constituent 
is one described under the name ultrahaaite^ by 
V. Rosick;^ and J. Stdrba-Bohn (Rozpravy 
Ceskd Akad. Cl. 2 . 1916, 25, No. 45; Z. Kryst. 
Min. 1920, 55, 430). This was detected on two 
small specimens from an old collection of 
minerals, which were labelled as coming from the 
Himraelsfurst mine at Freiberg, Saxony, the 
same mine that yielded the original argyrodite. 
The crystals are orthorhombic with a tetragonal 
habit; streak black, fracture conchoidal, hard¬ 
ness 5, sp.gr. 6-026. Analysis, S 16-15, Sb 4*60, 
Ag 22*35, Pb 64*16, Cu 0*47, Fe 0*25, Ge 2 * 20 , 
total 100-18, gives the ultrabasic formula 

^^ 4 ^ 822 ^^ 28 ® ®3®63 

Germanium has been detected spectro¬ 
scopically in various minerals. In the tin 
minerals, cassiterite (Ge 0 006%), stannite, 
cylindrite, and franckeite. In zinc minerals, 
blende,^ smithsonite (GeO^ 0-01%), and in the 
evaporated residue of mine water from Kentucky 
(GeOo 0*29%). In copper minerals, enargite 
from Mexico (Ge 0 * 01 %), native copper from 
Arizona (Ge 0*001%). In brookite from 
Moravia, and in fergusonite from Japan. In 
various silicates, topaz from Manitoba (GeO. 
0 * 001 %), lepidolite, tourmaline, spodumene, and 
felspars. In gem white sapphire from Ceylon, j 
In meteoric irons (Ge 0*01-4)1%) and meteoric 
stones. 

L. J. S. 

' A spectroscopic estimation of G« 2-4% in zinc- 
blende from near Aberysthwyth, Wales (W. Scutt, 
Phil. Mag. 1926 [vil] 1, 1007), surely requires confirma¬ 
tion ; and of Ge 1-3% in pyragyrito from Colquechaca, 
Bolivia (J. Papish, Econ. Geol. 1928, 23, 660) is no 
doubt due to the presence of associated argyrodite. 


This element, the eka-silicon of Mendeloef, was 
discovered by Winkler^ in 1886 in argyrodite 
(y.v.), a silver germanium sulphide, 

G®S2»4AgjS, 

found in Freiberg in Saxony. It is also found 
in canfieldite, AggSnSg, a stanniferous argy¬ 
rodite, and, to the extent of about 1%, in certain 
other Bolivian thiostannates such as cylindrite 
{q.v.) franckeite {q.v.) and wolfsbergite. It is also 
a constituent of germanite {q.v.) (“ pink-eyo ”) a 
dark reddish-grey mineral found in 8outh- 
West Africa and which is mainl}^ a copper-arsenic 
glance containing 4-10% of germanium. Zinc 
blendes, especially those of North America, often 
contain this element which is widely distributed 
in nature, traces being found in almost all 
magmatic rocks and minerals as well as meteo¬ 
rites. Like certain other metals it is con¬ 
centrated to some extent in coal and is therefore 
found in coal ash and flue dusts which may con¬ 
tain up to 1*5% of germanium.'^^' 

Extraction of the metal is usually accom¬ 
plished in one of the following ways : 

(а) By suitable decomposition of the mineral, 
preceded in some cases by roasting to remove 
part of the arsenic and sulphur, followed by 
heating with hydrochloric acid whereby the 
volatile tetrachloride is distilled and collected. 
If arscmic is present distillation is performed 
in a current of chlorine which maintains this 
element in its less volatile quincjuevalent state. 
The germanium tetrachloride is conv^erted to 
the dioxide either through the sulphide or by 
hydrolysis, the product being reduced with 
hydrogen at 900®. The resulting metallic 
powder may be rendered massive by fusing 
under sodium chloride or, alternatively, the oxide 
may be reduced with charcoal under sodium 
chloride or with potassium cyanide.'^* 

I 21, S3, 42, 52, 62, 64 

(б) By heating the material at 900-1,000® with 
sulphur or with hydrogen sulphide in a reducing 
atmosphere when germanous sulphide sublimes 
and is collected and roasted to the dioxide 
(B.P. 378017). From germanite GeS may be 
obtained by the action of ammonia alone. 

Physical Propebtiks. —The compact metal 
is greyish-white, brittle and highly lustrous; 
fused under salt it possesses a fine crystalline 
structure, the surface consisting of aggregates 
of elongated crystals. The lattice is of the 
diamond type and there is no indication of 
allotropic transformations between 20° and 
l,100°K.i»'i‘^« It melts at 968-6°; pub¬ 
lished values for the boiling-point lie between 
1,900° and 2,700°. Germanium displaces silver 
from silver nitrate solutions while it may. be 
deposited electrolytically on copper from alkaline 
solutions or, together with tin, from alkaline 
oxalate solutions.i4o Aston assigns 8 
isotopes to germanium (’®Ge to ’^Ge) but 
Bain bridge states that the 71, 76 and 77 lines 
are due mainly, if not entirely, to hydrides of 
’**Ge, ’^Ge and ’®Ge. Other physical proper¬ 
ties are *. 

Bensity.i®. 80 6-36; rf?® 5-302. 

Uarduess,'® 6-25 on Mohs’ scale. 
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Compre88il)ility,2® 

K X 107=~ ^(13-78-()*8x 10-^) 

at 80° for pressures (p) up to 12,000 kg, per sq. 
cm. 

Critical constants,® T^=4,170^; atrn. 

Specific (atomic) heats,*’*• mean values, 

0-100°-00737(r)‘33), 0-21 r-0-773(5r)9), 0- 

300°- 0*0768(5-65), 0-440°=--0-07r)7(r)-47). 

Parachor,®* [P]- 37‘4. 

Magnetic susceptibility,® 

;^(30°)--0‘118x10-«. 

Specific resistance,^^ r^O-OSO ohm. per cm. at 
0 °. 

Spectrum.'**^'The most intense lines 
are as follows: 

Arc: 2,417-37, 2,592-54, 2,651-19, 2,651-57, 
3,039-07, 3,269-51, 4,226-60. 

Spark: 2,592-65, 2,651-29, 2,651-69, 2,709-69, 
2,754-68, 3,039-20, 4,179-20, 4,226-76, 

4,686-09. 

For spectral series, see. Rao and Narayan,®® 
Rao,®® Lang,®® Gartlein ®® and Smith.^’ 

Chemical Properties. —Belonging to the 
fourth group of the Periodic Table germanium 
comes between silicon and tin; it resembh's the 
latter in forming two series of compounds in 
which it is respectively hi- and quadri-valent 
while its relationship to silicon is seen in the 
hydrides and halides, in the formation of glasses 
resembling fused quartz and the crown and flint ] 
glasses and in the high melting and boiling- 
points of the metal. Germanium is a com¬ 
paratively stable clement unaffected by moist 
or dry air up to 600° although above this tem¬ 
perature oxidation begins, it is not attacked 
by hydrogen up to 1,000°, and, in the massive 
form, is not affected by halogens at room tem¬ 
peratures ; the finely divided metal burns in 
chlorine and bromine, Hydiogen peroxide 
slowly oxidises it, the reaction being fairly rapid 
at 90°. Germanium is only slowly acted upon 
by mineral acids, hot or cold, although aqua 
regia readily dissolves it. Heated in hydrogen 
chloride it forms germanochloroform. Sulphur 
vapour attacks heated germanium yielding the 
monosulphide, but hydrogen sulphide has little 
effect below its dissociation temperature; with 
sulphur dioxide above 500° there is produced a 
mixture of dioxide and disulphide. The metal 
readily dissolves in fused alkalis, alkali per¬ 
oxides, nitrates or carbonates. 

For the analytical chemistry of germanium, 
see Chemical ANALy.sis, II, 555a, 571a, 595c. 

Alloys of Germanium. 

These have received comparatively little study 
and the number of interraetallic <;ompounds 
formed is small. 

Hodium. —By heating equiatomic proportions 
of the elements at 1,000° in the absence of air 
there is formed a hard pyrophoric ina.ss of 
sodium yerrnavide, NaGe, which is decomposed 
by moist air.’* 

Copper. —The germanium-copper system shows 
several series of mixed crystals and also a com- 
pound, CUgGe; which forms a eutectic with 
germanium at 650° and 35 atomic per cent. Ge. 


The alloys vary in colour with increasing 
germanium content from golden-yellow to 
greyish-white and they are harder but more 
brittle than copper. Aqua regia attacks all the 
alloys and nitric acid those containing more 
than 75% Cu ; they are untouched by hydro¬ 
chloric acid and only slowly affected by boiling 
sulphuric acid.^®® 

Silver .—No stable compounds appear to be 
formed but only a solid solution; the alloys 
form a simple eutectic series the eutectic being 
at 650° and 74 atomic per cent. Ag.®’ 

Maynesium. —Heated together in hydrogen 
in the correct proportions the metals form a 
brittle dark grey magnesium germanide^ MggGe, 
which generates germanium hydrides with 
acid8.i2.a3 

Mercury .—Germanium is but slightly soluble 
in mercury and amalgam formation is only 
observable above 250°; the resistivity of the 
amalgams is less than that of mercury at the 
same temperature,®® 

Aluminium. —No compounds and no solid 
solutions are formed although all alloys show 
the presence of a eutectic containing 29-5 atomic 
]MT cent. Ge, m.p. 424°. Their hardness in¬ 
creases with the germanium content and is 
! greater than for the corresponding siheon- 
aluminium alloys.i®^ Germanium may replace 
silicon in alloys of the duralumin type.®® 

Lead. —Neither solid solutions nor eutectic is 
observed, the germanium separating completely 
on cooling the melt.’® The behaviour with tin 
appears to be similar.^®^ 

Tellurium. —A compound GeTe is formed, 
m.p. 725°, d®® 6-20 which is not readily acted 
on by acids other than aqua regia. 

Uses. —Little use has, as yet, been made 
either of the metal, its alloys or derivatives. 
Its sulphide has been suggested as a hydro¬ 
genation catalyst W'hile zinc or magnesium ortho- 
germanate has been proposed as a luminescent 
material in the fluorescent screens of cathode- 
ray tubes (B.P. 414905). Some of its derivatives 
may prove useful in anaemia although they 
appear to have httle value against experimental 
infections.^®® 

Compounds of Germanium. 

With Hydrogen. —Germanium solutions when 
reduced electrolytically or by means of sodium 
amalgam or aluminium and dilute alkali evolve 
a gas with an unpleasant odour and which burns 
with a bluish-red flame. Passing the gas 
through a heated tube or inserting a cold surface 
into the flame causes the deposition of a metallic 
film or mirror which is soluble in sodium hypo¬ 
chlorite.®' 1®' 1®' 26, 135 a-n analogy with 

arsenic the gas was presumed to bo gernmniutn 
hydride, {monogermane, germanomethane), GeH 4 , 
and this was confirmed by passing it into silver 
nitrate solution when a black germanium-silver 
complex was deposited.®, i® Monogermane is 
also produced by treating zinc or magnesium 
alloys of germanium with sulphuric or hydro¬ 
chloric acids or by the action of ammonium 
bromide in liquid ammonia on magnesium ger- 
manidc.^*® It boils about —00°, solidifies at- 
—105° while the molecular weight from the 
vapour density is 76-66 (GeH4~76-63). 
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The gas produced above contains not only 
monogermane but also digermane {germanoethane)^ 
GCgHg, and trigerTnane {germanopropane), 
GegHg; those are separated by fractional dis¬ 
tillation of the liquid obtained by cooling the 
mixed gases in liquid air. 13igermane is a 
colourless liquid, b.p. 29°, m.p. —109°, rfuq. 
1-98. Exposed to air it gradually forms a dark 
brown solid; under certain conditions the 
reaction may be so accelerated as to cause 
emission of light. It is insoluble in water 
which, however, slowly attacks it, producing in 
the aqueous layer a white precipitate becoming 
yellow and then brown; with caustic soda 
(33%) a combustible gas is evolved. 

Trigcrmane is also a colourless liquid, b.p. 
]l()-5°, m.p. —105-6°, diiq. 2-20; it forms a 
white solid in air but is unaffected by caustic 
soda Bolution.^^’ 

Monogermane reacts with sodium in liquid 
ammonia to form sodium trihydrogermanide., 
NaH^Ge, a white solid crystallising with 6 mol. 
of ammonia which are lost in stages ; with 
oxygen the gennanide yields sodium meta- 
gormanate while on standing it readily evolves 
hydrogen leaving sodium germanide, NaGe. 
This is probably the same as the product formed 
by heating the elements in the absence of air and 
which gives with water a dark brown powder, 
germanium monohydride, (GeH)j;; the latter 
decomposes slowly on drying in the absence of 
air and readily in its presence.'^^- ^^6 
Acid hydrolysis of calcium germanide pro¬ 
duces a germanium dihydride, (GeHj)®. This 
amorphous, non-volatile, yellow solid reacts 
explosively with oxygen forming water and the 
metal while sodium hydroxide successively re¬ 
places H by OH. Bromine oxidises it to the 
tetrabromide but halogen acids produce ger- 
manous halides together with mono-, di- and 
trigermano formed by reduction of some of the 
dihydride by the liberated hydrogen. 

Halogen Derivatives of Germanium. 

Germanous Fluoride, GeFj.—Reduction 
of the tetrafluoride with germanium at 100-350° 
yields a white hygroscopic sublimate stated to 
be the difluoride, for its aqueous solution has 
reducing properties and deposits germanous 
sulphide on acidification and treatment with 
HgS. Heated above 360° it reproduces the 
tetrafluoride and germanium. 2 . <8 
Germanic Fluoride, GeF^.—A solution of 
germanium dioxide in hydrofluoric acid when 
evaporated over sulphuric acid slowly deposits 
white crystals of the trihydrate, GeF4,3H20, 
which is readily soluble in, and hydrolysed by, 
water.2»^ The anhydrous fluoride is a colour¬ 
less fuming gas forming no liquid phase at 
ordinary pressure; in liquid air it condenses to 
a white crystalline solid which sublimes on 
raising the temperature. It is best made by 
heating barium gerrnanifluoride at 700°, con¬ 
densing the product in liquid air and frac¬ 
tionating in a vacuum apparatus.*® Liquid 
GeF^ is formed at —15° under its own vapour 
pressure of 3,032 mm,, 2*40, 

3148; the vapour density (6*71 
g. per litre at 21°C. and 756*4 mm.) shows the 
absence of polymerised molecules.^®®* 


Germanic fluoride dissolves in water to a clear 
acid solution which slowly deposits the dioxide; 
addition of potassium hydroxide to the clear 
solution precipitates potassium germanifluoride-, 
KgGeFg. Germanifluoric acid has not been 
isolated but many of the salts have been made of 
which the alkali and barium ones are sparingly 
soluble and slowly hydrolysed in water.^^® 
Germanium Chlorofluorides. —The 
chlorofluorides, GeClFg, GeCloFj and GeClgF 
are formed when GeCl 4 is actecl on by antimony 
trifluoride in the presence of antimony penta- 
fluoride as catalyst. The first two are gases 
boiling at —20*3° and -2-8° and solidifying at 
—66*2° and —51-8° respectively while GeCIgF 
is a liquid with b.p. 37-5° and m.p. -49-8°. 
They are hydrolysed in moist air more readily 
than germanic chloride and tend to rearrange 
into this substance and the tetrafluoride.^*® 
Chlorogermanes. —Hydrogen chloride and 
monogermane react in the presence of anhydrous 
aluminium chloride to produce moyiochloro- 
monogermane, GeHgCI, and dichloromo no- 
germane, GeH 2 Cl 2 , as mobile colourless liquids 
boiling respectively at 28° and 69-5°. They 
decompose slowly at ordinary temperatures, 
fume in moist air, and, on hydrolysis, give 
germanous oxide, hydrochloric acid and hydro¬ 
gen. With absolute alcohol a white precipitate 
is formed.®®* 

Trichloromonogermane (Germano- 
chloroform), GeHClg. —Gently heated ger¬ 
manium reacts exothermically with hydrogen 
chloride whereby hydrogen is liberated and a con¬ 
densate produced which, according to Winkler, 
consisted of GeHClg and the oxychloride, 
GeOCIg* these being separated by distillation. 
Later work has shown that the tetrachloride is 
also formed and cannot be removed from the 
GeHClg by distillation. The trichlorogermario 
is therefore obtained by the action of hydrogen 
chloride on germanous chloride ; it is a colour¬ 
less liquid, b.p. 76-2°, m.p.^ —71°, d® 1-93; it 
fumes in moist air and forms with a little water 
a white solid while larger amounts produce 
the orange germanous oxide. Above 140° it 
decomposes first into the dichloride and then 
into tetrachloride and germanium. Electrolysis 
of a solution in 7^-HCI produces either 
germanous oxide or a solution of bivalent 
germanium.^®® With oxygen the following re¬ 
action is said to take place : 

4GeHCl8+Oa=2GeCl4+2GeCl2+2HaO 

although Winkler believed that GeOCL was 
formed. This oxychloride is, however, made by 
passing the vapour of germanochloroform over 
silver oxide; it is a colourless liquid, m.p. —56° 
insoluble in inorganic and organic solvents, and 
decomposing at 110° into GeO and chlorine.*®* 
For the Raman spectrum of GeHClg, see 
Volkringer and others.*®* 

Germanous Chloride, GeClg* —^Formed as 
an intermediate in the thermal decomposition of 
germanochloroform, it is best obtained by heating 
the metal at 350° in the vapour of germanic 
chloride, this reaction being reversed on heating 
the product above 76° in vacuo. The light yellow 
solid is insoluble in alcohol, chloroform or water, 
but the last medium slowly hydrolyses it to the 
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nionoxido. Chlorine oxidises it to the tetra¬ 
chloride, hydrogen cldoride gives trichloro- 
monogermane while bromine produces a mixture 
of tetrachloride and teirabromide; dry oxygen 
slowly generates the tetrachloride and dioxide.®* 
On mixing hydrochloric acid solutions of gt'r- 
manous and rubidium or csosium chlorides there 
are precipitated the germanochlorides, Rb[G eC I3] 
and Cs[GeCl3]; double salts with quinine and 
pilocarpine hydrochloride are also known.®® 

Germanic Chloride (Germanium tetra¬ 
chloride), GeCl4. —Obtained by heating the 
metal in chlorine,^* the dioxide in phos¬ 
gene,^® or by distilling a solution of the dioxide 
in concentrated hydrochloric acid and separating 
the heavy layer of tetrachloride from the 
acid.*®' The product, after fractionation and 
removal of any chlorine or hydrogen chloride 
by the passage of dry air, is a colourless limpid 
liquid, b.p. 83-0°, m.p. —50”, 1-879, re¬ 
fractive index 1-4602, vapour density 

at 301-5”=7-45 (GeCl4-7-43). The critical 
pressure is 38 atm., critical temperature 276-9” 
and dielectric constant at 30” is 2-65; the di¬ 
electric behaviour shows a zero moment and a 
probable symmetrical tetragonal structure for 

the molecule.^27,132, isa 

The tetrachloride fumes in moist air and is 
easily hydrolysed by water; it is soluble in 
many organic solvents and almost insoluble in 
hydrochloric and sulphuric acids; the latter 
acid has no effect on it while nitric acid only 
slowly attacks it. Alkalis react vigorously giving 
clear solutions f|:om which carbon dioxide pre¬ 
cipitates germanium dioxide. With dry am¬ 
monia there is formed a mixture of germanium 
imide and ammonium chloride, a light white 
powder slowly attacked by water.*® Heated 
with oxygen at 900° the tetrachloride yields an 
oxychloride^ Ge20Clg, b.p. 70°/13 mm.®* 

Bromogerm an es . —Monohromomonogerrtuine 
and dibromomonogermane are colourless liquids 
resembhng the chdoro derivatives and prepared 
similarly. The former has b.p. 52”, m.p. —32°, 
^28-6 2-34 and the latter b.p. 89°, m.p. —15°, 
d® 2-80. 

Germanobromoform, GeHBPg. —Formed 
by the action of hydrogen bromide on germanous 
bromide,**'** it is less stable than the chlorine 
analogue which it otherwise resembles; it 
begins to dissociate above 10° while the melting- 
point lies between —24° and —26°. 

Germanous Bromide, GeBrg. —Colourless 
plates or needles, m.p. 122°, subliming with some 
decomposition at 126° and formed by vacuum 
distillation of the mixture of GeHBrg and 
QeBr4 arising from the action of hydrogen 
bromide on the metal at 400°. When the mix¬ 
ture is maintained at 90° in vacuo the bromoform 
decomposes into dibromide and hydrogen 
bromide and the latter is pumped off together 
with the tetrahromide. Germanous bromide is 
also obtained by reducing the above mixture 
with zinc, filtering off zinc bromide and removing 
the unaltered tetrahromide as before. The 
dibromide dissolves in alcohol and acetone the 
solutions having reducing properties; water 
hydrolyses it to germanous oxide while bromine 
and hydrobromic acid produce tetrahromide and 


bromoform respectively.**' ** Solutions of ger¬ 
manous bromide in hydrobromic acid give 
precipitates with caesium and certain quaternary 
ammonium and arsonium bromides.^®* 

Germanic Bromide, GeBr4. —Prepared 
similarly to the ietrachloride although the re- 
reaction between the elements is not as vigorous ; 
colourless, octahedral crystals, m.p. 26-1°, b.p. 
ise-s”, 31315, 1-6269, specific con- 

ductivity <0-00008 mho. at 30”; the liquid 
exhibits to a marked degree the phenomenon of 
supercooling. In properties it closely resembles 
its chlorine analogue.*' **• 1®* 

lodogermanes. —lodomonogermanes, al¬ 
though stated to be formed, have not been 
isolated.®* 

Germanous Iodide, Gelg. —^Whenthe mix¬ 
ture of chlorides arising from the action of 
hydrogen chloride on germanium is converted 
to oxides and treated with hydriodic acid there 
is formed the sparingly soluble tetraiodide and 
the more soluble diiodide. On fractional crystal¬ 
lisation from hydriodic acid the diiodide is 
obtained as yellow hexagonal plates resembling 
lead iodide; the crystal structure is of the ('6 
type.^®* It 811 bhmes above 240° with some decom¬ 
position, is insoluble in hydrocarbons, slightly 
soluble in chloroform and readily dissolves in 
water and dilute acids.^’^* **• The solution in 
hydriodic acid gives a black precipitate with solid 
caesium chloride.^*^ 

Germanic Iodide, Gel4. —Iodine vapour 
acts on germanium at 360°, forming not only the 
orange tetraiodide but also some yellow di- 
iodide,^’ the former is therefore best obtained by 
evaporating a solution of the dioxide in hydriodic 
acid and crystallising the residue from chloro¬ 
form or carbon tetrachloride ; the crystals are 
isomorphous with those of stannic iodide.** • 

The colour of the iodide varies with temperature 
being canary-yellow at —186° and ruby-red at 
140°; m.p. 146°,^'b.p. 350-400°,^ with decom¬ 
position, d^ 4-3215; it may be sublimed with¬ 
out appreciable decomposition if carefuUy heated 
just above the melting-point. Many organic 
media tiissolve it, but the solutions in alcohol, 
acetone, ether and pyridine decompose im¬ 
mediately; carbon tetrachloride solutions give 
white precipitates with dry ammonia and many 
amines.^’' ®’»1®* 

Germanium and Oxygen. 

Germanous Oxide, GeO. —Formed as a 
black sublimate by heating the dioxide in carbon 
monoxide or a mixture of dioxide with carbon 
or germanium at 860-900° in nitrogen. At 
these temperatures it attacks quartz and porce¬ 
lain glaze and the operations must be con¬ 
ducted in unglazed porcelain; the monoxide 
begins to sublime at about 710°. It is more 
easily prepared by reducing germanic salt solu¬ 
tions with zinc and sulphuric acid or, better, 
with hypophosphorous acid, precipitating orange 
yellow germarious hydroxide with ammonia and 
drying this in nitrogen at 660° when the black 
crystalline oxide is formed.®®* The hydroxide 
or, more probably, hydrous oxide is also obtained 
by hydrolysis of the dihalides; it is easily 
soluble in alkalis and in the halogen acids.®®'**® 
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The crystalline monoxide is stable in air at 
ordinary temperatures and is only slowly 
attacked by acids, alkalis or oxidising agents. 
^Vith chlorine or bromine at 250” it forms the 
tetrahalide and dioxide while hydrogen chloride 
at 175” produces gcrmanoc'hloroforrn. 

For the band spectrum of GeO, see Shaw 
and Sen Gupta.^^^* 

Germanic Oxide (Germanium Dioxide), 
GeO2*—The oxide is usually obtained by one 
of the following processes : (a) heating the finely 
divided metal in oxygen or with nitric acid ' 
or hydrogen peroxide ; {h) oxidising the sul¬ 
phide with nitric acid b 24 , as qj. with hydrogen 
peroxide and ammonia ; (c) hydrolysis of the 
tetrahalides or sulphide. Although no hydroxide 
is known the product obtained from aqueous 
solution must be ignited at 900-1,000” to remove 
all moisture, while the preparation from oxidation 
of the sulphide tends to retain sulphuric acid 
from which it may be freed by moistening with 
ammonia and re-igniting. 

Germanic oxide is a heavy white microcrys¬ 
talline powder and can exist in two or more 
allotropic modifications. Evaporation of an 
aqueous solution of the oxide followed by heating 
to temperatures between 225” and 1,000' 
(optimum 380°) gives a product partly converted 
to a form insoluble in water, hydrochloric or 
hydrofluoric acid and only slowly soluble in hot 
alkalis.** Conversion into this insoluble modifi¬ 
cation is catalysed by water vapour or by a 
mixture of lithium and potassium chlorides. 
Hydrolysis of the tetrachloride or devitrification 
of the glass produced on fusing the dioxide leads 
to a soluble variety ; the two forms are enanti- 
otropic with a transition temperature at 1,033°. 
The soluble oxide is unstable below this and has 
a stable melting-point at 1,116°; its density at 
25° is 4‘228, refractive index oj 1*695 while the 
crystal structure is trigonal-trapezohedral and 
isomorphous with a-quartz.*® The insoluble 
modification has an unstable melting-point at 
1,086°, d*® 6*239, refractive index to 1*99, 
crystal structure, tetragonal and isomorphous 
with rutile.®®' 

The solubility of the oxide in sulphuric or 
hydrochloric acid is small and decreases with 
the concentration although with the latter a 
minimum is reached at 3*6iV. Alkalis readily 
dissolve it while the solubility in water at 25° 
is about 4*5 g. per 1,000 g. HgO.®!-®® The 
aqueous solution is partly colloidal and the 
solubility depends on the ratio of Ge02 to HgO 
in the original oxide.®® It is weakly acid and con¬ 
tains H2Ge03, dissociation constant of which, 
according to Schwarz and Huf,*® is 0*5x10“’; 
Giilezian and Muller give 1*3x10“® for this 
constant and 31*3 for the mobility of the 
HGeOg' ion while Pugh states that the acid 
is dibasic the first dissociation constant being 
2*6x10“® and the second l*9xl0~^®. When 
the dioxide is heated to 1,400-1,600° it fuses to 
a clear glass, d*® 3*637, refractive index 1*607. 
The dispersive power and thermal expansion are 
greater than for fused silica while the trans¬ 
mission in the ultra-violet is smaller. A number 
of glasses have also been made corresponding to 
the various silicate glasses. Fused germania 
attacks platinum, quartz and glazed porcelain 


and fusions must be carried out in unglazed 
porcelain and out of contact with reducing gases 
or carbonaceous matter. The fused oxide is 
acted on by water and acids and devitrifies on 
heating below the fusion point. 

A germanium dioxide gel having adsorptive 
power of the same order as silica gel has been 
made from germanium ethoxide, Ge(OEt)4, 
alcohol and water.®* No definite hydrate of 
germanium dioxide exists.®* 

Salts of Germanic Acids.—Most of the 
salts are derived from the rneta acidy HgGeOg, 
but a number of orthogermanates are known while 
salts of condensed ortho acids sinrh as the 
germanium analogues of Thortveititey 80281207, 
and BenitoitCy BaTiSioO^ {g.v.) have been 
synthesised. The general method of preparing 
these complex salts is by fusing or sintering 
intimate mixtures of the oxides in stoichio¬ 
metric proportions.®* 

Some of the metagermanates, notably the Li 
(anhydrous), Na (7 and 6H2O), Sr (anhydrous) 
and Ba (4 and SHgO) salts, have been obtained 
crystalline from aqueous solution. They arc 
decomposed by carbon dioxide and the solutions 
therefore slowly deposit GeO2 on exposure to 
air. From solutions of copper salts, sodium 
metagermananto precipitates a basic copper salt, 
2Cu0,Ge02,H20, while with aluminium chlo¬ 
ride there is deposited a germanatc, 

Al203,2Ge02,wH20, 

in which the water is zeolitic.*^* ®®' 

Magnesium orthogermanate is used in the 
estimation of germanium and is precipitated in 
amorphous form by treating germanium solu¬ 
tions with magnesium sulphate, ammonium sul¬ 
phate and ammonia; when crystalline it is iso¬ 
morphous with ForsteritCy Mg2Si04.®'®* 
Hydrogen peroxide at 0° acts on a concen¬ 
trated solution of sodium metagermanate t(i 
precipitate sodium perdigermanatey 

Na2Gea07,4H20, 

while from the filtrate alcohol deposits sodium 
permetagermanatey Na2Ge06,4H20. A potas¬ 
sium perdigermanate is also known.’® 

Complex Acids of Germanium.—Addition 
of mannitol, glycerol or other poly-hydroxy 
alcohols increases the solubility of germanium 
dioxide in water and the resulting complex acids 
may be titrated with sodium hydroxide as in the 
case of boric acid.®®- ^*® 

Like silicon, germanium forms heteropoly acids 
with molybdic and tungstic acids. These have 
been given the formulse Ho [G e (M O2O7) 0]28 H 2O 
and H8[Ge(W207)«]28H20, although they 
should probably be regarded as 

H 4 GeXi 2 O 40 , 29 H 2 O (X-Mo or W); 

other hydrates are also known.’®»’®'®*'^®**^^® 
Derivatives of I04ungstogermanic acidy 

H7GeWio082, 

have been made but the acid itself has not been 
isolated.®* 

Germanium also forms a complex gernmno- 
oxalic acidy HgG6(0204)3, of which the quinine 
and strychnine salts have been prepared.^*® 
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Germajjium Suj.ruuit. 

Germanous Sulphide, GeS. —Two modifi¬ 
cations are known, a red amorphous variety and 
a dark brown or black crystalline form. The. 
former results when hydrogen sulphide is led 
into neutral or slightly acid solutions of ger¬ 
manous salts ; it dissolves in hydrochloric 
acid, and in aqueous alkali hydroxides and 
polysulphidcs while oxidising agents readily 
attack it. Acidification of the hydroxide and 
poly sulphide solutions leads respectively to the 
(leposition of mono- and disulphide. Amorphous 
germanous sulphide gives germaiiochloroform 
with hydrogen chloride at 160^, is slowly oxidised 
by air at 350° while in nitrogen at 450° it is 
transformed into the crystalline variety.’® 
The latter is also obtained by heating the di¬ 
sulphide either with germanium in a stream of 
CO 2 or with hydrogen at 480°. Jt may be pre -1 
pared from the dioxide by heating this in a 
mixture of hydrogen sulphide and hydrogen at 
700°, any disulphide formed being removed by 
digesting the product with dilute ammonia.^' 

'i'he crystals are orthorhombic and consist of 
graphite-like tablets showing pleochroisrn in the 
thinnest flakes.The sulphide siiblimtvs in 
nitrogen at 430° and has m.p. 025°,’® (530°),®® 
and 3-78 (dJJ 4 01). It is more stable than 
the amorphous variety, being only slowly 
attacked by oxidising agents and being almost 
insoluble in mineral acids and cold alkalis. 

Germanic Sulphide, GeSg.—Strongly acid 
solutions of quadrivalent germanium give the 
colourless disulphide with hj^drogen sulphide 
precipitation being complete when the solutions 
arc 3-4wdth respect to HCI or 5-0A to 
HgSO^ and organic acids are absent. The 
sulphide is appreciably soluble in water and 
must be washed with acid solutions saturated 
with hydrogen sulphide; any admixed sulphur 
is removed by heating in an inert gas.^® 

Crystalline germanic sulphide is obtainable: 
[a] by heating germanite in N at 850-900° after 
removal of S and As,'*® ( 6 ) by subliming the 
inonosulphide in sulphur vapour, (c) by heating 
Ge 02 in a stream of HgS and S at 700-800°; 
with HgS alone some monosulphide is formed.®® 
This variety forms clusters of white needles 
melting at about 800° to a dark liquid congealing 
on cooling to a transparent amber mass; it 
sublimes above the melting-point; density of the 
crystals at 140° 2-942, and of the congealed 
mass 6-81. 

The amorphous sulphide is slowly hydrolysed 
by moist air and readily so by boiling water or 
steam. It dissolves in alkalis and ammonia, 
such solutions being easily oxidised with hydro¬ 
gen peroxide. With alkali sulphides it forms 
thio salts and alkali thiogermanates of the type 
MjGe 3 jS 7 , 9 H 20 have been isolated ; esters of 
tetrathio-orthogermanio acid, Ge(RS) 4 , have 
also been made.^^® 

Germanic Sulphate,Ge(S 04 ) 2 .—Obtained 
when GeCl 4 and SO3 (1:0 mol.) are heated in a 
scaled tube at 100° for 14 hours. After removal 
of unaltered reactants and S 2 O 5 CI 2 the residue 
solidifies to a white mass easily hydrolysed by 
water and giving sodium germanate and sul¬ 
phate with sodium hydroxide.®* 


Germajvix^m and Nitrogen. 

Germanium Nitrides. —Germanous nitride^ 
Ge3N2, is stated to be formed as a brown 
substance by thermal decomposition of ger¬ 
manous imide, GeNH, or of germanic nitride^ 
Ge 3 N 4 .’®' ^28 The last compound is prepared by 
I>as 8 ing ammonia over the metal or dioxide at 
700° or when germanam, GegNgH, is heated 
above 300°. These processes give products 
differing in colour, that from germanam being 
colourless while the first method generates w hat 
is possibly a brown polymer.’®* ®® Both forms 
are very stable, being attacked by H 2 , Og or CI 2 
only above 600°. 

Germanium Imides. —Germanous iodide 
reacts quantitatively with gaseous ammonia at 
- 33*5° to form the bivalent imide, GeNH, which 
is decomposed by water or dilute alkalis yielding 
ammonia and germanous hydroxide; it is 
violently oxidised by oxygen.®® Germanic imide, 
Ge(NH) 2 , is made by treating GeCl 4 with 
liquid ammonia and removing ammtuiium 
chloride by repeated washing with liquid am¬ 
monia.®®* ®^ it is a white amor])houH powder, 
stable at room temperature in the absem o of 
moisture, and loses ammonia above 150°, j)ro- 
ducing germanam, a substance of similar appear¬ 
ance stable up to 300°. 

Germanium and Carbon. 

Aliphatic Derivatives of Germanium.— 
Tetraalkyl compounds of the typo, GeR 4 , are 
prepared; (a) by the Grignard reaction on the 
tetrahalides, (/>) by the action of zinc dialkyls 
on these halides or (c) by heating alkali- or 
alkaline-earth metal alloys of germanium with 
alkyl chlorides or bromides under pressure and 
in the presence of chlorides of Zn, Fe or Al as 
catalysts (G.P. 428637). They are colourless 
liquicls with pleasant odours, the lower members 
being inflammable and burning with reddish- 
yellow flames. They are slightly soluble in 
water and readily so in many organic solvents; 
oxidising agents and halogens attack them but 
slowly. 

Germanium Tetramethyl, Ge(CH3)4.— 
Prepared by method (a) above but cannot be 
separated from ether by distillation; the sol¬ 
vent may be removed with sulphuric acid; the 
tetramethyl compound has b.p. 43-4°, m.p. — 88 °, 
dj 1-003, n^^''l-3868.3s*®’-i« 

Germanium Tetraethyl, Ge(Et)4. —B.p. 
163-5°, m.p. -90°, d®®'® 0-991, 

1.443.2, 28, 30, 67, 76, 99 

The n-propgl, n-bu/gl and mo-amyl derivatives 
are also known.®®* ®®* 

Lower Alkylated Compounds. —Those 
have only been obtained in the methyl and ethyl 
series, the latter being by far the more complete. 

Trimethylgermanium Bromide, 

Ge(Me)3Br. 

Prepared by dcmethylating GeMe 4 with HBr 
in the presence of aluminium chloride. Colour- 
less Uquid, b.j.. m.p. -26°, 1-644, 

n^® 1*4705. It is hydrolysed by water to 
a volatile liquid, presumably the oxide 
(GeMCa)*©, and yields an amine with dry 
ammonia.^® 
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Methyl iodide acts on caesium germanous 
chloride, Cs[GeCl 3 ], producing nwihylger- 
7natiium trichloride^ MeGeClg, while methylene 
iodide gives germanium methylene hexackhride, 
Ci 3 Ge‘CH 2 'GeCl 3 , which is hydrolysed W 
water to germanornalonicacid^CH^{Gi^ 02 ^)^y^^ 

Triethylgermanlum Bromide, EtgGeBr. 
—Results from the action of bromine in ethyl 
bromide on GeEt 4 ; colourless mobile liquid, 
b.p. 190-9°, m.p. —33°, it is hydrolysed by dilute 
alkalis to the oxide, (GeEtgligO, which boils at 
253-9° and from which the other halides may be 
obtained.®* With sodium sulphide the halides 
yield triethylgermanium sulphide, S(GeEt 3 ) 2 ,^^’ 
while with sodium under pressure or lithium 
in ethylamine they give hexaethyldigermane, 
[EtgGeJa, ^-P- 265°/758 mm. The latter is 
decomposed by lithium (or potassium) in ethyl- 
amine, forming lithium {potassium) triethyl 
gcrmanide which generates the tetra-ethyl 
derivative with ethyl bromide and reacts with 
ammonia, producing triethylgermane, GeHEtg, a 
colourless liquid with camphor-like odour, b.p. 
124-4°/751 mm.; it decolourises bromine in ethyl 
bromide and evolves hydrogen with potassium 
amide.®* 

Triethylgermanium fluoride reacts with bro¬ 
mine in ethyl bromide giving a product con¬ 
verted by sodium hydroxide into diethylger- 
manium oxide, G e E tgO This oxide exists in 

two forms, a colourless amorphous powder, m.p. 
175”, and an unstable liquid which is slowly 
transformed into the solid; the transition tem¬ 
perature is about 110°. Hydrobromic acid con¬ 
verts the oxide into diethylgermanium dibromide, 
GeEt 2 Br 2 , b.p. 202 ° from which dicthylger- 
maniumimine, GeEtjNH ,'i 8 formed with liquid 
ammonia. The dibromide is also obtained 
by treating diphenyldiethylgermane with 
bromine. 

GePh2Et2+2Br2^GeEtaBr2f 2PhBr. 

Ethylgermanium triiodide, GeEtlg, is pro¬ 
duced when germanous iodide and ethyl io^de 
are heated at 160° for 3 days in the absence of 
air; lemon-yellow liquid, b.p. 281°/766 ram., m.p. 

— 2 °; soluble in organic solvents, partly 
hydrolysed by water. The aqueous solution 
with freshly prepared silver oxide forms ethyl- 
germanic oxide, (EtGeOlgO, a glass-like solid 
not melting at 300° and from which the other 
halides are obtained. The oxide is better pre¬ 
pared by ammonolysis of the iodide followed by 
hydrolysis. The white intermediate product 
gives the nitride, GeEtN, on heating in a closed 
tube to 150°.^^’ 

Heating ethylgermanium triiodide with a lead 
bismuth alloy at 150° in the absence of air 
yields a product, probably (GeEtl)j;, which 
wdth ethyl halides at 125° forms the diethyl- 
germanium dihalides.^^® 

Abomatio Deeivativks of Germanium.— 
These are now so numerous that it is not possible 
to do more than indicate the types of compounds 
obtained and the general methotls of prepara¬ 
tion as exemplified in the phenyl series. 

Germanium Tetraphenyl, GePh 4 . —Ob¬ 
tained by the action of GeC )4 or QeBr 4 on 
(a) a large excess of phenyl magnesium bromide 


(36 mol.), {h) the product from the interaction of 
phenyl magnesium bromide and zinc chloride 
and (c) bromobenzene and sodium. White cry- 
staUine solid, m.p. 235-7°, insoluble in water 
and unaffected by boiling aqueous alkalis or cold 
concentrated H 2 SO 4 ; sparingly soluble in 
alcohol, ether and petrol, easily so in hot benzene, 
toluene or chloroform.®*- * 1 * **' 

Sodium Triphenylgermanide, NaGePhg. 
—^Formed w^hen sodium in liquid ammonia acts 
on hexaphenyldigermane or germanium totra- 
phenyl and crystallising from liquid ammonia 
with 3 mol. NH 3 which are readily lost. The 
germanide is very reactive, easily oxidised to 
the germanolate, PhgGeONa, yields tetra-aryl 
or triarylalkyl derivatives with aryl or alkyl 
haUdes.«. s*-»» 

Triphenylgermane, PhgGeH .—Generated 
when the above germanide is treated with water 
or ammonium bromide; it exists in two forms, 
one melting at 47° and the other at 27°, the former 
being the stable modification at room tempera¬ 
ture. It is slowly oxidised in air, reacts with 
halogens or halogen acids forming triphenyl- 
germanium halides, while with sodium in liquid 
ammonia, NaGePhg, is obtained.^® 

Triphenylgermanium Halides, PhgGeX.— 
The bromide is prepared by acting on germanium 
tetraphenyl in chloroform or ethylene di- 
bromide with hydrogen bromide or bromine. It 
is also the chief product of the Grignard reaction 
when only 5 mol. of PhMgBr are used per mol. 
of GeBr 4 . Hydrolysis leads to the oxide, 
(Ph 3 Ge) 20 , colourless prisms, m.p. 182-183°, 
from which the other halides may be obtained. 
These are colourless crystalline solids soluble in 
the usual organic media and fairly readily 
hydrolysed; the melting-points are: fluoride 
76-6°, chloride 117-118°, bromide 138-7° (134°), 
iodide 167°. With KN Hj in hquid ammonia the 
bromide yields PhgGeNHK and this with am¬ 
monium bromide forms the amine, PhgGeNHg, 
which readily loses ammonia, giving a mixture 
of the secondary amine, (Ph 3 Ge) 2 NH, and the 
tertiary amine, (PhgGejgN ; the latter is better 
obtained by heating the primary amine at 200 ° 
in vacito.®^' ^®' 

Triphenylgermanol, PhaGeOH. — Pre¬ 
pared from sodium triphenylgermanolate by 
treating its benzene solution with water and 
evaporating. The colourless crystals contain 
benzene and are recrystallised from light petro¬ 
leum ; it melts at 134-2° and is slowly converted 
to the oxide on heating.®** **• 

Diphenylgermanlunn Compounds.®i*®h9o— 
Diphenylgermanium dibromide, PhjGeSrg, is 
obtained by heating GePh 4 for 10 hours with 
bromine in carbon tetrachloride. The resulting 
mixture of bromides is converted through the 
oxides into the chlorides which are more readily 
fractionated; the fraction distilling at 100°/0-005 
mm. contains pure dip^nylgermanium dichloride. 
The halides are colourless liquids soluble in 
organic solvents and slowly hydrolysed by moist 
air; the fluoride and bromide distil at 100 ° and 
120° respectively at 0-007 mm. The latter is 
also formed when GePh 4 and GeBr 4 are heated 
together at 210-290° and as a by-product in the 
preparation of PhgGeBr by the Grignard 
reaction. 
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The oxide obtained by hydrolysing the halides 
is not a single substance and Morgan and Drew 
have isolated from it trianhydroteirakiadiphenyl- 
germanediolf 

HOGePh.'O'GePho. 

\o 

HO GePhg O GePh/ 

and the closed-ring tetraanhydro derivative. 

Monophenyl Derivatives. 8 i. 8 i. 9 «.i‘^o*^ 42 — 
Phenylgerinanium trichloride^ PhGeCL, is pre¬ 
pared \a) by heating GeCl 4 and GePn 4 under 
pressure, {b) by heating GeCl 4 and mercury 
diphenyl at 140*^ in xylene and (c) by heating 
iodobenzene with Cs[GeCl 3 ] at 250''. It is a 
colourless liquid, b.p. 105-100712 iimi.; the 
tribromide boils at 120-122''/13 mm. while the 
triiodidc is a solid, m.p. 55-5(5'^. Hydrolysis of 
these leads either to phenylgermaiionic acidy 
PhGeOOH, or its anhydride. 


Polygermanium Phenyls. 

Hexaphenyidigermane, PhgGe—GePhg.— 
Formed during the prolonged action of Ph MgBr 
on GeCl4 or by the electrolysis of PhgGeNa in 
liquid ammonia, it is usually obtained by heating 
PhgGeBr with sodium in xylene or by the inter¬ 
action of PhgGeNa and PhgGeF. Colourless 
microcrystalline powder, m.p. 340*^, only 
slightly soluble in organic solvents. 

Octaphenylgermanopropane, PhgGeg.— 
Prepared by the action of 2 mol. of PhgGeNa on 
1 mol. of PhgGeClg in warm benzene; it forms 
colourless plates from chloroform, m.p. 247-248°, 
and is stable towards moisture.®^ 

Sodium in xylene reacts with diphenylger- 
manium dichloride to yield some germanium 
diphenyly^^ probably (Ph 2 Ge) 4 , a white crystal¬ 
line material, m.p. 29^295°. The corresponding 
reaction with the trichloride, PhGeClg, gives a 
product, (GePh)g, which was first thought to 
have a cyclic structure but which is now regarded 
as an open-chain compound.®®* 

The only definite ring structures contaim'ng 
germanium appear to be I’.X-diethylgerrnanium- 
vycXopcntamethylene 


CH,<( 


CHg CH 
CHgCH 


^^GeEtg 

2 


and the corresponding \\\-dichloro derivative. 
The latter is made from the Grignard reagent of 
a:€-dibromopentane.^®® 

Aryl-alkyl Derivatives of Germanium.— 
A number of mixed aryl-alkyl germanium com¬ 
pounds have been made of which the most 
interesting is probably ethylimpropylphenyh 
germanium bromide 


Pr^s^ 

Et/ 


Ge 


/ 

\ 


Ph 

Br 


acetone in anhydrous solvents, forming ger¬ 
manium hiaacetylacetone dichloride (I), colourless 
prisms, m.p. 240°, sparingly soluble in organic 
media. With the totrabromide the reaction is 
slow ami the yield is poor; the dibromide, is a 
colourless microcrystalline powder, m.p. 220 °. 
The corresponding proj)ionylacctoiiG derivativevs 
have also been obtained. 

With copper acetylacetone germanic chloride 
gives unstable complex intermedia 1 /e products 
which resolve on crystallisation into germanium 
irisacetylctcetone ciiprochloride (JI), colourless re¬ 
fractive prisms, m.p. 147-148°. The analogous 
cuprobromide is obtained in a like manner hut 
is accompanied hy a dicuj)robromide, 


lGe(C,H,0,yCu,Br3. 

X(CH 3 )- 0 . 

[(CH/; >),GeXj] 

\C(CH 3 ); 0 - 


^C(CH 3 )- 0 . 

[(Ch/ XGelCuX^ 

\C(CH 3 ): 0 -' 

Jl. 


X-CI or Br 
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G. R. I). 

GERSDORFFITE. Sulpharsenide of nickel, 
NiAsS, crystallised in the cubic system, Tl)e 
nickel (35-4% according to the formula) is 
usually partly replatjod isomorphously by iron, 
and less often by cobalt. Analyses show Ni 
16-24-35'97%, with Fe nil-16-64 and Co nil- 
14-12%. (hystals are usually octahedral in 
habit, and they show good cleavages parallel 
to the faces of the cube. 'I’lie colour is steel- 
grey with metallic lustre, but usually the 
material is tarnished and dull black ; the streak 
is greyish-black. Sp.gr. r)-6-6'2; hardness 5. 
The mineral occurs in metalliferous veins, and 
has been recorded from several localities in 
central Europe ; also from Loch Fyne in Scot¬ 
land, Sudbury and ('obalt in Ontario, etc. 

L. J. S. 

GESNERIN. The flower petals of Gesnera 
fidgens contain an anthocyanin which is unique 
in that it is directly related to the flavones rather 
than to the flavonols. It has been studied by 
G. M. and R. Robinson and Todd (J.C.S. 1934, 
809) who, although unable to isolate the antho¬ 
cyanin becanso of lack of flowers, have shown 
that gesnerin is S-ghu-osidylapigeninidin (HI). 
The pigment was extracted from the petals by 
means of hot 0-2% HCI, after rejecting the 
darker bluer-red portions. A long and tedious 
purification alibrded a solution of the antho¬ 
cyanin, which showed properties identical with 
those of a synthetic preparation. 2-O-Tetra- 
acetyl-jS-glucosidylpliloroglucinaldehydo (1) con¬ 
densed with 4-hydroxyacetophenone (II) by 
means of HCI in dry ethyl acetate afforded an 
acylated anthocyanin, from wliich (III) was 
obtained by treatment first with NaOH and 
then with HCI. 


HOj^ NOH 

l^^CHO 

aC(,H,0(OAc)4 

I. 



ir. 
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111 . 

The chloride was obtained in the form of small 
brownish needles of the tetrahydrate, 

C2iH2i0,CI,4H,0, 

when a solution in hot 0-1% HCI was mixed 
with an etjual volume of 5% methyl-alctoholie 
HCI. A basic chloride, 2 C 2 iH 2 o 09 ,HCb 8 H 20 , 
when dried in air, and 2 Co|H 2 o 09 ,HCI,H 20 , 
after drying at 110“ in a high vacuum over 
phosphorus pentoxide, separated in the form of 
minute brown crystals when the acid concen¬ 
tration of a 0*1% HCI solution was increased to 
2 %. The chiwide is almost insoluble in 2% 
HCI or in acetic acid; it dissolves sparingly in 
0-5% HCI to a yellowish-brown solution. The 
orange-yellow alcoholic and w-butyl-alcoholic 
solutions exhibit a green fluorescence. The 
aqueous or alcoholic solution gives a fine bluish- 
rose coloration on the addition of sodium acetate, 
sodium carbonate, ammonia or sodium hy¬ 
droxide. The distribution to i^oamyl alcohol is 
superficially similar to that of a normal di- 
glucoside. Under the conditions defined by 
Robinson and Todd (J.C.S. 1932,2296,2492), the 
distribution number (n-butyl alcohol) is 50 
(3-18 mg. in 50 c.c. of the mixed solvents). 

W. B. 

GETAH WAX v. Fio Tree Wax. 

GEYSER ITE or SILICEOUS SINTER. 

(Ger. Kieselsinter.) An opaline form of hy¬ 
drated silica deposited by the hot springs 
(geysers) of volcanic regions. It is white or 
greyish in colour and porous in texture. On the 
exterior it usually assumed fantastic shapes— 
stalactitic, filiform and caulifiower-like masses 
—and it is sometimes found encrusting plants. 
Compact-massive and pulverulent forms also 
occur. Sp.gr. 1 •8-2*0. The material consists 
of nearly pure silica, SiOg 82-97% with HgO 
3-10%, and small amounts of aluminium, iron, 
calcium, magnesium and alkalis. Immense 
deposits occur in Iceland, New Zealand, Luzon 
in the Philippine Islands, Azores, and Yellow¬ 
stone National Park in Wyoming. Its use has 
been suggested for the manufacture of porcelain, 
glass, silica-glass, etc., and as an inert filling 
material. 

L. J. S. 

GHEDDA or East Indian (Bees’) Wax. 
The wax secreted by the oriental species of bee. 
Apis indica Fab., A.flwea Fab., and A. dorsata 
Fab. M.p. 62-63°, sohdifies at 69-58°, acid value 
6-7*5 ester value 86*92. 

GHEE (Hindustani, consists of 

clarified butter fat and is extensively employed 
in India as a general edible and. cooidng fat; it 
also finds considerable use as an external medica¬ 
ment (very old ghee is regarded wuth especial 
favour for this purpose) and in religious cere¬ 
monies. It is prepared by heating (“ boiling ”) 


butter until most of the water has evaporated 
and the fat layer becomes clear and can be 
separated from the curd and residual water by 
decantation and/or straining. The quality and 
flavour of the preparation, which naturally 
depends upon the care exercised in the manu¬ 
facture of the butter (v. Butter) and in its 
subsequent treatment, is gradually improving, as 
modern procedures replace the older crude 
native methods (Kothavala and Cox, J. Central 
Bur. Animal Husbandry Dairying, India, 1927- 
28, 1, 95; French, Bull. Imp. Inst. 1936, 84, 
32). The best quality of ghee is a white or 
yellow fat of fresh buttor-hke flavour, which 
keeps indefinitely if stored in porous earthen¬ 
ware vessels, whilst the lower grades, which have 
been imperfectly clarified in the primitive native 
processes, soon develop a characteristic flavour 
and sharp rancid taste. Ghee of good quality 
may also be manufactured directly by boiling 
(clarifying) washed fresh cream, or soured cream 
(French, l.c.; Bull. Imp. Inst. 1938, 86, 349; 
Dave, Poona Agr. Coll. Mag. 1935, 26, 142). 

The purified dry butterfat has better keeping 
properties than ordinary butter and, hence, 
ghee-like preparations made from local butters 
are to be found not only in other hot countries 
such as Egypt (where the fat is termed 
“ Samna ”), Nigeria and Tanganyika, but 
among peasant populations in Russia, Germany 
(as “ Schmelzbutter ” or “ Butterschrnalz ”), 
etc. 

In India, the fat sold under the name of 
“ ghee ” may be derived from cow butter or 
buffalo butter or from mixtures of both, and 
ordinarily no distinction is made between the 
two varieties, even in the matter of pricse. Ghees 
prepared from the milk of other animals, such 
as goats, may also be met with in some countries. 

The following figures are reported by Godbole 
and Sadgopal from the examination of a number 
of authentic Indian butterfats (“ Butterfat 
(Ghee),” Benares, 1939, p. 17; cf, Bhattacharya 
and Hilditch, Analyst, 1931, 66, 161): 


Table I.—^Properties of Indian Butterfats 
(Godbole and Sadgopal). 



Cow 

Buffalo 


butterfat. 

butterfat. 

Specific gravity at 

15“C. 

Refract! ve index 

0‘9358-0*9443 

0*9340-0*9444 

(butyro-refract»)mcter 
at 40^) .... 

40*0-43*0° 

40*0-43*5° 

Melting-point . . 

28*5-42*0°C. 

32*0-48*5°C. 

Saponification value . 
Eeichert-MelsBl value . 

226*6-2360 

228*5-236*0 

21*0-84*4 

24*6-36*6 

Polenske value . - . 

0*7-1*95 

0*8-2*2 

Bertram A-valuo . 

6*2-70 

6*3-7‘4 

Bertram B-valiie . . 

31*0-35*6 

329-35*5 

Iodine value ^ . . . 

i 31*5-46 

26*6-44*0 

Thiocyanogen value ^ . 

25-6-40-8 

22*7-40*0 


^ Cf. Budhalakoti and Mukherji, J. Indian Chem. 
Soc. 1935,12, 455; iodine values 30-50. 


The Kirschner values of cow-butter ghee and 
buffalo-butter ghee (two samples each) examined 
by Bhattacharya and Hilditch {lx,) were 20*6- 
20*9 and 24*6-26*6 respectively. 

It win be noted that the figures for both fats 
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fall within the ranges of vahies commonly 
accepted for European butterfats (?;. Butter). 
The butyric acid values of six samples of standard 
butters from the Indian market examined by 
Godbole and Sadgopal {op. cit. p. 77), however, 
range from 24‘l-26*0 (average 25-2), which is 
considerably higher than the average figure of 
20 reported by Grossfeld for European butter 
fats. Correspondingly, the content of butyric 
and caproic acids in the Indian fat appears to 
be slightly higher than that of the European 
butter fats (Sadgopal). Bhattacharya and 
Jlilditch {l.c.) give the following figures for the 
jx'Tcentago composition of the fatty acids from 
two samples ^ of first quality buffalo ghee having 
iodine values respectively 32*5 and 33-5 : butyric 
acid 3*9, 41; caproic acid 1-7, 1-4; caprylic 
acid 0*3, 0-9; capric acid 0*9, 1-7; laiiric acid 
2 0, 2-8 ; myristic acid 7-2, 10*1; palmitic acid 
20 0,^ 31-1; stearic acid 24-4^, 11-2; arachidic 
acid 2*7, 0-9; oleic acid 34*3, 33-2; linolic acid 
2 (>, 2*0. Figures approximating to those for the 
second sample have been reported by Godbole 
and Sadgopal {op. cit. p. 18) as the average results 
of the examination of more than forty samples 
of buffalo ghee. These analyses show that the 
proportion of butyric and stearic acids in buffalo- 
butter fat is distinctl 3 ’’ greater than in cow- 
butter fat, and the proportion of linolic to oleic 
acid is lower; arachidic acid has also been 
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detected in the acids of buffalo-butter fat, hut 
is absent from cow-butter fat (Bhattacharya and 
Hilditch). 

The glycerides of the second samphj of buffalo 
ghee described above were found to comprise 
about 34 mol.-% of fully saturated triglycerides 
and 42-54 mol.-% of mono-unsatiirated-di- 
saturated glycerides, the balance consisting of 
di-unsaturated and/or tri-unsaturatod glycerides. 
Allowing for its particular content of linolic and 
oleic acids, the general structure of the fat is 
thus comparable to that of cow-butter fat (?’. 
Butter), and, as in the case of other animal fats, 
is of the “ mixed heterogeneous ” type: i.r. 
there is no evidence of any selective assfxuation 
of unsaturated and saturated acids, or of segre¬ 
gation of any particular fatty acid in the form 
of simple triglyceride. 

Standards for ghee, which have been laid 
down by the Ghee Conference of the Govern¬ 
ment of India, 1937-38 (Schedule III: normal 
physical and chemical constants of “ Ghee ” 
to which designation marks may be applied) 
are shown in Table 11 ; these standards are 
severely criticised by Godbole and Sadgopal on 
the ground that the limits given for various 
characteristics arc too narrow and lijible to 
exclude a very large number of genuine samples 
of (‘ow and buffalo ghee (cf. Brahmachari, 
Indian Med. Gaz. 1935, 70, 71). 


Table TI. 



fVjw ghee, 
yellow label. 

Buffalo ghoo, 
blue label. 

8j)eeial, 
red lab(*l. 

(Jeueral, 
green label. 

Rutyro-refraetometer at 40‘^(A 

40-5-I2-5° 

40-5-42'5"^ 

c 

‘v 

1 

o 

40 r)--43 ff-' 

Moisture. 

>0-5o/o 

>0*5% 

>0-5% 

>0-75% 

Saponification value. 

222-226 

226-234 

222-234 

220-236 

Rcichert-Mcissl value. 

26-28 

<30 

<28 

<24 

Polenske value. 

l-5-2'5 

1()-L75 

1 0-2-0 

()-5-2-5 

Kirschner value. 

20-25 

<25 

— 

— 

Free fatty acids as oleic acid , 

>1-6 

>1-5 

>1-5 

>2 


Coneeming the content of vitamin-A in ghee, 
me papers by B. N, Banerjee et. al., in Agric. 
Live-Stock India, 1935 onwards; Grewal, Quart. 
J. Pharm. 1933,6, 660. 

Ghee is liable to be adulterated with animal 
or vegetable fats or hydrogenated fats of suitable 
consistency: its analysis follows the lines 
described for butter fat in the article Butter 
{see also “Standard Methods of Analysis for 
Testing and Grading Ghee,” 1938, published by 
the Government of India; Venkatachalam, 
Analyst, 1937, 62, 732; Daroga and Sidheva, 
Ind. and News, Ed., J. Indian Chem. Soc. 1938, 
1, 91). Godbole and Sadgopal recommend a 

^ The first sample was prepared from the milk of 
of Murrah buffaloes fed on dry grass and green millet 
with the addition of concentrates containing cotton¬ 
seed, sesame-cake and lentil-husks; the second was a 
market sample derived from pasture-fed animals. 
T'he authors remark in regard to the first sample, that 
insufficient material was available to permit them to 
repeat the analysis as they would have wished to do in 
view of the unexpected results obtained for the con¬ 
tents of stearic and palmitic acids. The presence of 
arachidic acid, however, is regarded W definitely 
proved. 


determination of the dispersion iix conjunction 
with the refractive index as a rapid qualitative 
sorting test (c/. Athavale and Jatkar, J. Indian 
Inst. Sci. 1938, A21, 15); when observations of 
refractive index are made with a butyro- 
refractometer in daylight (or are-lamp light) the 
appearance of the colour-fringes at the edge of 
the shadow may afford preliminary indication of 
adulteration; pure ghee is stated to show a 
colourless or violet-edged demarcation line, 
whilst blue or orange fringes are to be observed 
if animal or vegetable oils and fats are present. 

” Vegetable ghee ” (” vanashpati ”), which is 
sold as a substitute for ghee, bears the SiXiUie 
relation to it as margarine does to butter in 
Europe, and consists of suitable blends of 
hydrogenated vegetable oils (commonly arachis 
and cottonseed oils), and vegetable oils and 
fats. 

E, L. 

GIALLOLlNO. Giallo di Napoli, Naples 
Yellow, a yellow pigment obtained by heating 
tartar emetic wdth common salt and lead nitrate 
and approximating in composition to basic load 
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antimonatt?. Jt ban been used for many cen¬ 
turies in enamels and pottery ware, but its use 
as a paint is now obsolete. 

GIBB'S CELL (v. Vol. Ill, 53a). 

GIBBSITE or HYDRARGILLITE. Hy¬ 
drated alumina, AljOg-SHgO (AlgOg 65-4%), 
crystalbsed in the monoclinic system. It usuaUy 
forms white or greyish, stalactitic or mamillated, 
encrusting masses. Crystals, to which the name 
hydrargillite is more particularly applied, have 
the form of thin six-sided plates with a pearly 
lustre on the perfect basal cleavage; these are 
found in a magnetite-bearing schist at Shishirask, 
near Zlatoust in the Urals, and in nepheline- 
syonite in the Langesund-fjord, Norway. 
tSp.gr. 2-3-2*4; H. 2^3^. A bed, about a foot 
in thickness, of nodular plates of amorphous 
material is found beneath the soil overlying 
igneous rocks over a wide area in the Palni Hills 
ill Madras. As a constituent of bauxite and 
laterite it is of wide distribution, and it has also 
boon identified in some highly aluminous fire¬ 
clays. If found in sufficient quantity it would 
be of value as an aluminium ore. 

L. J. S. 

GILSONITE, A mineral hydrocarbon oc¬ 
curring in Utah, the Philippines and elsewhere. 
Used in the paving industry and in the manu¬ 
facture of electrical insulators, roofing materials, 
for water-proofing pipes, preventing corrosion 
of iron plates in ships, coating wire fencing, sea 
walls, etc., for lining tanks for chemicals, in 
lubricants for heavy machinery, in rubber sub¬ 
stitutes and as a binder for briquettes. 

Distilled up to 460° it yields 12-75% fuel gas 
(containing mainly CH 4 carrying 2 % light oil 
and 0-25% NH 3 ), 55% oil and 30% coke (con¬ 
taining 5-6% N). The oil fractionated in COg 
gives light solvent oil, intermediate gas oil and 
a heavy oil yielding lubricating oil and wax. 
All these oils have both asphaltic and paraffinoid 
characteristics. The middle fraction purified 
by H 2 SO 4 and sulphonated with oleum gives a 
clear oil with properties of a refined petrol. 
The acid sludge yields a semi-drying oil and a 
solution of sulphonic acids used for hydrolysing 
fats and the Na salts of which are useful as 
detergents. The semi-drying oil mixed with 
linseed oil causes homogeneous drying (U.S.P. 
1459328, 1524859, 1573764-5, 1578235). 

Gilsonite is rendered completely soluble in 
petroleum by heating for J hour at 160-200° 
(U.S.P. 1803637). 

GIN or GENEVA is a spirituous liquor the 
characteristic flavour of which is due to the 
presence of oil expressed from the juniper berry. 
The term “ Gin ” is an English abbreviation of 
“ Geneva,” a corruption of the French 
“ Geni 6 vre ” or the Dutch ” Jenever,” both of 
which have reference to the essential flavouring 
ingredient. There are two main types—^the 
British “ Gin,” and the Dutch ” Geneva,” 

“ Hollands ” or ‘‘ Schnapps.” The spirit is 
usually derived from grain—a mixture of maize, 
malt and rye. For low grade varieties, spirit 
derived from molasses or other fermentable sub¬ 
stances is sometimes used. Whilst there is no 
legal or official standard for gin, and such sub- ; 
stitution may not be detrimental to public < 
health, a case can possibly be established against i 


the marketing of such a preparation as genuine 
! gin. 

The English variety is usually prepared from a 
grain mixture consisting approximately of 
16 parts of maize, 3 of malt and 2 of rye. After 
fermentation, the spirit is generally rectified in 
patent stills, and although a high alcoholic 
strength is attained, the rectification is not 
( arried out to such an extent as to eliminate the 
characteristic flavour of grain spirit. The 
artificial flavourings in addition to the juniper 
which are added, are angelica, almond, calamus 
root, cardamon seeds, cassia buds, coriander 
seeds, liquorice powder, orris root, sweet fennel 
and turpentine. The method of adding the 
flavouring substances varies. In some cases 
they are added directly, or an alcoholic mash of 
the flavourings is distilled, the distillate being 
added to the spirit to bo flavoured. Another 
and probably the best method is to redistil the 
spirit after the addition of the flavouring in¬ 
gredients in a kind of pot-still wfith a longhead 
or other simple rectifying apparatus. 

8 w€^etoned gin, popularly known as “ Old 
Tom ” is made by the addition of sugar syrup 
to plain gin. The syrup is prepared by dis¬ 
solving refined sugar in its own weight of water. 
Sometimes the syrup is flavoured with orange 
flower water and is known as ” capillaire.” The 
clear solution is added in the proportion of about 
6 gallons of synip to 100 gallons of gin. 

Plymouth gin is a special variety made in 
Idymouth and consumed extensively in the West 
of England. It has a characteristic flavour, said 
to be due to ether resulting from the addition of 
a little sulphuric acid to the spirit before 
rectification. 

The Dutch variety is usually prepared from 
e(iual parts of the three grains above mentioned 
although sometimes maize is omitted. The 
manufacture is carried on mainly at Schiedam 
where pot stills are chiefly employed. The spirit 
is subjected to three or four rectifications, when 
it is known as ” moutwyn ” or ” maltwine.” 
This is sold to the manufacturers of Geneva or 
Hollands who flavour it by methods similar to 
those above described for Enghsh gin. The best 
Hollands is said to be prepared as follows: 
A mixture of 2 measures of ground rye with 1 
measure of ground barley malt is mashed with 
about 24 gallons of water for each hundredweight 
of the mixed meal. The mashing being com¬ 
pleted, the specific gravity of the wort is reduced 
to between 1,033 and 1,038 by the addition of 
cold water. The mash is then fermented after 
which the whole is transferred to a still. To the 
first product of distillation, called ” low wines,” 
a varying proportion of juniper berries with a 
little salt is added, and it is redistilled. To the 
distillate further flavouring derived from the 
juniper as well as from the r^e or barley used in 
brewing are added. 

The consumption of gin has increased greatly 
in recent years owing to the establishment in 
popular favour of aperitifs and cocktails of 
which it forms the basis. In these preparations 
the gin is mixed with a variety of different 
materials such as vermouth, angostura bitters, 
or citrous extracts. Before this development, 
however, gin was in inwoh demand on account 
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of its supposedly valuable medicinal properties, 
particularly in affections of the urinary organs. 
In this connection the work of (jaffera.ta (r. 
Duccpschi, J*avia, Arch. ital. biol. J‘120, 70, 1)3) 
is of intcn'st. By injecti<ui into the jugular 
vein of the rabbit he established the toxic 
coellicient (expressed in terms of cubic centi¬ 
metres j)cr kilogram of body weight) to be 18-20 
eomparod with whisky 10, cognac 13-18, wanes 
05-80 and beers 152-200. 

'i’he adulteration of gin, except by dilution 
with water, is not common. The Food and 
Drugs Act, 1938, prescribes that, in pro¬ 
ceedings for dilution of gin, it shall be a 
defence for the defendant to prove that the 
spirit had been diluted with water only, and 
that its strength was still not lower than 35° 
under proof. This provision, however, does 
not affe(d Secit. 14 of the Finance Act, 1935, 
accorebng to which “ if any spirits delivered in 
bottle from a warehouse for home consumption 
are sold by a dealer in or retailer of spirits at a 
strength lower than that by reference to whicdi 
the customs duty or the excise duty chargeable 
thereon was computed, he shall ... be liable . . . 
to a fine.” Alkaline carbonates and sometimes 
alum and salts of zinc and lead have been found. 
Juniper wood oil and turpentine oil are occasion¬ 
ally used as substitutes for or admixed with tlie 
oil from the junix)or berry. Dorchics (x\nn. Falsif. 
1935, 28, 452), in the examination of a large 
number of samides from various origins, found 
c'onsiderable variation in the products from 
different distilleries. He found that constituents 
other than ethyl alcohol never fell below 352 mg. 
per 100 ml. of absolute alcohol. The most im¬ 
portant of these—the higher alcohols—were 
never below 270, furfural was present in traces 
too small to determine except in the product of 
one distillery which contained 1-0-9*6 mg. per 
100 ml. of absolute alcohol. 

F. a. 11. T. 

GINGELLY or GINGILI OIL. Syn. for 

sesam^ oil. 

GINGER. The dried rhizome, cither whole 
or powdered, of Zingiber officinale Koscoo, a plant 
3-4 ft. in height, which grows wdld in India and 
(Jliina and is cultivated extensively in most 
tropical countries. At the present time the 
chief kinds, which find their way into the Eng¬ 
lish market, are Jamaica, Calicut, African, 
Japanese and, in less quantity, Bombay. As 
ginger is invariably cultivated from cuttings of 
the rhizome, it is very seldom that the seed is 
fertile, and consequently there is little variation 
in botanical characters wherever the plant is 
growTi. It may be propagated readily in any 
tropical or sub-tropical climate having a high 
rainfall. It was at one time stated that Chinese 
ginger used for preserving purposes was derived 
from a related plant, Alpinia gdlanga, Fam. 
Zingiberaceee, but this is now thought to be 
erroneous. Japanese ginger is not derived from 
Z. officinale, but is stated to be obtained from 
Z. mioga, and is therefore not employed for 
medicinal purposes. Ginger has been grown 
extensively in Nigeria, and a detailed account of 
its cultivation is given in the Bull. Imp. Inst. 
1926, 24, 667. 

The rhizomes are dug up when the plant is 


about a year old, washed and dried in the snn. 
In some cases tlie root is dried intact and in 
others the epidermis is removed by scrajhng or 
cutting. Great care is necesHary in the peeling 
of ginger, as t he aromatic principles are Ibund in 
thf' (-('Us immediately beneath the epidermis, and 
if these arc spoilt or accidentally removed the 
spice becomes valueless. Ib^cent reports from 
Nigeria indicate that the native grower, in his 
attemi)t to obtain a good colour, lias prolonged 
unduly the soaking and washing of the ginger 
with the consequent leaehing-out of an un¬ 
necessarily large amount of the water-soluble 
constituents (Bray, IVlajor and Hill, Analyst, 
1939, 64, 176). Active stcfis are being taken to 
rectify the fixulty curing and these arc meeting 
with considerable success. 

Although the official ginger is unbleached, 
except for the action of the sun, there is a 
popular prejudice in favour of a white product 
and to meet this demand various methods of 
treating the roots are adopted. They are some¬ 
times bleached by means of chlorine or sul¬ 
phurous acid, or are dusted with calcium car¬ 
bonate or sulphate, but the commonest method 
consists in immersing the rhizome in milk of 
lime. This also prevents the attack of insecits. 
When treatment is carried out after importation, 
the bleached “ Iiands ” are dried off in a 
moderately hot oven, as snn drying is no longer 
possible. 

The unseraped root has a yellowish-brown 
wrinkh'd surface, whilst the scraped variety is 
smooth and nearly whit(^ The pieces are, as a 
rule, from 3 to 0 in. in length, knotted and bent, 
llattencd in section and with a short fracture. 
On being cut with a knife the ]>est ginger presents 
a soft floury surlace, inferior qualities appear 
hard, resinous and shiny. (Bnger is used as 
a (-ondiment and flavouring agent and in 
medicine as an aromatic stimulant and car¬ 
minative. 

Microscopic Appearance ,—Uic starch grains 
associated with the parcnehymatoiis tissue are 
very abundant and characteristic, they are 
simple and ovoid in shape, from 7 to 40p long 
and 5 to25/x broad, with an eccentric hilum, and 
striations are visible in the larger grains, pro¬ 
vided that the illumination is properly adjusted. 
In Japanese ginger the starch grains occur in 
aggregat(‘s and are less ecc’cntric than in other 
grains. 

Scraped ginger contains no cork, but the 
natural rhizonie possesses an outer cork rind of 
about 0*4 mm. thickness and containing about 
20 layers of large yellow or brownish, somewhat 
flattened, thin-walled cells, without any con¬ 
tents. Immediately beneath is the parenchyma 
of the cortex containing starch and inters{>er8ed 
with oil cells, whilst further inwards the par(;n- 
chyma cells are larger and contain more starch 
grains but fewer oil cells. 

The spiral vessels are broad, reticulated and 
scalariform. The bast fibres are also broad and 
have rather thin walls. 

Chemical Composition .—The chief character¬ 
istic constituents are a volatile oil to which the 
aroma is due ; a fixed oil, gingerol, which gives 
the pungent flavour; starch and resin. The 
following figures (Richardson, from Leach, 
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“ Food Inspection and Ajialyais,** p. 403,4th ed. some idea of the composition of whole ginger 
1920, J. Wiley & Sons, New York,) will afford root. 


1'ablk f. 



Water. 

Asii. 

Volatile 

oil. 

Fixed 

oil 

and 

resin. 

Starch, 

Crude 

fibre. 

Albu¬ 

minoids. 

Unde¬ 

ter¬ 

mined, 

Nitro¬ 

gen. 

Calcutta. 

9-60 

7-02 

2-27 

4-58 

49-3 

7-45 

6-30 

13-4 

1-01 

C^ochin. 

9*41 

3-39 

1-84 

4*07 

53-3 

2-05 

700 

18-9 

M2 

Unbleached Jamaica . 

10-49 

3-44 

2-03 

2-29 

r> 0'6 

4-74 

10-85 

15-6 

1-74 

Bleached Jamaica (Lon- 
. 1 

11-00 

4-54 

1-89 

304 

49-3 

1-70 

9-28 

19-2 

1 

1-48 

Bleached Jamaica (America) 

1011 

5-58 

2-54 

2-69 

50-7 

7'65 

9-10 

11-7 

M 6 


J. F. Liverseego, H. H. Bagnall and A. R. 
Lerrigo (Yearbook of Pharmacy, p. 467, 1926) 
record detailed analyses of 24 samples of ground 
ginger, and the average figures taken from 159 
to 338 samples obtained under the Sale of Food 
and Drugs Acts. 

Table IT. 



Maxi- 

mum. 

Mini¬ 

mum, 

Average. 

Moisture . 

JO-9 

9-0 

101 

Ash .... 

6 -GO 

3-14 

5-26 

Ash soluble in 
water 

2-89 

2-0 

2-52 

Ash insoluble in 
water, soluble in 

HCI . . . 

3-21 

0-74 

216 

Ash insoluble in 

HCI . . , 

1-02 

004 

0-58 

Organic matter . 

87*1 

82-8 

83-7 

Organic matter 

xM9 . . . 

103-6 

98*5 

99-7 

Acetic acid insol¬ 
uble .... 

80-4 

76-0 


Water extract 

18*2 

11-8 

12-8 

Mcthyluted spirit 
extract (J*4g. in 
70c.c.) . . . 

71 

4-3 

5-9 

90% alcohol ex¬ 
tract 

7-3 

5-0 

0-4 


Essential Oil {v. Ginger, Essential oil of). 
—^This is best determined by the method of 
Cocking and Middleton {v. this Vol. p. 8 a). 

Fixed Oil .—Determinations by Garnett and 
Grier (Pharm. J. 1909, 83, 159-160) give the 
gingerol els from 1*1 to 2 - 2 %. 

I The composition of gingerol has been investi¬ 
gated by Lapworth, Pearson and Royle (J.C.S. 
1917, 111, 777), who found the pungent principles 
of ginger to be a mixture of satm'ated phenolic 
compounds derived from a residue of zingerone 
[v. infra) in association with a molecular pro¬ 
portion of the residues of saturated aliphatic 
aldehydes. 

Zingerom .—Nomura (ibid. 1917, 111, 769; 
Sci. Rep. T 6 hoku, 1925, 14, 143) has prepared 
from ginger, also Lapworth and Wykes from 
gingerol (J.C.S. 1917, 111, 790), a ketonic body, 
zingerone, the yield amounting to about 0*04% 
of the ginger, to which both publications agree in 
assigning the formula C 12 H 14 O 3 , the constitu¬ 
tion of the ketone being 

OMe 

MeCOCH,CH,<^^^^OH 

Zingerone may be obtained in 76% yield by 
the reduction of 4-hydroxy-3-methoxy-8tyryl 
methyl ketone by sodium amalgam in aqueous 
solution. It forms colourless needles, rhom- 
bohedra, or lustrous plates, m.p. 40-41® 


Table III.— Showing Results of Analysis of Adulterated Gingers. 



Total 

ash. 

Ash 

soluble in 
water. 

Ash 

insoluble 

In HCI. 

Alcohol 

(90%) 

extract. 

Cold-water 

extract, 

%. 

Exhausted ginger from English 
ginger-ale works ^ . 

212 

0-59 

018 

4-88 

6-15 

Exhausted ginger from extract 
works ^. 

505 

3-65 

1-60 

1-62 

16-42 

Exhausted ginger ^ ... . 

300 

1-80 

0-34 

6-6 

6-6 

Exhausted ginger ^ ... . 

2-68 

1*62 

0-28 

6-0 

7-1 

Added chalk and sand ^ . 

15-74 

2-20 

1-38 

6-9 

12-6 

Added chalk and sand * . 

7-64 

2-12 

1-24 

— 

12-7 


I Winton, Ogden and Smith, from Leach, '* Food Inspection and Analysis,’' p. 463, 1W20. 
® Liveraeege, Bagnall and l^errigo, Yearbook of Pharmacy, p. 469, 1926. 
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(Nomura), and has the odour of salicylaldehyde 
and the pungent taste of ginger. It dissolves 
easily in most organic solvents, except light 
petroleum, but is sparingly soluble in water, 
and is only slightly volatile in steam. Warmed 
with concentrated mineral acids the mixture 
shows a striking series of colours changing from 
faint yellow to brown, and then deep purple; 
on adding alkali it becomes blue, green, and 
finally colourless. Zingerone gives a red colour 
with Millon’s reagent, dissolves to a green 
solution with alcoholic ferric chloride and re¬ 
duces ammoniacal silver nitrate. Gingerol and 
capsaicin (q.v.) are both derivatives of guaiacol 
and are related to vanillin, but whereas the 
pungent gingerol is hydrolysed by alkalis, yield¬ 
ing products, which possess no pungency, the 
pungency of capsaicin is unaffected by alkalis. 
In addition to zingerone, Nomura finds in 
Japanese ginger a pungent principle shogaoly 
C 17 H 24 O 3 , b.p. 231-238°/15-5 mm.; sp.gr. 

1-0448/25°, containing a methoxyl, a hydroxyl 
and a ketonic group. 

Nomura and Tsurumi (Proc. Imp. Acad. Japan, 
1027, 8 , 169) have synthesised shogaol by the 
condensation of zingerone and normal hexalde- 
hyde, and they state that its structure is j3-4- 
hydroxy-3-methoxyphenylethyl n-heptenyl ke¬ 
tone. Nomura and his colleagues have en¬ 
deavoured to establish on what constitutional 
factors the pungency of the principles in ginger 
is due and to this end have prepared a large 
number of homologues of zingerone (Sci. Rep. 
Tdhoku, 1918, 7, 67; 1926, 14, 127, 131, 144, 
149; 1927, 16, 663, 665, 681, 689; 1928, 17, 
(593, 696, 703, 707, 973; 1929, 18, 661; Bull. 
80C. chirn. 1925, [iv], 37, 1245; Proc. Imp. Acad. 
Tokyo, 1926, 2, 229; 1927, 8. 169). Most of 
the derivatives prepared are pungent. 

Adulteration .—The only form of adulteration 
to which whole ginger is subject is the addition 
of, or substitution by, ginger from which more or 
less of the strength has been removed by ex¬ 
traction with dilute alcohol or water, in the 
manufacture of ginger beer, etc.; or with 
strong alcohol for the preparation of the essence 
or tincture. Ground ginger may be adulterated 
by the addition of foreign starches—^wheat, 
maize, rice or turmeric; and, in the past at all 
events, cayenne pepper and turmeric have been 
employed to restore the pungency and colour 
where these have been reduced by the practices 
already referred to. 

Mineral matter, especially calcium carbonate, 
calcium sulphate and sand may also be present 
in excess, owing either to their deliberate 
addition or to their too liberal employment in 
the preparation of the article. 

Ginger preparations have been adulterated 
with tri-o-tolyl phosphate, ethylene glycol and 
rosin oil, the first-named of which has caused 
paralysis among those who have taken it (Peter 
Valaer, J. Amer. Pharm. Assoc. 1930, 19, 948). 

Detection of Adulteration .—^The detection of 
exhausted ginger in small proportion is at 
present impossible, and even when the amount 
is substantial the problem is by no means an 
easy one, because the constituents which are 
removed by extraction with alcohol and water 
occur in widely varying proportions, even in 


different samples of the same kind of ginger, 
while, in the case of different kinds, the varia¬ 
tions are more marked. Tables 1 and III 
show this and also the changes in composition 
brought about by the processes of extraction as 
commercially carried out. 

The most useful determinations for the detec¬ 
tion and estimation of exhausted ginger arc the 
ash soluble in water, the alcoholic extract after 
extraction with ether, and the cold-water ex¬ 
tract, and these may with advantages be supple¬ 
mented by the light petroleum extract or the 
methyl alcohol extract and a determination of 
the potash. Microscopic examination is of no 
assistance and the taste and smell of the sample 
are of limited utility on account of the great 
variations in strength of the different kinds of 
ginger. 

No legitimate manufacturing operation affects 
the analytical results sufiiciently to cause any 
trouble, but it must be borne in mind that the 
method by which the sample has been extracted, 
and of wdiich the analyst is usually ignorant, 
considerably affects the analytical results. 
(For the effect of exhaustion with alcohol of 
different strengths, see Liverseege, Pharm. J. 
1896, [iv], 2, 112, and for information as to 
methods of extraction actually employed by 
ginger beer manufacturers, etc., see Dyer and 
Gilbard, Analyst, 1893, 8 , 200.) 

The starchy substances likely to be added to 
ginger may be detected by the microscope. The 
unsymmetrical cross observed when ginger starch 
is viewed under polarised light distinguishes it at 
once from wheat starch. 

Capsicum may be detected by the test sug¬ 
gested by Garnett and Grier (Pharm. J. 1901), 
[iv], 29, 441), based on the fact that the pungent 
flavour of gingerol is destroyed by heating with 
alkalis whereas that of capsicum is not. 

Standards .—The British Pharmacopeia, 1932, 
requires unbleached Jamaica ginger to be used 
for official purposes and further reqxiiroa alcoholic 
extract (90%) not less than 4-6%, cold-water 
extract not less than 10 %, ash not more than 
6 % and water-soluble ash not less than 1*7%. 

T. McL. 

GINGER, ESSENTIAL OIL OF. The 

oil distilled from the rhizome of Zingiber 
officinale Roscoe (Fam. Zingiberacea?.), indigenous 
to tropical Asia and cultivated in India, Java, 
West Indies, Japan and Sierra Leone. The 
most highly esteemed is the Jamaica variety, 
where the fibrous roots are removed and the 
rhizome carefully peeled and scraped and 
bleached in the sun. The yield of oil is from 
1 to 3%. The oil is light yellow in colour and 
has no pungent taste. The pungent principles 
of ginger are not volatile in steam. 

Constituents .—The main constituent is the 
sesquiterpene zingiberene which boils at 269- 
270°. Caraphone and phellandrone and traces 
of citral and cineole have been detected. In 
addition the oil contains a Bcsquiter}>ene alcohol 
zingiberol. 

Characters. —Sp.gr. 0-876~0-886 at 15-6°, 
[a]p -20° to ~50°, 1-488-1-495, ester value 

1-12, after acetylation 30-50. 

C. T. B. 
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GINGEHGRA8S, ESSENTIAL OIL OF. 


GINGERGRASS, ESSENTIAL OIL 

OF. The oil distilled from Cymbopogon 
warlini (var. Sofia) Stapf (Fam. Grarainea^), an 
Indian grass closely allied to Cymbopogo7i 
martini, var. motia, which yields palmarosa 
oil. Large areas of gingergrass occur in the dense 
forests of Melghat, in the Pimpalner and 
Nandurbar Ranges of the Khandesh district and 
other ranges of the Nasik district. The oil has a 
characteristic odour similar to, but quite distinct 
from, that of palmarosa oil. 

Constituents .—The oil contains phellandrene, 
dipontene and d-limonene, gcraniol, perilla 
alcohol and traces of carvone. 

Characters. —Sp.gr. 0-900-0-950 at 
[a]p —29° to +22°, ester value up to 30, after 
acetylation 130-200. Soluble in 3 volumes of 
70% alcohol. 

C. T. R. 

GINGEROL V. Gikger. 

GINKGO, the fruit of Ginkgo biloba, the 
maidenhair tree of Japan. The yellow plum¬ 
like fruit affords a somewhat bitter-flavoured but 
nourishing food. Langley (J. Amer. Chem. Soc. 
1907, 29, 1513) gives the composition of the 
kernels as HgO 15-7, protein 110, fat 2-4, 
starch 67-2, pentosans 1*3, other carbohydrates 
8-7, fibre 0 * 8 , ash 2-9%. The protein consti¬ 
tuents include a globuline, ginkgoin, represent¬ 
ing 60% of the total nitrogen, an albumin, a 
protamine and a glutelin. Furukawa (»Sci. 
Papers Inst. Phys. Chem. Res. Tokyo, 1934, 
24, 304; 1935, 26, 178) obtained from the fruit 
ginkgol, C 21 H 34 O, and bilobal,& 3:5-dihydroxy- 
pentadecenylbenzene. According to Furuichi 
(Bull. Tottori Higher Agric. School, 1928, 1, 
105) the ash of the fruit consists of KjO 40*6, 
Na^O 8-4, CaO 4-8, MgO 7-7, FegOa+AlgOg 
3-7, PoOg 21 - 6 , SO3 8-3, SiOo 4-9%. 

A. G. Po. 

GIRARD^S REAGENTS.— Girard’s re¬ 
agent T is the chloride of trimethylacethydra- 
zide-ammonium chloride, 

CI[NMe3CH2CONHNH2,] 

whilst the reagent P is the corresponding pyri- 
dinium-compound; they are colourless crystal¬ 
line compounds of (corr.) m.p. 192° and 200° 
respectively. Reagent P is less commonly used, 
but has the advantage of not being hygroscopic 
and is more suited to industrial uses. 

The reagents are prepared by treating ethyl 
chloroacetate with trimethylamine or pyridine 
in alcoholic solution; the betaine so produced 
is treated in situ with hydrazine hydrate (Girard 
and Sandulesco, Helv. Chim. Acta, 1936, 19, 
1095). 

The reagents combine with aldehydes and 
ketones in presence of acetic acid, forming sub¬ 
stituted hydrazones which are water-soluble and 
are stable for at least 24 hours at pn 6*5-7 and 
at low temperatures ; the ketonic derivatives are 
rapidly hydrolysed by mineral acids in the cold 
with liberation of the ketone, but derivatives of 
aldehydes are stable under these conditions and 
are only hydrolysetl on heating with high con¬ 
centrations of mineral acids, preferably in the 
presence of formalin. This provides a ready 
means of distinguishing the aldehydic from the 
ketonic constituents of a mixture. 


Alkyl methyl ketones react almost instan¬ 
taneously, aryl methyl ketones more slowly and 
diaryl ketones only with great difficulty and on 
prolonged heating. Cycho ketones react more 
slowly than alkyl methyl ketones, whereas a)3- 
unsaturated ketones react very readily, but 
the compounds formed are somewhat difficult to 
hydrolyse; the formation of products of addition 
of the reagent to the double bond has not been 
observed. Steric hindrance exercises the same 
effect as in the formation of semicarbazonos; 
thus, dimethylcamphor docs not combine with 
either reagent T or P. 

The reagents are particularly suited to th(^ 
isolation of small amounts of ketones contained 
in various natural products, as, for example, of 
oestrone from urine (Girard and Sandulesco, 
l.c.) and of the hormones of the suprarenal gland 
(Reichstein, J. 1107). 

In practice, the ketonic material dissolved in 
alcohol containing 10% of acetic acid is heated for 
30-60 minutes with the reagent in slight excess, 
the volume being adjusted to give a 10% (or 
5%) solution of the reagent. The cooled solu¬ 
tion is diluted with ice water containing enoiigh 
alkali to neutralise nine-tenths of the acid, 
the solution remaining acid to Bromothymol 
Blue and containing 10-20% of alcohol. It is 
extracted with a non-hydroxyhe solvent such 
as ether, which does not dissolve the compounds 
formed, and the latter are then decomposed by 
tlie addition of mineral acid up to a concentra¬ 
tion of 0*5^^. 

G. A. R. K. 

GIROFLE(r. Vol. I, 577a). 

GITALIN {v. Vol. II, 384c). 

GITOXIGENIN(v. Vol. 11, 382). 

G I TOXIN {v. Vol. II, 3846). 

GLASERITE {v. Vol. I, 450c). 

GLASS. Historical. — Excavations in 
Egypt and Mesopotamia have yielded fragments 
that suggest that the peoples of these lands had 
some knowledge of glazes, if not of glass as such, 
as far. back as 3000-4000 B.c., and a thousand 
years after this a good deal was known about the 
making and manipulation of glass. The oldest 
piece discovered is stated to be a “ pearl,” 
9 X 5*5 ram., from a grave in Thebes of c. 3500 b.c. 
Sir Flinders Petrie gives the date of the earliest 
glassmaking as 1600 b.c. and certainly bye. 1500 
B.c. a fairly high standard of technique had 
been acquired in the making of ” pearls,” some 
of which were engraved, and small vessels, these 
being made by coating a core of clay and sand 
with glass and then removing the core. The 
oft-quoted tale of Pliny that the discovery of 
glassmaking was made by certain Phoenician 
travellers who used a bag or bags of alkali as a 
support for a cooking fire in the desert is not now 
credited, Babylonia being considered by Sir 
Flinders Petrie to be the home of the art. Al¬ 
though remarkable as an achievement, early 
work wa.s crude, but w’hen the use of the blow¬ 
pipe was discovered, probably in Sidon (c. 30 
B.C.), a great leap forward was made. Sixty 
3 ^ear 8 later, workmen from Alexandria were well 
established in Rome and turning out filigree, 
mosaic and engraved work, and coloured glass 
was also known by this time. The Portland 
Vase, with designs in white on a deep blue base, 
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iKdonga to tho period of A. Severus a.i>. 230. 
EvidoiK^e of tho use of window glass has been 
discovered in tho ruins of Pompeii, destroyed 
c. A.D. 70, and it is mentioned by L. A. ].». 
Pirmianus in 290, whilst St. Jerome alludes to 
east “ plate ” glass in this connection. There 
was a colourless window in a Constantinople 
church by 450, and tho first decorated one was 
in the Lateran Church in Rome in 795. A small 
amount of glassmaking may have been carried 
on in Britain during tho Roman occupation 
though conclusive proof of this is not available. 
In tho thirteenth century, the centre of the art 
moved to Venice, where, at Murano, the in¬ 
dustry flourished under hJtate protection until 
it was killed by the rise of the English lead 
crystal-glass towards the end of the seventeenth 
century. The privileged position of the Corpora¬ 
tion of Glassmakers in Venice was such that 
nobles could without loss of rank marry 
daughters of glassmakers. Heavy penalties 
were incurred by Venetian glassmakers who 
wont abroad and taught their art to foreigners. 
The earliest reference to English glass is to some 
supplied in 1240 for Westminster Abbey by 
J..aurence Vitrearius de Dunkshurstlonde, and 
another, not very complimentary, is in 1439, 
when the Countess of Warwick prescribed that 
no English glass should be used in the w'indows 
of tho Beauchamp chapel at Warwick. The 
use of coal in 1610 by Thomas Percival and in 
1635 by Sir Robert Mansell, who obtained a 
monopoly for this, and the development of lead 
crystal-glass by George Ravonseroft in 1675 
led to the rise of the English branch of the art. 
W^orkers were introduced from Venice and 
decoration by cutting was practised by others 
brought from Bohemia and South Germany at 
the beginning of the eighteenth century. Th(‘ 
brilliant effect produced on lead glass by cutting 
contributed to the decline in demand for the 
Venetian ware. In 1696 there was a vigorous 
industry distributed according to Houghton 
(Ijotters) as follows: making bottles, 39 
factories; flint, green and ordinary glass, 27; 
window glass, 15; crown glass and plate, 5; 
looking glass plate, 2. London was the chief 
centre of development, whilst Newcastle-on- 
Tyne was probably next in order of importance. 

The first large English factory for making cast 
plate glass was erected near Prescot in 1773, 
though the process as we know it originated 
with Lucas de Nehou in France in 1688. English 
pressed glass, first made in 1810, was another j 
blow to Continental makers. Progress from 
this time w as connected more and more with the 
mechanisation of the trade. The first practical 
bottle-blowing machine was invented by Ashley 
and Arnall (B.P. 8677 of July 2nd, 1886), and this 
led in 40 years to the most revolutionary changes 
in metrhods. The application by Frederic Sie¬ 
mens in 1856 of the principle of regeneration to 
wavSte-hcat recovery, modified furnace-design, 
and 12 years later mass-production methods 
went forw^ard again, w^hen he built a tank furnace 
instead of a pot furnace, as had been the practice 
hitherto. This enabled melting and working to 
go on simultaneously, so that production could 
be maintained for 24 hours per day. 

In the flat-glass industry, much progress has 


been made in tho ))a8t 40 yt'ars. The Lubber’s 
method developed from th(‘ old mouth-blown 
cylinder process, good though it was, has been 
entirely superseded by others in w^hich the sheet 
is drawn continuously either straight up, or else 
first upwards and then horizontally, by suitable 
mechanism (see later). In tho application of 
machines to glassmaking generally, America 
has played a predominant part, although tho 
basic idea in several eases was British. No 
glassmaking of note was carried on in America 
before 1809. 

The application of scientific methods to glass 
manufacture may be said to begin, not with 
Abbe and Hc'hott as is usually claimed, but 
with the Rev. Vernon Harcourt, some years 
earlier. In 1834 ho earried out a considerable 
amount of wT)rk on the relation of glass com¬ 
position to i)hy8i(‘al properties and showed 
the value of borate and phosphate glasses for 
optical purposes. Michael Faraday also gave, a 
good deal of attention to optical glass, and 
realised quite w ell the need for making expc'ri- 
mental meltings in platinum vessels and for 
stirring carefuJly to ensure homogeneity suffi¬ 
cient to arrive at optical constants. Abbe and 
►Schott carried on similar work later, and 
founded in 1884 with Zeiss the famous Jena 
works, from which came, as a result of their 
collaboration, thermometer glass, heat and 
chemical-resistiiig glass, and those newer 
optical glasses that have made possible greatly 
improved microscjopc lenses (apochromat-s) and 
the fast modern photographic objecti\'es. (_)n 
the practical side, however, the father of the 
optical glass, industry may be regarded as 1^. ii. 
Guinaud, a Swiss, who with Fraunhofer and 
IJtzschneider in Munich produced lens(‘s larger 
than any made hitherto. As early as 1790 he 
introduced the pro(r(‘.88 of stirring glass in order 
to obtain homogeneity. 

As the result of the w^ar (1914-18), glass¬ 
making has developed in a number of new 
centres. In both Great Britain and America 
chemical glassware superior to the German pro¬ 
duct has been produced, and marked progress 
has been made in England in optical glass of 
high quality. Japan has built up an extensive 
glass manufacture, and India is making deter¬ 
mined efforts to organise on a better footing the 
numerous small factories catering for local needs. 
In South Africa, Brazil, the Argentine and 
Australia, considerable development has taken 
place in recent years. Australia in particular 
among tho overseas members of the British 
Commonwealth is rapidly becoming almost self- 
supporting in her glass production. Russia is 
another country in which very great expansion 
and modernisation of the industry has taken 
place during tho last twxmty years. 

Definition. —Owing to its complexity and to 
the large number of possible varieties, glass 
cannot be brought adequaUiy within the 8i‘o{)e 
of a single or simple definition. It may be de¬ 
fined as an amorphous, hard, brittle substance, 
usually transparent, but sometimes translucent 
or even opaque, breaking with a conchoidal 
fracture and consisting of a material obtained 
by the fusion of one or more of the oxides, 
silica, boric oxide, phosphoric oxide and th§ 
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mctalJit^ oxides, followed by sufficiently rapid 
cooling of the fused mass to prevent crystalli¬ 
sation of the components. The glass may be 
colourless or may be coloured either by one or 
more of the constituent oxides or from the effect 
of neutral bodies such as carbon, sulphur and 
selenium. According to the definition, glass, 
l>eing amorphous, will be isotropic. There are 
some substances, however, which, in certain 
optical instruments, servo as glasses but are 
anisotropic in character, and have properties 
differing in the directions of their crystallo¬ 
graphic axes. Such crystalline substances in 
common use are quartz and calcspar, or Iceland 
spar. 

Most glass technologists regard the term glass 
as denoting a state rather than any given sub- 
stance, and of course many normally crystalline 
substances like felspar and quartz can be con¬ 
verted by fusion into glasses, and back from 
glasses to the crystalline state by suitable heat 
treatment. Developments in what have come 
to be called Synthetic Plastics have led to some 
extension of the field covered by the term 
glass. The two materials inorganic (or pyro- 
gerii(^) and organic glasses (“ plastics ”) each 
have their own sj)ecial fields of economic use¬ 
fulness and only compete over a very narrow 
range. 

Properties of Glass. —From their mode of j 
preparation, ordinary glasses must be considered 
as mixtures of compounds, usually of silicates, 
but also of borates and, in rarer cases, of phos¬ 
phates and arsenates. A study of the freezing 
point curves or equilibrium diagrams of binary 
and ternary mixtures of silica with other basic 
oxides has been the most fruitful source hitherto 
of our knowledge of these compounds probably 
present in silicate glasses {see, for example, 
llilport and Weiller, Ber. 1909, 42, 2969 ; 1910, 
43, 2565. Day and Shepherd, J. Amer. Chem. 
Hoc. 1906, 28, 1,089. Rankin and Merwin, ibid. 
1916, 38, 668 . H. S. van Klooster, Z. anorg. 
Chem. 1911, 69, 122 , 127. Shepherd, Rankin 
and Wright, Amer. J. Sci. 1909, 28, 293. 
Rankin and Wright, ibid, 1915, 39, 1. Fer¬ 
guson and Merwin, Amer. J. Sci. 1918, 46, 617. 
Morey and Bowen, J. Phys. Chem. 1924, 28, 
1167; J. Soc. Glass Tech. 1925, 9, 226. 
G. W. Morey, F. C. Kracek and N. L. Bowen, 
J. Phys. Chem. 1929, 33, 1857; J. Soc. Glass 
Tech. 1930, 14, 149; ibid. 1931, 15, 57. F. C. 
Kracek, J. Phys. Chem. 1930, 34, 1583, 2461). 
Wallace (Trans. Ceram. Soc. 1909-10, 9, 172) 
and others have claimed that some of these sili¬ 
cates, such as sodium and barium metasilicates, 
lithium and sodium metasilicate and sodium 
aluminium trisilicate and calcium aluminium 
trisilicate (albite and anorthite) form continuous 
series of solid solutions; and certain others, 
such as lithium and calcium metasilicates, are 
soluble only to a limited extent in the solid state, 
but their work has been questioned. 

On rapid cooling, the viscosity of the mass 
increases greatly and the mixture at length sets, 
not at any definite temperature, but over an 
interval which is not easy to define with pre¬ 
cision. On reheating, it also softens gradually, 
and has no melting-point. Accordingly, the 
commonly prevailing view is that ^lass is to be 


regarded as a super-cooled liquid of extremely 
high viscosity. It is the high viscosity which is 
the most important factor in preventing the 
separation in the crystalline form of the com¬ 
pounds present, although it has been suggested 
that even in apparently transparent glasses, 
incipient crystallisation may exist, thus explain¬ 
ing, for example, the phosphorescence of fused 
zinc silicate and bringing glass into line with the 
behaviour of certain other amorphous sub¬ 
stances, such as sulphur, which tend to revert 
to the stable crystalline state {see Jackson, J. Soc. 
Arts, 1919; S. C. Bradford, J. Soc. Glass Tech. 
1919, 3, 282). 

W. H. Zachariasen (J. Amer. Chem. Soc. 1932, 
54, 3481; Phys. Rev. 1932, 39, 185), B. K. 
Warren (J. Amer. Ceram. Soc. 1934, 17, 249; 
1935, 18, 209) and others, as a result of X-ray 
studies of simple transparent glasses, suggest 
that the random-network theory of distribution 
of the atoms in glass gives the best explanation 
of its behaviour. They are reluctant to admit 
the possibihty of definite compounds occurring, 
whilst other workers, finding marked breaks 
in the physical property-composition curves, 
claim these as evidence of the occurrence of such 
compounds, leading to the view that molten 
glasses are solutions of the compounds cha¬ 
racterised by the equilibrium diagram for the 
particular system. In certain cases, e.g. opal 
and ruby glasses, X-ray evidence is quoted as 
proof of definite substances being present, N a F 
and CaFg in opal glasses, and CdSe in selenium 
rubies (J. W. Ryde and D. E. Yates, J. So(',. 
Glass Tech. 1925, 9, 226; H. P. Rooksby, ibid. 
1932, 16, 171). 

The general statement made above, in regard 
to the setting and the softening of glass, is not 
intended to imply that these processes are 
absolutely continuous. A. Q. Tool and J. 
Valasek (Bureau of Standards Papers, 1920, 
No. 358), indeed, have shown that there is 
distinct discontinuity in the heating curve of a 
glass when softening begins, due to shght heat 
absorption, and a corresponding heat evolution 
on cooling. 

Although ordinary glebsses consist of mixtiires 
of compounds, the properties of glasses can, with 
a considerable degree of success, be referred to 
the influence of the constituent oxides or added 
substances; indeed, in some properties there 
appears to be an additive relationship, as in the 
case of the density and the coefficient of ex¬ 
pansion of sodium-calcium silicate glasses which 
are of similar molecular type. It must be 
stressed, however, that the use of relationships 
involving “ factors ” for the oxides present in 
the glass is liable to give calculated results at 
variance w ith values determined experimentally 
if the composition involved differs in type from 
those from which the factors wore deduced. 
G. Gehlhoff and M. Thomas (Z. tech. Physik, 
1926, 7, 105, 260) gave a series of factors for 
each oxide studied in their simple glasses in an 
attempt to correct for the fact that a change 
in amount of a given oxide from, say, 2-3%, 
does not produce the same alteration in proper¬ 
ties as one from 7 to 8%, but their data still lead 
to values very far from the truth if indis¬ 
criminately applied, The following important 
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proi)erties arc discussed mainly on the basis of 
the effect of the constituent oxides. 

Durability. Resistance to disintegrating 
agents such as water, aciueous solutions of 
salts, acids or alkalis, atmospluu’ic moisture 
and dust must be possossed by a glass if it 
is to be capable of service. Rorato glasses and 
phosphate glasses, whilst possessing valuable 
optical properties, have hitherto been little 


used owing to instability in the presence of 
weathering agents. 

Tests for Durability may be made on the glass 
in the form of grains or on the glass article as 
such. In the latter case such factors as thti 
nature of the surface? and the ratio of surfae.’c (im¬ 
posed to the volume of attacking liquid become 
important. The many varieties oi powder test 
are indicated in Table J. In all such tests the 


Table I.— Comparison of Experimental Details of Powder Methods for 
Determining Ditrabilitv. 


Author or mothod. 

Duration 

of 

hratinn 

(hours). 

Quantity 
of glass 
powder.* 

Grain size 
min. 

Jlatio of 
limiting 
grain 
sizes. 

Vol. 

H.,0 

(ml.). 

Temp, 

"G. 

Mylius ' . . . . 

6 

20 g., d. 2*584 

0*57-0*73 

1:1*28 

70 

Boiling. 

Keppeler* ^ . . . 

5 

20 g., d. 2*584 

0*62-0*73 

1:1*18 

70 

Boiling. 

Peddle ^ . . . . 

1 

5g* 

<c. 0*08 

1 : 00 

100 

80 

Tiu-ner ^ . 

1 

5g. 

0*5-0*8 

1 :1*6 

250 

Boiling. 

Turner ® . . . . 

1 j 

10 g. 

0*5-08 

1 :1*6 

500 

Boiling. 

Keppeler and Ippach ® 

6 

20 g., d. 2*584 

0*116-0190 

1:1*76 

100 

Boiling. 1 

Fischer and Tcpohl ^ . 

3 

1 c.c. 

()• 15-0*30 

1:2 

60 

80 : 

Enss 8. 

7 

18 g., d. 2*54 

0*5-1 *0 

1:2 

100 

100 i 

German ® . . . . 

6 

10 g., (1. 2*5 

0-3-0-49 

1:1*63 

100 

100 

American No. 1 

4 1 

10 g., d. 2*5 

0*3-0*49 

1:1*63 

50 

90 i 


* Where a density figure ia given the glass weight 
is to bo corrected to give the standard volume of glass 
If of different density. 

1 Ber. 1889, 22, 310. 

2 " Dio Glasfabrikation,” 1931. 

® J. Soc. Glass Tech. 1920, 4, 30, 

* Private coiniuunication. 


f J. Soc. Glass Tech. 1922, 6, 30; 1926, 10, 304. 
® Sprechsaal, 1927, 60, 239. 

’ Glastech. Ber. 1926, 4, 137. 

8 IM 1928, 5, 449. 

» J. Soc. Glass Teeli. 1928, 12 P, 12, 80, 104. 

^0 Bull. Amor. Ceram, Soc. 1935, 14, 181. 


grains should be of well annealed glass and 
should be freed from adhering fine dust by blow¬ 
ing with dry air and then washing with dry 
alcohol until no turbidity is produced, otherwise 
great difficulty will be experienced in obtaining | 
(concordant results (W. E. S. Turner and E. 
Winks, J. Soc. Glass Tech. 1926, 10, 102). A j 
boiling test has been specified by the Glass 
Standards Committee of the Society of Glass j 
Technology for containers in the form of 4 oz. 
medical bottles (ibid. 1931, 15 P, 52) and results 
of its application described by W. E. S. Turner, 
H. S. Blackmore, V. Dimbleby, H. S. Y, Gill, 
H. W. Howes an(l W. J. A. Warren (ibid. 1936, 
19, 171). The results of durability tests are 
generally specified either as percentage loss in 
weight or as Na 20 liberated in mg. per sq. dm. 
or per sq. cm. for surface tests and as Na 20 % or 
total NagO extracted in powder tests. For flat 
glass, e.g. window glass, twin colls are built up by 
G. Koppeler of three plates and two separators 
held together to make tight joints and the attack¬ 
ing liquid is placed in the two cells. For glasses of 
low durability the method of F. Mylius (Z. Instru- 
mentenk. 1888, 8 , 267) uses a solution of 0-6 g. 
of purified iodeosin in a litre of ether free from 
acid decomposition products to attack a freshly 
broken surface for 1 minute. After rinsing in 
dry ether, the precipitated dye is washed off 
with 0 - 1 % Na 2 C 03 solution and is deter¬ 
mined colormetrically against a standard solu¬ 
tion containing 0*01 mg. iodoesin per ml. On 
this basis Mylius divided glasses into five 


“hydrolytic classes” 7 ^ 5 precipitating 0 * 00-0 06 
0-05-0-1, 0'l-0-2, 0-2-0-4 and 0*4-0*8 mg. 
iodoeosin per sq. dcm. respectively. The 
figures for solution from hollow ware of the live 
classes were, at 80^ 0-00-4) 02 , 0 - 02-0 06, 0*061- 
0*202, 0*202-0*809 and >0*809 mg. per sq. dcm. 
The test does not work so well with borosilicate 
or glasses containing BaO, PbO or ZnO. A 
qualitative test that on the Continent has been 
considered as a quantitative one is that described 
by L. Kroebor (Chem.-Ztg. 1914, 38, 1196) 
using 0 * 1 % solution of narcjotine hydrochloride 
(^ee also J. Soc. Glass Tech. 1923, 7, 122). The 
quantity of alkaloid precipitated depends on the 
amount of alkali b berated by the container. 

For testing ampoules a British Pharmacopoea 
Sub-Committee specify a powder test and one 
carried out on the ampoules themselves. The 
latter consists of filling the ampoule with a solu¬ 
tion of Methyl Red containing 8*3 ml. of 0*02 
iV^-HCI per litre, prepared according to precise 
directions, sealing and heating in steam to 
1 atm. pressure for 30 minutes, cooling and 
inspecting. The colour of the indicator must 
not have changed to the full yellow. 

The results of powder tests are given in Fig. 1 
after V. Dimbleby and W. E. S. Turner (l.c.) 
which compares the behaviour of various oxides 
on a molecular basis and in Fig. 2 after J. Ensz 
(Glastech. Ber. 1928, 5, 1 ) on a weight i>er cent, 
basis. The effect of container-size on results 
of the 5 hour boiling test for medical bottles 
I (l.c.) is apparent from the following table. 
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Effect of Container Size on Dttrabimty 
Figfres from Boiling Test. 




Alkali liberal 

ed. 

Siz(‘ 

(oz.). 

Ai'ra 
(s(L cni.) 
('upacit.v 
(ml.) 

Total 

m«. 

Na.,0. 

Mk. Na.p 
per .sq. cm. 

Mk. Na.^O 
per mi. 
water 
in test. 

1 

21 

0-77 

0-013 

0-027 

<•> 

1'73 

l•2() 

0-012 

0-021 

4 

1-32 

210 

0-013 

0-018 

b 

M8 

2-(>5 

0-013 

0-015 

8 

1*08 

3-21) 

i 0-013 

0-014 

12 

0-94 

4-30 

0-013 

0-012 

10 

()-82 

4-40 

0-012 

0-009 

20 

o-7r> 

5bb 

1 

0-013 

0-009 



Fig. 1.—Effect of Various Oxides on 
Durability of Glasses of General Tyre 
(Molecular) 6Si02(2-~a:)Na20-;fR0. 

The percentage composition of various bottle 
glasses (4 oz. medical bottle test) are given 
below : 


Oluss. 

1 

SiOg. 

82 ^ 3 - 

CaO. 

NagO. 

B 2 O 3 . , 

1 

Alkali 

ex¬ 

tracted, 

mg. 

NajO. 

A 1 

74-7 * 

0-3 

9-5 

14-9 

_ 

2-07 

B 

73-3 i 

0-8 

7-0 

10-2 

0-7 

1-76 

C 

71-5 

1-2 

8-8 

17-7 

0-25 

3-7 

D 

72-0 

0-5 

9-1 

17-5 

— 

3-9 


For the powder test ac!Cording to the metlK)d 
of Turner and co-workers, liottles should give 
losses of not more than d 27% with alkali ex¬ 


tracted not more than 0-15% ; highly resistant 
glasses such as chemical ware not more than 01 
and 001% respectively, and lamp-working 
glass(‘s for (jrdinary purposes not more than 0-3 
and 01%. Glass tube used for neon signs 
needs to be considerably more durable. Com¬ 
parative values for various types of glass are 
shown in Table 11. 

Table JI.—Comparative Durabilities 

(Powder Method) of Various Types 



OF 

Water, 

loss. 

Gla.ss. 

Con¬ 

stant 

boiling 

HO, 

loss. 

o-r.w- 

Na^CO.,, 

loss. 

or)A- 

NaOH, 

loss. 

bottle glass, 

jjtxxl 

O-OO 

0-08 

do;! 

1-42 

bottle glass, 

bad ... 

0-27 

O-LS 

1-78 

1-90 

Lead erysla! 
glass 

PbO) . . i 

0-31 

()'37 

2-10 

3-3(i 

Lead crystal 
glass (2.s‘,'o 
PbO) . . 

0-10 

0-20 

1 -08 

3-20 

Chemical ware 

0-02- 

()-0(V- 

0-22- 

1-0- 

Gauge glass 

tubing 

0-00 

()-()l- 

on 

0(1 


Ampoule tubing 

0-02 

0-01- 

_ 


_ 

Soft lampwork- 
tnbing . 

o-or. 

n-1 

- 

... 

~ 



Fig. 2.—Effect of Various Oxides on Dura¬ 
bility OF Glasses of Percentage (Weight) 
Composition 18Na20a;R0*(82-x)Si02. 

Boiler gauge-glasses and similar resistant types 
may be tested in an autoclave at several atmo¬ 
spheres pressure to obtain results within a 
reasonable time, but this method does not give 
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results for ordinary glasses in agreement with 
those of other methods unless the pressures 
used are very low. 

Viscosity is measured by the falling ball 
method (I. Masson, L. F. Gilbert and H. Buckley, 
J. Soc. Glass Tech. 1921, 6, 337; 1932, 17, 43; 
A. R. Wood, Ann. Physik, 1934, 21, 7G1), 
Margules rotating cylinder method (E. W. 
Washburn and G. R. Shelton, Univ. Illinois 
Bull. 1924, 12, No. 33; S. English, J. Soc. Glass 
Tech. 1924, 8, 205; 1925, 9, 83; Physical 

Rev. 1930, 36, 347) and by drawing out a plati¬ 
num wire at constant speed from the glass 
(V. 11. Stott, E. Irvine, II. Turner, Proc. Royal 


Soe. (London), 1920, A, 112, 499). ^"iscosities 
greater than 10® })oiso8 are measured by ob¬ 
serving the rate of deformation of a test piece 
under some force, e.g. torsion, extension under 
load (S. English, J. Soc. Glass Tech. 1923, 7, 25 ; 
H. R. Lillie, J. Araer. Ceram. Soc. 1931, 14, k)2). 
Much systematic work still needs to be done to 
amplify present knowledge. The effect on 
viscosity at 1,000° of replacing NUjO by CaO, 
MgO, AlgOgin the glass 2Na20-6Si02 is given 
by S. English as in Fig. 3, ancl the same worker 
{l.c. 1925, 9, 83) found in four component glasses 
derived from Na20 — CaO — SiOo glasses that 
various substitutes had the effects listed below. 


Kcplaccmcnt of 



Chanft(! ill viscosity. 



J.imit of 
applicability. 

i,40(r(L 

] ,:i00"C. 

1,200°C. 

1,100°C. 

1,000+;. 

000 c. 

i l%Na,Obyl%SiOj 

f 0-040 

+ 0-052 

+ 0-072 

4 0-083 

+ 0-101 

4012 () 

_ i 

: l%Na,Obyl%CaO 

4-0-080 

4 0-070 

4 0-062 

+ 0-056 

+ 0-052 

-f 0-048 

!)% CaO 

' 1% MgO by 1% CaO 

1 0-097 

+ 0-052 

4 0-000 

4 0-022 

+ 0-007 

-0-052 

1-5% MgO 

; l%Alj 03 by J%CaO 

0-034 

-0024 

4 0-010 

+0-025 

+ 0-090 

-1 0-20 

2% AI 3 O 3 : 


MagncHia replacing lime ]»roduces at tempt'ra- 
turcis between 800° and 1,400°C. a definite dc- 



Fig. 3.~Effect of Various Oxides on 
Viscosity op Glass. 


crease in viscosity to a minimum (in English’s 
series of glasses at approximately equimolecular 
amounts of MgO and CaO) and alumina re- 


pla(ung lime gave a steady rise in viscosity at 
1,400°, but a well marked drop to a minimum at 
1,000° and 800°, this being located at Od molr - 
cules AlgOg. For a comparison of ap])roximate 
viscosity values for different types of glass, see 
Table III compiled from the data of C. J^. Bab¬ 
cock (J. Amer. G(Tam. Soe. 1934, 17, 329; cf. 
H. L. Crook, .1. Soc. Glass Tech. 1939, 23, 82). 


Table III. —Viscosity. 


(ilass. 

1 

<> 

3 

4 

rj 

6 

SiOo . . 

72-(> 

07-3 

81-0 

75 

65 

(50 

BpOo 

fdaop 

K.,6 . . 

1-4 

•2-0 

130 

15 

— 

— 

1(5-0 

14-0 

4() 

r, 

7-5 

5 

0-7 

— 

— 

— 

7‘r> 

5 

MgO . . 

1-7 




— 

— 

CaO . . 

(5-4 

70 

— 


— 

— 

ZnO . . 


70 


— 

— 

— 

PbO . . 

— 

— 

— 

5 

20 

30 

AUO3 . 

1-0 

2-5 

- 

— 

— 

— 

If>(r 7j at 

X\ 

750 . 

(i-:j8 

(5-47 

j 




8,50 . 

5-.30 

5-01 

— 

— 

— 

— 

1,000 . 

4-05 

3-68 

_ 

— 

1 -22 

1-82 

1,100 . 

3-45 

3-05 

1-44 

1-25 

JOO 

1-54 

1,200 

2-82 

2 ,51 

1-27 

1-04 

0-77 

1-2J( 

1,300 . 

2-46 

201 

114 

0-87 

0-65 

Mi 


The deformation of glass under load is a func¬ 
tion not only of temperature but of time as 
shown by E. Zschimmer (Silikat-Z. 1914, 2, 129), 
w'ho found the cohesion temperature for two 
polished flat discs of glass fell from 611°C. for 
1 minute heating to the following values: 
.585° (20 minutes), 574° (50), 567° (100), 564° 
(180), 553° (840), 540° (1,440). Adopting a 
30 minute heating time, he found the cohesion 
temperatures of various optical glasses to be: 
flints 460-500°, silifiate crowns 3(K}"650°, boro- 
silicate crowns 350-600°, barium flints 600-650°, 
barium crowns 600-700°C. J. T. Littleton (J. 
Amer. Ceram. Soc. 1927, 10, 259) defined the 
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“ softening {>oint ” of a glass as that temperature 
at which a rod 9 in. long by 0*6 mm. diameter 
elongates under its own weight at the rate of 
1 mm. per minute when its upper 9-5 cm. of 
length is heated in an electric furnace. This 
corresponds with a viscosity of 4*5 X 10^ poises. 
The Joint Technical Committee of the Society 
of Glass Technology and the Deutsche Glas- 
technische Gesellschaft recommended that the 
maximum })oint Mg on the thermal expansion 
curve be taken as the softening j>oint. This may 
perhaps be regarded as the incipient softening 
point corresponding with a viscosity of 
poises. Morey (“ Properties of Glass,” London, 
Chapman and Hall, Ltd., 1939) considers 
Littleton’s definition agrees better with the 
usual conception of softening. 

Viscosity in Relation to Mavipnlation of 
Glass .—The rate of change of viscosity with 
temperature is very important in glass working. 
8oda-lime-silica glasses containing a high per¬ 
centage of hme (12-14% CaO) set very quickly 
as the temperature falls. They are thus suited 
to hand production of bottles and the drawing 
of sheet glass. Mechanical bottle production 
requires a glass with less rapid setting character¬ 
istics or a longer “ working range ” so lime is 
replaced by alkali and to some extent by mag¬ 
nesia whilst a little silica is sometimes replaced 
by alumina. Where complicated manipulation 
in hand processes is carried out as in making lead 
crystal-tableware, the very large working range 
of the potash-lead glasses is exploited. The 
temperatures corresponding to the following 
viscosity values are of importance in mani¬ 
pulation : 10^ e.G.S. units (average furnace 

working temperature), 10® C.G.S. units (lower 
limit of working range), and approximately 
10^3 C.G.S. units (the temperature at which 
a break occurs in the temperature-property 
curve). 

Surface Tension is of importance in several 
manufacturing processes, notably in the heating 
of thin walled vessels, e.g. melting off the caps 
of electric lamp-bulb blanks, sealing the pinch 
assembly into the bulb, fire-finishing tumbler 
edges. Most of the somewhat scanty and un¬ 
systematic work done has been by the drop- 
weight method which giyes rapid and com¬ 
parable rather than precise values (E. W. Tillot- 
son, Ind. Eng. Chem. 1911, 8 , 631; 1912, 4, 
651), but recently the bubble method has been 
used (F. M. Jaeger, Z. anorg. Chem. 1920, 101, 
1. C. W. Parmeloe and co-workers, J. Amer. 
Ceram. Soc. 1937, 20, 224, 236; J. Soc. Glass 
Tech. 1937, 21, 44; Univ. Illinois Bull. 1939, 
86, No. 311. G. Keppeler, J. Soc. Glass Tech. 
1937, 21, 63). Considerable discrepancy of 
results exists between observers. The best 
values for ordinary silicate glasses are around 
300 dynes per cm. The temperature coefficient 
is low, namely —0-01 to —0*04% per °C. Borate 
and lead glasses have a lower surface tension 
than alkali or alkaline earth silicates. 

Density or rather Specific Volume is an 
approximately additive property so that factors 
may be assigned to be used in the Winkelmann 
formula lOOID—VJdj+VJd^^ f etc., where D 
is the density of the glass, Pj, Pj, . . . the per¬ 
centage amounts of the constituent oxides and 


. . . the density factors assigned to them. 
The various factors deduced are given below. 


Oxide. 

Winkcl- 
inann and 
Schott. 


English 

and 

Turner. 

Tillotson. 

SiOg . 

2-3 

2-24 

2*2 

2-3 

B 203 . 

1-9 

— 

— 

— 

Na^O . 

2-6 

3*2 

3-47 

— 

K 2 O . 

2-8 

— 

— 


MgO . 

.3*8 

3-25 

3-38 

4-0 

CaO . 

3-3 

4*3 

5-0 

4-1 

ZnO . 

1 53-9 

— 

— 

— 

BaO . 

! 7-0 

—' 


— 

PbO . 

1 9-6 

— 

— 

— 

AI 2 O 3 . 

’ 4-1 

2-75 

2-75 

2-75 

P 2 O 6 . 

2-5.5 

— 

— 

— 

Li 20 . 


, 




J)eterminaiion .— (1) Displacement method of 
Ar<‘himedeH; (2) flotation of grains in mixcrl 
liquids adjusted until the grain neither sinks 
nor floats, followed by a determination of the 
density of the liquid (capable of high precision 
and applicable to very small amounts); (3) 
pyknometer method (liable to error from en¬ 
trapped air). 

Past thermal history affects the density. G. W. 
Morey and H. E. Merwin (d. Opt. Soc. Amer. 
1932, 22, 632) found that differences of O'OOO- 
O-Oll occurred between well annealed specimens 
and those which had been quickly cooled, the 
former having the higher values. To reach the 
maximum density a few hours annealing at 200- 
300° below the temperature of “ incipient 
flowage ” was found necessary. Little is known 
of the density of glass at temperatures beyond 
the softening point. 8. H. Li (Univ. Illinois 
Bull. 1924, No. 140) gave the following: 


SlOa. 

NagO. 

CaO. 

Density at 

3,206°C. 

1,454*^0. 

82-6 

17-4 

_ 

2-19 

2-16 

70-0 

30-0 

— 

2-42 

2*41 

60-0 

40-0 

— 

2-28 

2-35 

63-0 

13-6 

23-4 

2-61 

2-59 

70-0 

20-0 

10-0 

2-26 

2-20 

70-0 

10-0 

20-0 

2-31 

2-23 

72-25 

16-1 

1 12-1 

2-28 

2-23 

73-5 

16-5 

10-0 

2-31 

2-28 


W. Hftnlein (Glastech. Ber. 1932, 10, 126) found 
a drop from 2-28 at 800° to 2186 at I,4(K)°, 
whilst G. Heidtkamp and K. Endell (ibid. 1936, 
14, 89) found a drop from 2*27 at 1,0(K)° to 2*22 
at 1,400° for a 20% Na 20 and from 2*26 to 
2*14 for a 60% NUnO soda-silica glass. See also 
1. 8awai and S. Inoue, J. Soc. Chem. Ind, 
Japan, 1940, 48, 47B. 

The densities of the system 

NajO—CaO—SiOa 

according to F. C. 0. Glaze, J. C. Young and 
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A. N. Finn (Bur. Standards J. B,es. 1932, 9, 
799) may be represented by the formula 

l/D-aA+)SB+yC+/Ca 

where A, B and C are the percentages of Si02, 
Na20 and CaO respectively, and a, /?, y and y 
are “ constants ” chosen according to the 
following table : 


Silica 
limits 
per cent. 

ax 10^. 

)3xio2 

y X lO^. 

y'XlO®. 

t>0-Aa* . 

4-252 

3-537 

2-545 

8-0 


4-3028 

3-4628 

2-500 

4-0 

Aft-Ac . 

4-3922 

3-2872 

2-285 

5-0 

Ac-100 . 

4-5400 

2-8460 

1-844 

14-8 


* Ao - 59-4 - 0-23( % CaO) -f 0*032( % CaO)2. 
Ai - (56-3 + ()•!5( ^X.CaO) - 0-0U4( %CaO)2. 
Ac 74-9 - U017( %CaO)^ 


The densities of a number of glasses arc given 
in Table IV (p. 544) which also includes optical 
data. 

Thermal Expansion is measured by the ex¬ 
pansion of a rod relative to a comparison speci- 
inent of known behaviour (Chevenard method 
used by Turner and Winks, J. 8oc. Glass Tech. 
1928, 12, 57) using an optical lever system; 



10,551; 1929,12,700), namely SiOg 05, B.O. 
(up to 12%) 6-53, NaoO 41 0, K^O 39 0, 
MgO 4-5, CaO 16*3, ZnO 70, BaO 140, 
PbO 10-6, AI2O3 4*0, all multiplied by 10-*. 
These are used in the formula a—• ♦ • 
where Uj, are the factors for the oxides and 
Pi, P2 • • • percentage amounts present, 
replacing the classic ones of Winkelmann 
and 8chott. The existence of definite change 
points on the expansion curves below Tg is 
reported by Turner and Winks (/.c.), A. Klemm 
and E. Berger (Glastech. Ber. 1927, 5, 405), 
E. Seddon and W. E. S. Turner (J. 80c. Glass 
Tech. 1933, 17, 324), but questioned by J. T. 
Littleton {ibid. 1931,15, 202). The past thermal 
history undoubtedly affects behaviour in this 
range. J. B. Saunders and A. Q. Tool (Bur. 
Standards J. Res. 1933, 11, 799) found fur a 
Pyrex glass that the linear expansion between 
20 and 200° could be altered 10% by heat treat¬ 
ment in the range 450-750°C. In general, quickly 
cooled glass has a higher expansion up to some 
temperature below Tg (called Dt by Turner and 
Winks, see Fig. 4) than that of a well annealed 
specimen. Values for the linear expansion co- 
cfiiciemts a X 10^ of some industrial glasses are 
Pvrex glass 32-36 (between 21-471°C.), Jena 
59111 04 (38-522°), Jena laboratory ware 48 (19- 
414°), gauge glass 46, bottle glass 82-88 (20- 
100°), plate glass 88 (0-400°), lead crystal glass 
88 . 

When two glasses have to be sealed together 
as in lamp-working or the casing of coloured 
glass on a colourless bjise, or when wires are 
scaled into glass, not only should the expansion 
coefficients of the two substances agree fairly 
well, but there should be matching of the cha¬ 
racteristics over the annealing range of the 
glasses (W. E. 8. Turner and F. Winks, J. Soc. 
Glass Tech. 1928, 12, 25, 57, 161; A. W. Hull 
and E. E. Birrger, Physics, 1934, 5, 384 ; C. J. 
Milner, J. Soc. Glass Tech. 1939, 23, 308). 

The success of the seaUng operation depends 
upon the angle of contact of glass and metal 
and on the nature and thickness of the latter. 
When two glasses are sealed together the thick¬ 
ness of the two layers (as in flashed or cased 
opal) is of importance. 

Specific Heat is more nearly an additive 
property than any other. A. Winkelmann (Ann. 
Phys. Chem. 1893, [iii] 43,401) gave as the relation 


Fig. 4.—Thebmal Expansion Curves. 
Strained Specimen Shown Dotted. 


r 

^ 100 100 


+ . . . 


by interferometer methods (C. G. Peters and 
C. H. Cragoe, Bur. Stand. Sci. Papers 1920, 
No. 393; K. Wenig and E. Zschimmer, Sprech- 
saal, 1929, 62, 853) or by mercury in a glas^ 
volumenometer (S. English and W. E. S. Turner, 
J. Soc. Glass Tech. 1919, 3, 238). The form of 
the expansion curve is shown in Fig. 4 from 
Turner and Winks (ibid. 1930,14, 90), the lowest 
curve being that of a highly strained specimen. 
The expansion in the annealing range is from 2 to 
11 times the rate in the lower range (Peters and 
Cragoe, J. Opt. Soc. Amer. 1920,4, 105). Below 
the lower annealing temperature Tg the linear 
expansion may be calculated by the factors of 
English and Turner (J. Amer. Ceram. Soc. 1927, 


where PiP^ . . • are the percentage amounts 
of individual oxides present and r^Cg their 
specific heat factors. The latter he gave as 

SiOg 01913, BgOg 0-2272, PoOg 0-1902, 

NagO 0-2684, KgO 0-1860, LigO 0-5497, 

CaO 0-1903, BaO 0-0673, ZnO 0-1248, 

PbO 0-0512, MgO 0-2439, AlgOg 0-2074. 
A. Thuret (J. Soc. Glass Tech. 1936, 20, 680) 
gave the mean specific heat of fused silica as 

(xe+Co, 

where a—0-4579 x 10~^, 5—1-4747 x 10"®, Co= 
0-1683 and temperatures between 1,200° and 
-p2,G00°C. 





Table IV. —Density and Optical Properties of Different Types of Glass. 
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The values of Q for Pyrex glass are given as 
0 174+() 00036< by J. H. Hildebrand, A. 1). 
Duschak, A. H. FosU^r and 0. W. Beebe (J. 
Amer. Chem. 8oc. 1917, 89, 2293), and as 
0 1839+0'0003134(<-20) by T. l)e Vries (Ind. 


Eng. Chem. 1930, 22, 617). Values for some 
commercial glasses given by C. W. Parmelee 
and A. E. Badger are reproduced below, values 
being in “ 20“^ calories ” per gin. per ‘'C. (Univ. 
Illinois Bull. 1934, No. 271). 



Glass. 


1. 

0 


4. 

a. 


7. 

8 

iK 

SiO., .... 

74*1 

71*88 

73*28 

74*95 

71-58 

74-84 

61-91 

80-10 

67*53 

B,0, .... 








12*60 


Na^O . . . 

KjiO . . . . 

16*65 

0*04 

17*59 

16*31 

15*82 

14*00 

16*48 

8-32 

6*19 

4*17 

0*15 

8*48 

3*25 

CaO ... 

4*65 

5*01 

5*31 

4*79 

12*94 

2'5r> 

trace 

0*02 

10-48 

MgO .... 

3*23 

3*64 

3*88 

3 30 

0*10 

1*77 

trai-e 


1 PbO .... 







22*23 


0097 

AI3O3 . . . 

^®2^3* * 

0*33 

0*065 

1*21 

0*07 

0*48 

1*13 

0*54 

0*12 

4-3t> 

1*(X) 

0*15 

1*92 

0-077 

6-01 
0-081 , 

Heat capacity 40- 
800° . . ‘ . 
Heat capacity 40- 

0-280 

0-268 

0*280 

0*26.5 

0-274 

1 

1 

0-27tl 

0*211 

0-271 

i 

j 

0-269 ; 

1 

1,(KK)° . . 

- 

0*292 

0*290 

0*28r> 

0-293 

0-289 

0-281 

0*224 

0*287 


Thermal Conductivity has not been widely 
studied. Probably the most systematic survey 
was that of A. Russ (Sprechsaal, 1928, 61, 887) 
who worked on the Gehlhoff and Thomas glaHses 
of general percentage composition alkali 18, 
oxide 82 (SiOg+RO or R2O3). From the 
results he obtained “ factors ” using the Winkel* 
inann hirmula 

A “Ai A, Aj 


in which A is the reciprocal of conductivity, and 
tg, etc., the volume percentages. The factors 
were as follows, the density factors used being 
given in brackets: SiOj 3(2*3), B2O3 3*7(2*1), 
Na.O 10*7(3*2), K^O 13*4(2*9), CaO 8*8(3*9), 
BaO 11*85(7*1), ZnO 8*65(6*9), PbO 11*7(10*0), 
MgO 4*55(3*9), AlgOg 6*26(3*2). Pyrex chemi¬ 
cal glass has a conductivity between —181° and 
4 250°C. K~A-^b logj^ T where A and b have 
the values —0*003523 and +0*002454 respec¬ 
tively and T is the absolute temperature (R. W. 
B. Stephens, Phil. Mag. 1932, [7], 14, 897). 

Thermal Endurance is the measure of re¬ 
sistance of a glass to sudden changes in tempera¬ 
ture. It is of a complex nature depending on 
thickness, mechanical strength, diflfusivity and 
thermal expansion. Classical work was done 
by Winkelmann and Schott (Ann. Phys. Chem. 
1894, [iii], 51, 730) who, working on cubes of glass, 
gave the expression for the shock 


0c~^o ~ 


pVd 

aE 


where P is tensile strength, a linear coefficient 
of thermal expansion, E is Young’s modulus and 
P diflfusivity (=thermal conductivity divided 
by the product of specific heat and density). 

VoL. V.—35 


V. H. Stott (J. Soc. Glass Tech. 1924, 
gave 

P(l-a) 


dc~So - 


aE 


8, 139) 


where a is Poisson’s ratio. This did not in¬ 
volve conductivity. C. E. Gould and W. M. 
Hampton {ibid, 1930, 14, 188) using beakers as 
test material gave OV 26=B (a constant) where 0 
was the temperature drop to cause fracture and 
26 was the maximum thickness along the bottom 
fracture. W. J. A. Warren {ibid. 313) modified 
this to B where I was thickness and n varied 
with thickness between 0*36-0*4 for thickness 
of 1*4 mm. reaching 0*5 for thickness of 1*1 mm. 

Determination. —(1) By heating wax in a 
beaker of standard form and plunging into cold 
water at 15°C., repeating from successively in¬ 
creased temperatures (5° steps) till fracture 
occurs (for details, see J. Soc. Glass Tech. 1930, 
14, P, 160). (2) Dropping rods 1 in. long from a 
vertical heating furnace one at a time into water 
and repeating from higher temperature till 
fracture occurs {ibid. 1933, 17, 239; 1936, 20, 
498). (3) Standing articles such as jam jars 
in a stream of running cold water and filling 
with hot water starting with the jars next the 
cold water exit (J. B. Murgatroyd, ibid. 1932, 
16, 1 ; 1936, 20, 511) or slowly heating water 
inside {ibid.). (4) Heating containers totally im¬ 
mersed in a bath of hot water to a constant 
temperature, removing and plunging into a 
bath of cold water whilst still full of hot {see 
J. Soc. Glass Tech. 1940, 24, P, 76). 

In all such methods a strict schedule of opera¬ 
tion must be followed, and the testing must be 
done on a statistical basis using large numbers 
of specimens to eliminate the effect of “ freak ” 
results. Standard test procedures have still to 
be agreed upon. The form of the article tested 
has considerable influence. Fire-romiding the 
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edges of test rods in (2) above gave much less 
scattering of results, and R. W. Douglas {ibid. 
1936, 20, 517) pointed out the effect of shape in 
setting up thermal stresses even in well annealed 
illuminating ware. He favoured dropping water 
on such specimens under service conditions. For 
testing tubing ho recommended forcing cold 
mercury into the heated tube as giving closer 
agreement with behaviour in practic^e than water 
immersion tests. 

Effect of Composition. —In test (1) above 
chemical ware beakers withstood a temj)erature 
shock of 239~209°C. whilst beakers of sheet glass 
withstood only 126“C. In the rod test, a com¬ 
mercial lime-soda glass gave values of approxi¬ 
mately 131°, 125° and 115° for diameters of 3~4, 
4 “5 and 5-6 mm. respectively, whilst a “ soft 
soda ” glass as used for lamp-working gave in the 
same size groups values of 112°, 104° and 96° and 
a commercial borosilicate glass gave values of 
325°, 308° and 285°. 

Optical Properties. — Refractive Index is 
generally expressed for the mean sodium (D) 
line {5,893a), but the mercury lines A(4,047a), 
gr(4,358), hydrogen G'{4,341), F(4,861), CX6,563), 
helium (4,922), 5(7,065), d(5,876) and potassium 
A'( 7,682) lines are also used. For optical com¬ 
putation the differences in the refractive indices 
for various wave-lengths is needed and this is 
expressed either as a direct difference, e.g. 
«F—wc often written F—C or as the quantity 
v;=(??:p~l)/(«F—Tif). Optical data on simple 
glass systems are not very complete, most accu¬ 
rate measurements having been made on special 
glasses for optical purposes. For a “ scries ” 
of glasses of the same type, refractive index and 
density move in parallel. Specific refractivity 
is given by the following formul®; Gladstone 
and Dale {n—l)ld; Lorentz and Lorenz 
(w2-l)/('/iH2)d, Eykman (n2-l)/(w-f 0-4)d and 
Lichtenecker (log n)ld. G. W. Morey and H. E. 
Merwin (J. Opt. Soc. Amer. 1932, 22, 632) give 
for the soda-lime-silica glasses the formula for 
calculating specific refractivity according to 
(a) Gladstone and Dale as 

0 - 1947 (%Na 2 O)-f 0 - 2268 (%CaO) 

-f0-2081(%SiO2) 

and (b) Lorentz and Lorenz as 

01115 (%Na 2 O)+ 01221 (%CaO) 

-f0-1237(%SiO2). 

The Gladstone and Dale formula gave the better 
results. In three-component glasses ZnO has 
about the same effect on dispersion as CaO for 
the same percentage weight, but only about half 
as much on refractive index; BaO has less 
effect than PbO on both refraction and dis¬ 
persion and for a given change in refractive 
index the change in dispersion is less than for 
the corresponding PbO glass. For equal weight 
percentages 

—NagO—SiOg 

glasses have higher indices than corresponding 
PbO glasses. KgO—CaO—8iOg glasses have 
lower index dispersion than corresponding NagO 
glasses. The same holds for KjO — BaO—SlOg 


and NagO — BaO—SiOg glasses. Mixed alkali- 
lead and mixed alkali-barium glasses have inter¬ 
mediate properties. In the optical glasses 
BgOg shortens the violet spectrum, the borate 
flints having highest red and lowest violet dis¬ 
persions. Total dispersion increases from the 
borate crowns (AlgOg and BgOg) to the borate 
flints (PbO and BgOg), intermediate glasses 
having notable amounts of BaO and/or ZnO. 
Borosilicate flints come betw'oen borate and 
silicate flints. Fluorine (6-9%) decreases the 
F—C value without affecting greatlj^ the partial 
dispersion ratios. Data for 7ti^ and F—(J values 
have been given in Table IV, also composition 
and densities. The effect of rise in temperature 
is to increase refractive index up to the annealing 
region (A. A. Lebedeff, Trans. Opt. Inst. 
Petrograd, 1921, 2, No. 10; C. G. Peters, Bur. 
Stand. Sci. Papers 1926, No. 521). In passing 
through that region a rapid falling off' occurs. 

Stress-Optical Proj)erties. —I). Brewster (Trans. 
Roy. Soc. London, 1816) showed that glass under 
stress behaves as a uniaxial optically negative 
crystal, the birefringence being proportioned to 
the stress. L. H. Adams and E. D. Williamson 
(J. Franklin Inst. 1920, 190, 597, 835) have dis¬ 
cussed mathematically the stresses develoj)ed in 
glass by temperature gradients and the resulting 
birefringence. S. R. Savur (Phil. Mag. 1925, 
50, 453) measured the stress-optical coefficient 
in tension and in compression and stated that 
up to stresses of 100 bars (1 bar-10® dynes 
per cm.2) the relation between stress and bire- 
fringem^e is linear, being the same for tension 
and compression. The unit proposed for photo- 
elasticity is the Brewster-a relative retardation 
of 1 Angstrom unit per mm. per bar. 

F. Pockels (Ann. Physik. 1902, [iv], 7, 
745) found that the stress-optical effect 
diminished regularly in lead glasses with in¬ 
crease of PbO. The ordinary effect was 
negative but with higher PbO content it 
became positive and Pockels estimated that a 
glass of composition Si02 22*8, KgO 1'5, 
PbO 75-7 would have a zero value. L. N. G. 
Filon and co-workers (Proc. Roy. Soc. London, 
1922, A, 101, 165; 1931. A, 130, 410) found values 
for the stress-optical coefficient ranging from 
1-8 for a heavy silicate flint to 3-66 for borate 
flint. 

The absorption of light is dependent partly 
on the thickness, but mainly on the composition 
of the glass, especially in respect of its content of 
oxides which exercise selective absorption. The 
best optical glass should transmit 98-99% 
of the light passing the surface on which it falls. 
On the other hand, unpolished mirror glass, 

8 mm. thick, may only transmit about 87%, 
whilst for glass strengthened by wire mesh, the 
transmitted light may be only 55-60%. The 
foregoing refers to general transmission of 
ordinary white light. In the case of selective 
absorption, the different coloured oxides vary 
in the strength of their effect, cobalt oxide being 
one of the most powerful. The absorption curves 
for several glasses containing CoO, CrgOg, 
NIO, FCgOo and Mn.Og have been measured 
by Zsigmondy (Ann. Pnysik. 1901, 4, 60). 

The selective absorption varies both with the 
concentration of the oxide and with the tern- 
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peniture. The general elfet^i of rise of tem¬ 
perature is to shift the absorption towards the 
red end whilst the amount of absorption may 
simultaneously be increased. This is illustrated 
by the following relative transmission factors 
at different temperatures (M. Luokiesh, J. Amer, 
Ceram. Soe. 1919, 2, 743) : 


More recent work by A. J. Holland and 
W. E. S. Turner (private communication) deals 
with a series of commercial and other glasses of 
known composition. Lata for three such glasses 
are reproduced in Figs. 5 ,6 and 7, the calculated 
percentage compositions btnng shown in the 
table: 


Col¬ 

our- 

Ini? 

Colour. 

Kehitivo 

transmission 

factor. 

Class. 

OptiraJ 

D.E.D.F. 

Creon 

bottle. 

Selenium 

riil»y. 

J1 

agent. 

(1) Cold. 

(li) Hot. 

30®. 

i i 
.® 1 

350®. 

SiOa . . . 

2()-9 

08-5 

08'1 


— 

- 




B 2 O 3 

— 

— 

11-7 

Cu . 

Medium rod 

— 

100 

92 

84 

PbO. . . . 

71-9 

— 

— 

Co . 

Light blue 

.— 

100 

104 

108 

ZnO .... 

— 

— 

lldi 

Co . 

Deep vioh't 

Deep blue 

No 

apj3reci- 

AI 2 O 3 . . . 

— 

3-4 

1-3 




able change 


0-01 

Id) 

003 

Au . 

Pink 

Violet 

100 

90 

93 

MnO., . . . 

— 

2-3 

— 

Cu . 

Bluish-green 

Y^ellowish- 

100 

94 

82 

CaO . . . 


8-9 

— 



grecn 




MgO . . 

— 

0-3 

— 

Mn . 

Purple 

Bhiish- 

100 

94 

90 

NaoO . . . 

— 

]r>-4 

5'7 



vioh't 




k,6 . . . . 

— 

— 

0 3 

Cu . 

Deep red 

— 

100 

07 

d2 

As.Oa • ■ 

01 

— 

— 

Cr . 

Yellowish- 

Vt'Ilow 

100 

SI 

07 

(C(^S f Se) . . j 

... 

— 

1'3 


grc'cn 











Fig. 5.—Effect of Temperature on Spectral Transmission of a Louble Extra Lense 
Flint Optical Glass (thickness 10 mm.). 


In regard to ultra-violet radiation, fused 
quartz and fused BgOg are transparent, whilst 
a mixture of B 2 O 3 , CaF^ and AI 2 O 3 shows 
only weak absorption. Heavy Iead'gla 8 .se 8 and 
glasses <!oloured slightly with Cr^Og absorb 
ultra-violet light. 

Glasses which absorb heat radiations may be 
obtained-by the use of the oxides or other com¬ 
pounds of chromium, cerium and iron, and 


certain other elements. The mineral biotite 
and the oxide Fe 304 dissolved in soda-Ume 
glass absorb a high proportion of incident heat 
rays, whilst (hookes prepared a soda-lime glass 
from a batch containing 10 % of ferrous oxalate 
which absorbed 98% of the heat radiations 
(Crookes, Phil. Trans. 1914, 214, 1). 

Absorption and Transmission have been studied 
by R.Zsigmondy {lx,), G. Gehlhoff, M. Thomas 
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Fio. U.—Effect of Temperaturk on Spectral Transmission of an Iron Manganese 
Dark Green Bottle Glass (thickness 2 mm.). 



Fig. 7.—Effect of Temperature on Spectral Transmission of a Selenium Ruby 

Glass (thickness 2 mm.). 
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and Pntz Sohraidt (Z. tech. Physik, 1930, 11, 
289), W. Weyl (Glastech. Per. 1931, 9, 041 ; 
1933, 11, 07, 113). The resuIlH are set out in 
curve form, Figs. 8 and 9, and in Tables V, \1 


and VII. For spectral transmissions of eye- 
protetrting glasses, 8e.t W. W Coblentz and R. 
Stair (Bureau Standards Circular C. 421) and 
Optician Supplement, April 14th, 1939. 



Fio. 8.— Transmission Curves for Various Coloured Glasses—Visible Reoion. 



Fig. 9.—Infra-Red Transmission Curves for Various Coloured Glasses. 
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Tahle V. 

A. SrEOTEAL Tkansmission of some Optical Contrast Filters 2 0 mm. Thickness— 

V’lsoAL Range. 


I 

1 

t 





i rausniissioi) 

A (mfx). 





:i0(). 

:ir>o. 

400. 

4')0. 

fiOO. 

nr.o. 

000. 

or>o. 

700. 

7.')0. 

Hubv .... 

1 

(1 

0 

0 

0 

0 

0 

0-4 

05 

92 

92 

Red' .... 

o 

0 

0 

0 

0 

0 

0 

17-5 

92 

92 

J)2 

Deep orange . 

3 

0 

0 

0 

0 

01 

9-9 

05-2 

731 

704) 

70-0 

Light orange 

4 

0 

0 

0 

0 

0-4 

32*7 

76-(> 

78-3 

78-3 

78-3 

Green .... 

5 

0 

0 

0 

0 

25-9 

36-6 

3-7 

0-5 

01 

0 

Blue-green 

(j 

0 

01 

350 

48*3 

48-3 

32*7 

5-8 

0-4 

0- 

0 

Blue .... 

7 

0 

0 

17-5 

29- 1 

01 

0 

0 

0 

3-7 

1-3 

Purple 

8 

0 

231 

29-1 

0 

0 

0 

01 

1-8 

130 

00-8 

Daylight . 

0 

0 

05-2 

87-9 

820 

73-1 

58-1 

440 

36'6 

38-4 

304) 

Light neutral 

11 

0 

9-2 

40-1 

]()*4 

23-1 

23-1 

231 

204) 

360 

401 

Orthochromatie . 

12 

0 

0 

01 

9-2 

40 1 

.58-1 

401 

300 

40-1 

58-1 

Idtra-violet . 

14 

44) 

731 

01 

0 

0 


0-3 

2-9 

9*2 

231 

Crookes A. 


0 

10 

82 

80 

90 

90 

82 

92 

91 

90 

Crown 1*51 Nd. . 


20 

54 

92 

92 

92 

j 92 

92 

92 

92 

92 

Yellow noviol B. 


0 

0 

0 

0 

85 

88 

80 

80 

85 

85 

'Dark amber 


0 

0 

2 

1 10 

37 

57 

64 

07 

70 

71 

JRue-green 


0 

3 

35 

37 

50 

70 

08 

05 

05 

— 

(/obalt blue A A . 


0 

bO 

75 

55 

7 

0 

0 

0 

30 

00 

SelcTiium ruby 


— 

— 

— 

— 

0 

2 

8 

80 

80 

80 

Gold ruby 


— 

— 

— 

50 

14) 

0-2 

33 

04 

70 

73 

CoppcT ruby . 



— 

— 

— 

74) 

54.) 

44 

08 

72 

74 

**Calorex''‘ . 


0 

0 

22 

40 

08 

04 

00 

40 

20 

7 

Special welders’ glass 
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10 

35 

8 

4 

5 

0 

5 

8 

10 

»» 99 


0 

0 

17 

40 

50 

20 

1 

0 

1 

3 

Willson weld, shade 3 

0 

1 

1 

2 

15 

30 

25 

20 

7 

— 

Novi weld, No. 3 

■1 

0 

1 

1 

2 

7 

18 

23 

20 

13 
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B. Visual Transmission—Gehliioff and Thomas Glasses. 



Oxide. 

Colour. 

Thickness, 



Transmission %. 

A (mjj.). 







nini. 
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400. 

450. 

500. 

550. 

600. 

650. 

700. 

7.50. 

Mn^O, 
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90 

90 

90 

90 
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92 
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50 
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56 
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62 

62 

,, 
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— 

8 

1 

5 

13 

21 

31 

63 
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Blue. 
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— 

— 

87 

56 

42 

28 

28 

67 

76 

„ 
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Purple. 

20 

— 

— 

67 

6 

0 

0 

0 

17 

01 

NiO 

0-6% . . . 

20 

— 

— 

40 

20 

17 

21 

16 

48 

64 

,, 

1-0% . . . 

— 

20 

— 

— 

17 

4 

3 

6 

3 

31 

65 

CuO 

0-6% . . . 

Green. 

20 

— i 

.— 

94 

92 

84 

82 

76 

75 

80 

CPgOg 

4-0% . , . 
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20 

— 

— 

86 

74 

47 

16 

5 

2 

1 

0-2% . . . 
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20 

— 

.— 

40 

78 

86 

76 

68 

74 

85 

>» 

0-8% . . . 

— 

20 

— 


; 0 

46 

76 

60 

33 

40 

66 

u,o, 

1-0% . . . 

— 

20 

— 

_ 

78 

85 

85 

86 

86 

87 

88 


16-0% . . . 

— 

20 

— 

— 

15 

35 

73 

77 

86 

84 

86 


0-06% . . , 

— 

! - 

50 

08 

78 

90 

94 

86 

72 

— 

— 


0-18% ■ . . 

Green. 

— 

30 

50 

61 

82 

74 

57 

43 

— 

—_ 
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Table \T. 

A. Ultra-Violet Trajjsmlssion of Oommebciai, I'ltra-Violet Transmitting Glasses, 

2 0 MM. THICKNESS. 


Transmission 'H. 
A (m/x). 



li«0. 

270. 

275. 

285. 

294. 

;io2. 

10 2. 

834. 

340. ' 

I '' Brevos . 

0-5 

4-5 

9*5 

34-8 

56*5 

67-5 

78 

89 

92 ; 

“ Ultravit ”. 

0-6 

4*5 

9*5 

31 0 

54 0 

65 

75 

88-5 

91 

I “ Uviol ” . 

0-5 

4*5 

100 

350 

590 

73 

82-5 

90 

91 i 

“ Sanalux ” . 

0-8 

5-0 

100 

351 

50 

77-5 

74-0 

88 

91 

“ Vita ” . 

10 

6-0 

12-5 

.34-9 

50 

61 

72-5 

88 

91 1 

Helioglass ” .... 

0 

10 

10 

25 

48 

5(> 

73 

86 

88 ^ 

Belgian window .... 

0 

0 

0 

0 

0 

0 

52 

58*4 

80 1 


B. riTRA-V iolet Transmission, Schott Optical Glasses, 2-0 mm. tiuckness. 


* 

nu. 



Transiniasion %. 

A ( to / x ). 





289. 

303. 

313. 

334. 

306. 

405. 

436. 

Borosiheate crown .... 

1*5106 

25*8 

57*1 

75*8 

89*0 

91-7 

91*8 

01*8 

i (h’own . . 

1-5124 

21 

54*3 

740 

88*8 

91-6 

92 

92 

Barium crown. 

1*5413 

0 

42*4 

64*7 

87*0 

91-7 

91-8 

91-7 

Light barium flint .... 

1*5506 

0 

33 

66*2 

87*2 

91-5 

91*8 

!12 

Light flint. 

1-5810 

0 

4*1 

39-8 

80*3 

90-3 

91*2 

91-5 

Flint. 

1*6204 

0 

0 

21 

77-3 

OO-O 

91-9 

91*7 


(\ Solarisation Effect—^Commercial Ultra-V^iolkt Transmittino Gi^asses. 



Thickness 
in mm. 

Transmission % for A--=302 my. 

Initially. 

1 month 
exposure 
to sun. 

10 hours 
exposure 
to Hg. lamp. 

“ Vita ” . 

2*01 

51*9 

26*5 

21*8 

“ Helioglass ” . 

2*00 

58*0 

46*2 

36*7 

Ultravit ”. 

2*05 

62-3 

470 

37*6 

“ Holviglass ” 

2*40 

4M 

37*4 

33*2 

“ Sanalicx ”. 

2*14 

51*0 

29*0 

21*2 

Ultra-Violet glass 

2*07 

52*8 

48*9 

41*0 

Sunlit'' . 

1*92 

65*0 

46*0 

38*2 

'' Neuglas E." .... 

2*30 

61*7 

58*7 

510 

“ Uviol Jena // ” 

1*97 

49*5 

43*8 

30*1 

“ Corex " . 

2*01 

81*3 

78-7 

70*1 


Loss by Bejlection at the GUiss-Air Surface and 
Means of Reducing it. —According to Fresners 
law the loss of light by reflection at an air-glass 
surface is related to the refractive index n of the 

glass by the expression for a soda- 


lime-silica glass of refractive index approxi¬ 
mately 1’5 this loss is 4%, or much more than 
that lost by actual absorption in most optical 
systems whilst for a load glass it is much 
greater. II. D. Taylor (“Adjustment and Testing 
of Telescope Objectives,” York, 1896) noted that 
weathered photographic lenses were much faster 
than freshly polished areas and suggested treat¬ 


ment of new lenses by weathering agents, e.g. 
HjS or alkali sulphide solutions to produce thin 
films on the surfaces. F. Kollmorgen (Trans. 
Ilium. Eng. Soc. New York, 1916, 2, 220) 
reported a considerable reduction of reflection 
loss by surface treatment of lead flint or barium 
crown glasses, and F. E. Wright with J. B. 
Ferguson described similar tests with 1% acid 
sodium phosphate or copper sulphate solutions, 
amongst others, for 18 hours at 80® (Manufacture 
of Optical Glass and Optical Systems, IJ.S. 
Ordnance Dept. Document No. 2037,1921, p. 77). 
Work by J. Strong (J. Opt. Soc. Amer. 1936, 26, 
73). K. B. Blodgett (Physical Rev. 1939, 56, 391). 
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Table VIL—Iefra-Hed Transmissions. 


Min. 


Transmission %. 
A (/Ll). 



MUr-K. 

05. 

10. 

i:>. 

20. 

2-5. 

30. 

40. 

50. 

; Selenium ruby 



5-9 

0 

60 

65 

70 

30 

2 

0 

0 

Copper' ruby . 



2-5 

0 

80 

83 

87 

60 

40 

38 

0 

Yellow green . 



3*4 

— 

3 

30 

70 

36 

20 

6 

0 

Novi weld, shade 4^ 



— 

17 

0 

2 

4 

12 

5 

6 

0 

C/rookes 



1*98 

45 

0 

2 

4 

10 

6 

12 

0 

“Ca/orex”. 



20 

68 

1 

8 

13 

8 

3 

0 

0 

, 82 SiOg 18 NaOa 



2-0 

— 

94 

94 

93 

76 

60 

48 

3 

64 SiOj 18 MgO 



2 0 

—. 

82 

85 

88 

71 

60 

65 

9 

18 NagO 












42 SiOj 46 ZnO . 



20 

— 

82 

82 

82 

75 

69 

71 

15 

18 NagO 












78 8102 4 NiO , 



2-0 

— 

10 

1 20 

10 

16 

21 

32 

4 

' 18 NagO 









1 



78 SiOa 4 CoO . 



20 

— 

: 50 

20 

0 

10 

27 

43 

4 

: 18 NaoO 

70 SiOg 12 CuO . 



20 


0 

15 

48 

62 

70 

60 

6 1 

18 NaO . 












j Crookes A . . . 



20 

90 

90 

— 

89 

— 

39 

27 

0 1 

I Crookes No. 246 . 



20 

0 

1 

— 

6 

— 

9 

— 

— 

Fieuzal .... 



20 

40 

76 

— 

82 

— 

29-5 

25 

3 

1 Crown glass 



20 

92 

91 

— 

90 

— 

45 

18 

0 I 


C. H. Cartwright and A. F. Turner {ibid, 1940, 
55, f)75A) and F. L. Jones and H. J. Homer 
(J. Opt. Soc. Araer. 1941, 31, 34) has shown that 
the effect is a function both of the nature of the 
layer left upon the surface and upon its thickness, 
being due to interference phenomena. There is 
for a surface layer of given refractive index an 
optimum film thickness that produces minimum 
loss by reflection, and the lower the refractive 
index of the film the better the effect. Blodgett 
worked with insoluble metallic soap films, e.g. 
barium stearate and cadmium arachidate, whilst 
other workers either produced weathered films 
by dilute acid attack (Jones and Horner), which 
behaved optically as if of silica, or deposited, 
by evaporation in vacuo, thin films of minerals 
of low refractive index such as fluor spar. Jones 
and Horner state that if after filming by 1% 
nitric acid the washed specimen is heated to a j 
temperature just short of deformation, the film 
becomes quite durable to the handling ordinarily 
given to optical components. By treatments 
such as the above the transmission of simple 
lenses for white light has been raised to 99% and 
over. 

Electrical Conductivity.—It is agreed by 
most investigators that conductivity in 

NajO—CaO—SiOj 

glasses is due to the Na ion, though H. H. Poole 
(Nature, 1921, 107, 584) questions its purely 
electrolytic nature. More systematic work, 
particularly on alkali-free glasses, is needed to 
extend our knowledge (Morey). E. Warburg 
and T. Ihmori (Ann. Phys. Chem. 1886, [iii],27, 
481) showed that the absorbed surface film on 
glass can conduct to a large extent, and pre¬ 


cautions must be taken to eliminate this in 
determination of the “ bulk conductivity,” 
e.g. by working in vacuo. According to M. Fulda 
(Sprechsaal, 1927, 60, 769 ei seq.) surface re¬ 
sistivity at 25° at 100% humidity of the glass 
18% Na^O 82% SiOg was raised by substitut¬ 
ing AlgOg, BgOg, BaO, FCgOg, CaO, PbO, 
ZnO, or MgO for SiOg. In all cases a 
maximum value was reached. Of these the most 
effective was CaO (at approximately 8%), then 
BgOg (20%), BaO (10%), AlgOg (15%), FegOg 
(18%), MgO (12%), ZnO (13%), PbO (26%). 
A. Gray and J. J. Dobbie (Proc. Roy. Soc. 
I.*ondon, 1898, 63, 38; 1900, 67, 197) gave data 
for electrical resistance of glasses of known com¬ 
position. Fulda (^.c.) working on the 18 
NajO, 82 (SIOj+RO) series of Gehlhoflf and 
Thomas showed that CaO increased specific 
resistivity most (up to 30% additions), then BaO, 
BgOg, MgO, PbO, ZnO, the last named having 
very little affect, whilst AI2O3 caused a reduc¬ 
tion. In the alkali silicate glasses, soda reduced 
resistivity more than potash weight for weight 
when replacing silica. For data, on commercial 
glasses and porcelains, see E. Seddon, W. J. 
Mitchell and W. E. S. Turner, J. Soc. Glass Tech. 
1939, 23, 197, The only systematic work of 
high accuracy is that by E. Seddon, E. J. Tipj>ett 
and W. S. S. Turner {ibid. 1932,16, 450) on the 
soda-silica glasses. 

Temperature Effect .—Specific resistivity de¬ 
creases rapidly with temperature, falling from 
around 10^* ohms to about 10* at the annealing 
temperature and to about unity in the region 
of the melting temperature, so that once heated 
glass can be electrically melted by passing a 
current through the mass. There are slwurp 
breaks in the resistance-temperature curves at 
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Tg, and the effec t of strain on resistance is of 10** ohm c .c. E. Halle (cited by F. Eckert 
very marked. Pyrex resistant glass has a sur- Jahresber. Radioakt. Elektronik, 1923, 20, 93, 
tacre resistivit}'^ of 10** ohms at 34% humidity, 190) quotes the following values of conductivity 
5x 10* ohms at 84% and a volume resistivity ic in 10*^ohm~^ cm.“* : 


SiOa 

.70*4 

69*0 

62*6 

56-2 

67-7 

48-1 

51-7 

B30, 

. 7*4 

2*5 

— 

— 

8-0 

4-5 

— 

NagO 

. 5*3 

4*0 

4-5 

1-5 

100 

1-0 

1-5 

k,6 . 

.14*5 

160 

8-5 

11-0 

_ 

7-5 

9-5 

CaO 

. 2*0 

8-0 

_ 

_ 

_ 

_ 

_ 

BaO 

.. — 

— 

.—, 

15-0 


28-3 

20-0 

ZnO 

. — 

— 

— 

9-0 

9-0 

10-1 

7-0 

PbO 

. — 

__ 

24*1 

7-0 

— 

-- 

lO-O 

K at 








KKF . 

.0012 

0*0132 

0*00542 

0*019 

0*(K)25 

0-00256 

0-00233 

125° . 

. 0*0703 

0-0672 

0-0418 

0*0416 

0-015 

0-01.34 

0-00994 

150° . 

.0-334 

0*425 

0-221 

0 0968 

0*0684 

0-0406 

0-039 

175° . 

.1 -.59 

2-32 

1*57 

0-5076 

0*668 

0-106 

0-116 

200° . 

.6-9 

— 

7-69 

2-38 

2-544 

0-374 

0-393 


Dielectric Properties .—Dielectric Constant Straul>el {ibid. 1899, [iii], 68, 369), J. R. Clarke 
or Hpecific Inductive Capacity k varies between and W. E. 8. Turner (J. Soc. Glass Tech. 1919, 
3*7 and 16*5. Increase of temperature in- 3, 260), H. T. Jessop (Phil. Mag. 1921, [6], 42, 
creases k (rise of 120° changes value by 3-14%). .551) and G. Gehlhoff and M. Thomas (Z. tech. 
Values vary with the frequency of the current Physik, 1926, 7, 105). Several workers, in- 
applied. For low frequencies the limit of eluding Winkelmann and Schott, and Gehlhoff 
stability is about 80° for lime glasses and 120° and Thomas, did not analyse the glasses, an 
for borosilicate, while at 10* cycles the corre- omission which detracts from the value of the 
spending values are 140° and 240° respectively, results, and the factors of Winkelmann and 
Values of k are white plate 7*1, ordinary flint Schott must l>e regarded with suspicion. 

(lead) 7*4, densest silicate flint 16-1, Uviol crown Young’s Modulus (E) of fused silica was 
5*6, fluorcrown 5*8, dense flint 10*0, fused silica given as 7(X) kilobars (1 kilobar~10* dynes per 
3’7, Pyrex glass 4* 1-5*0. sq. cm. - 1,020 kg. ])er s(}. cm.) by R. B. Sosman 

Z/0.95—AC X S (S, phase difference angle (“Properties of Silica,” p. 437, 1927). Clarke 
-^90°—phase angle 6) and P—VI sin 8. Values and Turner found for the soda-lime-silica glasses 
vary with frequency, e.g. Pyrex glass at 1,000 having an SiOg content of 74-75% that increase 
cycles has #c5 x 10*--400, at 100,000 the value of lime at the expense of soda raised E from 
is 371, at 500,000 is 330, at 10* is 190. For 567 kilobars when only 0-2% CaO was present, 
Corning 707 glass, values are smaller still, to 711 kilobars when the glass contained 10*4% 
ranging from 22-70 according to frequency, CaO. The results w^ere expressed in the form 
whilst those for other glasses range up to 2,000 E=]3*9(%CaO) 4 565*6. Gehlhoff and Thomas 
though most lie around 100-200. (/.c.) working on their series of glasses found 

Dielectric Strength or resistance to puncture that in the two-component glasses increase of 
by electric discharge between opposite faces is NagO or KjO at the expense of SiOg decreased 
given by the relation V==od-f-/3 where V is the F], KgO more so than NagO. In the three-com- 
breakdown voltage in kilovolts, d the thickness ponent glasses, PbO had very little effect whilst 
in cm. and a and p are constants. It is difficult that of BaO and ZnO w^as not large and became 
to draw conclusions as to the effect of com- constant after about 20% and 25% addition 
position. P. H. Moon and A. S. Norcross respectively at values of 690 and 700 kilobars 
(J. Amor. Inst. Elect. Flng. 1930, 49, 125) respectively. CaO had a marked effect, raising 
reported strengths of 3,100 kv. for lead glass the value from 6(X) to about 900 kilobars for a 
irrespective of thickness (0*04-0*28 mm.) and 10% addition and pro rata; B2O3 increased the 
from 300 kv. at 0*04 mm.to 1,000 kv. at 0*28 mm. value not quite so much as CaO up to 15-20% 
thickness for lime glass. (E=900), and then caused a falling off. FCjOg 

Elastic Properties. —The behaviour of caused a steady but less increase in E up to 
optically worked glass articles on standing {see 30% addition (750 kilobars) and AI2O3 only 
C. Pulfrich, Hovestadt’s “Jena Glass,” Everetts’ raised the value to 660 for a 20% addition, 
translation, 1902; F. E. Wright, “ The Manu- W. Horak and D. E. Sharp (J. Amer. Ceram, 
facture of Optical Glass and Optical Systems,” Soc. 1935, 18, 282) found that in glasses con- 
Govemment Printing Office, Washington, D.C. taining SiOg 74, N^O 17% with 9-0, 8-1, 7-2 
1921) indicates that flow may occur in glass at and 5 CaO—4 Zr02 respectively, the corre- 
ordinary temperatures so that glass does not .spending values of E were 439, 367, 325, 275 
possess a true elastic limit but behaves rather as kilobars. Clarke and Turner found discrepancies 
a very viscous fluid even at these temperatures, amounting to 28% when they applied Winkel- 
E. W. Washburn, G. R. Shelton and E. E. mann and Schott’s factors to their experi- 
Libman (Univ. Illinois Bull. 1924, 140, 48) sup- mental results. For more complex glasses, 
port this view. The pro^rties have been studied A. A. Griffith (Trans. Roy. Soc. London, 1920, 
by Winkelmann and Schott (Ann. Phys. Chem. A, 221, 163) found E=621 kilobars, Poisson’s 
1894, [iii], 61, 697; 1897, [iii], 61, 105); R. ratio (a)-0*261 for SiOg 69*2, Nafi 0*9, 
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KgO 12 0, CaO 4-5, AljOg 11-8, MnO 0-9%; 
F. Twyinan and J. W. Perry (Proc. Physical 
Soc. 1922,34, 151) found E-619-8 and a=0-196 
for SiOa 54-8, PbO 34*6. Na^O 612, K-O 
4-3%; G. Bemdt (Z. Instrumentenk. 1920, 40, 
20) found E=798*9 for a borosilicate crown SiOg 
69-6, BgOg 9-9, BaO 2-5, NagO 8-4, KjO 8*4% ; 
F. I). Adams and E. G. Coker (Carnegie Inst. 
Wash. 1906, Pub. No. 46) gave 723-9 for plate 
glass and A. E. Williams (J. Amer. Ceram. Soc. 
1923, 6, 980) for single and double strength 
window glass E=760, for 29-39 oz. clear sheet 
725, polished plate 690, and rough rolled plate 
670 kilobars. Increase of temperature usually 
causes decrease of E. A. E. Badger and W. B. 
Silverman {ibid. 1935, 18, 276) found a fall of 
()58-560 kilobars from 25° to 450°C. for the 
glass SiOg 68-1, NagO+KgO 18-6, MgO 41, 
CaO 5-8, AlgOg+FCgOg 3-4%, the change 
being slow to 250° (E=659-3-0 1250 then more 
rapid between 350-450° (E=639-0* 18<). E. 
Wandersleb (Ann. Physik. 1902, [iv], 8, 367) 
found for borosilicate glasses containing SbgOg 
that E increased with temperature, though sili¬ 
cate glasses with up to 15% SbgOg showed a 
decrrease, and J. M. Ide (J. Geol. 1937, 45, 689) 
found increases for fused SiOg and Pyrex 
glasses (722 and 630 at 0°, to 763 and 673 at 
400° respectively). 

Strain produces values smaller than for 
properly annealed glass. G. Berndt (/.c.) found 
E=755 and 814 for strained and annealed speci¬ 
mens of a borosilicate crown, and J. Meikle 
(J. Soc. Glass Tech. 1933, 17, 419) found 780 
and 759 for J and in. toughened glass, the 
untreated (commercially annealed) glass having 
the values 869 and 863 kilobars. 

Compressibility (^) is the reciprocal of the 
bulk modulus and is given as the relative volume 
change per kilobar pressure. Adams and 
Williamson (eT. Franklin Inst. 1923, 196, 475) 
found for plate glass SiOg 73, CaO 12, NagO 
15%, at pressures up to 12 kilobars that ^=2*27, 
2-23 and 2-05 x 10“* respectively at pressures 
of 0, 2 and 10 kilobars. A basalt glass gave 
/9~l-45 X 10"® kilobars"^ between 2 and 12 kilo¬ 
bars. P. W. Bridgman (Amer. J. Sci. 1925, 10, 
359) found for Pyrex glass that increased with 
pressure, and L. H. Adams and R. E. Gibson 
(J. Wash. Acad. Sci. 1931, 21, 381) gave 
10®)3= 304*5+1-42P (P in kilobars), and for 
silica glass, which had the largest increase of 
any substance measured, 10^^8=2,689+15 P. 
F. Birch and R. B. Dow (Bull. Geol. Soc. Amer. 
1936, 47, 1235; J. Appl. Physics, 1937, 8, 129) 
state that a negative coefficient of compressi¬ 
bility is possible only below a temperature 
depending on glass composition, ranging from 
about 220° for lead glass to above 400° for 
silica glass, the value for Pyrex glass being 
270°. 

Poisson's Ratio {a) varies from 0-271 for a 
dense barium crown glass to 0*197 for a boro¬ 
silicate glass and for ordinary glasses is about 
0*22. For silica glass it is 0*14, for medium 
flint, 0*196. 

After-working Effect (a) Elastic.—Whm 
subjected to stress for some time, all the strain 
does not immediately disappear from glass on 
removal of the stress. G, Weidmann (Ann. 


Phys. Chem. 1886, [iii], 29, 241), showed 
the effect was determined by the duration of 
loading and the glass composition, and defined 
the elastic after-effect as the ratio of deformation 
remaining after a given time to the original 
deformation. Values of this ratio for Jena 16^** 
and a Thuringian glass were for removal of load 
after 20, 90 and 180 seconds, 0-0065, 0-0106; 
0-0025, 0-0075; 0-0014, 0-0057 respectively. 
See also K. H. Borchard (Sprechsaal 1934, 67, 
297), and F. W. Preston, quoting C. D. Spencer 
(J. Amer. Ceram. Soc, 1935, 18, 220). 

(b) Thermal .—The change of zero with time 
of a thermometer is well known (see Hovestadt’s 
“Jena Glass,” Everetts’ translation, 1902). 
Thermometer glasses containing both NdgO 
and KgO, not one alone, were found by H. F. W. 
Wiebe and O. Schott (Z. Instrumentenk. 1886, 
6, 167) to be worst in this respect, and Weid¬ 
mann (l.c.) showed that a thermally good 
glass was also good elastically. The standard 
thermometer glasses have, according to E. I'. 
Mueller (Int. Critical Tables, 1926, 1, 55), the 
following depression constants ^ (°C.) Verre dur 
0*07-0-11, Kew glass 0-20, Jena lO^^ (Corning 
881)0-04-0*08, Jena 591“ (Corning 880) 0-03-0*04, 
Jena 1565^^^ 0-01, Jena combustion 0*03. 

Strength of Glass.—Tests give results lower 
than those deduced on theoretical grounds. 
Reduction of size of test piece, e.ff. using fincj 
threads for tensile tests, gives much increased 
values, from which most workers deduce that 
the ruling factor is the surface flow (A. A. 
Griffith, IVans. Roy. Soc. London, 1920, A, 
221, 162; J. T. Littleton, Physical Rev. 192.3 
(2), 22, 510; F. W. Preston, J. Soc. Glass Tech. 
1933, 17, 4). Preston (ibid. 1926, 10, 234; 
J. Amer. Ceram. Soc. 1926, 9, 654; 1931, 14, 419 ; 
also with J. T. Littleton, J. Soc. Glass Tech. 
1929, 13, 336) studied the fracture of glass And 
showed that the faster the rate of travel of a 
fracture the more roughly “ hackled ” was the 
broken surface, and the slower the travel the 
more polished and smooth was the surface. 

Gehlhoff and Thomas (l.c.) found that the 
oxides they studied improved the tensile strength 
in their series of glasses in the order (descending) 
CaO, BjOg (up to 15% then decreased strength), 
BaO, AlgOg, PbO, SiOg, MgO and ZnO 
were without effect, and FCjOg gave reduced 
strength. For bending strength they found 
improvement, in descending order, from CaO 
(up to 16% and then a falling off), BaO (up to 
20%) PbO (up to 20%), ZnO (up to 10%), 
FejOg, MgO, BgOg (up to 17%), whilst ALOg 
gave reduced strength. CaO, BaO, PbO, 
BgOg and FegOg gave reduced crushing 
strength, MgO and ZnO had no effect and 
AlaOsg ave increased strength. Actual strength 
values for various glasses range from 0*62 to 0*83 
kilobars (1 bar=l*02 kg. per sq, cm.) according 
to Winkelmann and Schott (Hovestadt’s “ Jena 
Glass,” Everetts' translation), or 0*64 to 0-92 
kilobars according to A. Lecrenier (Le Verre, 
1924,4,149) for tensile strength, the correspond¬ 
ing values for compressive strength being 6*9 to 
12-4 (W. and S.) and 7-6~91 kilobars (Lecrenier, 
l.c.). The values are not easy to determine, 

^ The depression constant Is the lowering of the 
zero produced by heating to 100“ and cooling quickly. 
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and the spread of results is generally large. 
The approximate tensile strength of plate glass 
is 0*87 kilo bars. Silica glass, according to 
R. Sosman (“ Properties of Silica, 1927 "), has 
values of 3-8 kilobars for tensile, and 19-5 
kilobars for compressive, strength. 

The effect of various factors on the strength 
of sheet glass may be summarised as follows: 
Nature of Surface. —Ordinary sheet according to 
A. E. Williams (l.c.) has a modulus of rupture in 
lb. per sq. in. of 0,111-12,755, rough cast plate 
5,500-8,025, polished plate 0,027-0,997, wired 
rough cast 5,640-7,900, wired polished 5,509- 
7,470 using specimens 18x2 in. (though (). 
Graf, Glastech. J3cr. 1925, 3, 153, found wired 
glass less strong than similar glass without rein¬ 
forcement). Method of Support. —O. Graf gave 
for 20x20 cm. test pieces of polished plate, 
ordinary sheet, wired, figured rolled and plain 
rolled specimens the values 7,250, 8,900, 5,410, 
5,410, 4,830 when supported on opposite sides. 


and 7.080, 18,040, 0,200, 8,110, 5,840 when sup¬ 
ported on all four sides. Duration of Loading .— 
For a uniform (hydraulic) pressure test Graf gave 
values 4,0)00-8,(>0t) for instantaneous breaking 
strength, and 3,300-4,600 for the strength under 
continued load (duration varying from 0 03-108 
hours). A. J. Holland and W. E. S. Turner 
(J. Hoc. Glass Tcich. 1940, 24, 4f)) found for a 
centre-loaded beam test that the mean time to 
cause fracture of small specimens 10x0-08 
X (0*205-0-285) cm. cut from sheet glass varied 
with the load as follows; for 100% of me‘an 
breaking load, 34 seconds; 90%, 97 seconds ; 

b minutes 4 seconds; 70%, 90 minutes ; 
00%,^ 10 hours 14 minutes ; 50%,' 39 hours 40 
minutes; 40%,' 33 hours 50 minutes. They 
tested 100 specimens in each category. Width 
of specimen and nature of finish of cut edges .— 
Holland and Turner {ibid. 1934, 18, 225; 1930, 
20, 72; 1937, 21, 383) illustrate the influence of 
these factors by the following tabic : 


Width 

(cm.). 

(Jut and lower 
edgeint-ension.* 
Modulus (kg, 
per sq. cm.). 

Edges ground and 

1 polished, 

! _ _ __ 

1 T'Jdges ground and 

1 fire-polished. 

Width ; 

(cm.). 

MckIuIus I 
(kg. per 
sq. cm.). 1 

i Widtli 

(cm.). 1 

Modulus 
(kg. per 
s(i. cm.). 

0*0-C)*7 

()03 

0*395 

040 

(>■4 

1 *299 

0-7-0-8 

570 

()*476 

020 

1 0*485 1 

1,274 

0-8-0-9 

504 

0*725 

584 

! 0-73 

1,114 

0*9-1 *0 

540 

0*730 

553 

1 0*775 

i 1.030 

1 *0-1*1 

534 

0*805 

579 

i 0*945 

991 

M-12 

533 

0*975 

549 

1 M9 i 

935 

1 *2-1*3 

500 

M7 

531 

— 

— 

1 *3-1*4 

498 

— 

— 

— 


I *4-1 *5 

494 

— 

! 

j 

i 

1 


liOU’cr afid more reproducible vuliiea obtained than when out edge is uppermost and in eompn-ssion. 


Spaa under Load. —Data from the Building 
liesearch Station show a fall from 9,5(K) lb. per 
sq. in. to 7,900, 7,800, 7,750, 7,750, as the 
span under tost increased from 0-7 in. to 10, 
20, 30 and 40 in. 

Impact Strength may be measured by the work 
in inch-ounces or g.*cm., etc., of a ball falling 
on the test ])iece, by the force of the blow of a 


swinging pendulum (or, rarely, the energy 
absorbed in the impact) or by height of fall of 
a given weight on to a ram in the hydraulic; 
shock test. Using the pendulum method P. W. 
Preston (J. Amer. Ceram. Soc. 1931,14, 428) has 
recalculated the data of A. E. Williams {l.c.) and 
gives the impact strength {fi) as: 


J 


18 E (Young’s Modulus in lb, per sq. in.) x P (ft. lb. to fracture) 
Ixbx thickness (all in inches) 


the values being as below .- 


Type, 

A , 

(average) 
lb. per sq, 
in. 

Average 
modulus 
of rup¬ 
ture, F. 

Batio 

Sheet single strength 

12,060 

8,270 

1*46 

„ double „ 

11,250 

7,880 

1*43 

„ 26 oz. . . . 

10,870 

7,460 

1*46 

,, 34 02. . . . 

10,460 

7,230 

1*46 

,, 39 oz. . . . 

10,540 

6,980 

1*51 

Polished plate, i in. . 

8,970 

6,030 

1*49 

Bough cast, lin. 

9,770 

7,780 

1*26 

„ ., {In. 

9,440 

7,500 

1*26 

Plain rolled, i in. 

8,060 

5,150 

1*67 

Wired, i in. . . . 

8,090 

5,570 

1*45 


In the falling ball test, specimens of J in. 
and in. thick of ordinary plate glass 14 in. x 
10 in. break at 16-7 and 23-1 in. drop of a 0*5 lb. 
steel ball or 14*5 and 19 in. drop of a 1*68 lb. 
ball, whilst toughened (“ Axmourplate ”) glass 
of similar dimensions breaks at 129 and 160 in. 
drop of the 0*6 lb. ball when simply supported on 
two rods 12 in. apart. The strength of glass 
fibres was found by A. A. GriflSth {Lc.) to in¬ 
crease from 1*715 kilobars per sq. mm. for 1*016 
mm. diameter to 2*912 for 0*1067 mm., 5*48 for 
0*0508 mm., 12*72 for 0*0152 mm. and 33*83 for 

' Mean time calculated from specimens that broke, 
The, proportion of specimens unbroken after 1,000 
hours increased from 0 at 70% load to all at 30% load 
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0 0033 mm. F. O. Anderogg (Tnd. Eng. Chem. 
1939, 81, 290) found the tensile strength T 
of fibres (in lb. per sq. in.) was related to dia¬ 
meter d (in 0-0001 cm.) by the equation : 


T 




600,000 

(d+0-2)2 


Classification of Glasses. 

As almost all glasses (-ontain silica, and, 
moreover, certain metallic oxides such as calcium 
oxide and sodium oxide, are present in many 
different types of glass, a simple classification 
based on composition is not available, and it 
is usual to classify glasses according to their 
use : 



Window glass. 

Plate glass. 


GUI 

Modern 

American 



French 

British 

(Ford) 

British, 


month- 

and 

tor auto- 


blown. 

American. 

inohilcH. 


SiOg . 

710 i 

72-5-73 0 

72-0 

72*0 


0-.7 1 

0-4~l'8 
008-0 10 

1 0-8 

0-5 

Cab 

155 

8-5-9'() 


9*5 

MgO . 

— 

2*5-3 0 

3 3 

Na.O. 

k,6 . 

12-2 

13*0-14*5 

15-3 

14*0 

— 

0-0-4 

— 

— 


(1) Lime-Soda Glasses for Common Use. 
—This type of glass is the most important, since 
bottles of all kinds, window- glass and plate glass 
are made from it, as well as many articles for 
domestic use such as the cheaper forms of 
tumblers and pressed table glassw-are. 

A. Common Bottles and Glass Containers .— 
Analyses of actual samples show that con¬ 
siderable diversity of composition exists. 


A, 

1 . 


3. 

4. 


6 . 

SIP 2 . . 

75-:U 

73-06 

74-0 

73-26 

65-20 

61-90 

B 0 O 3 

— 

— 

0-4 

— 

— 

— 

AI 2 O 3 . 

0-45 

1 -30 

0-5 

1-31 

3-52 

4-44 

FajOg 

0-.30 

0-30 

O-OG 

0-09 

2-20 

1-66 

CaO . 

6-83 

8-70 

8-5 

7-24 

9-48 

17-95 

MgO . . 

0-21 

0-17 

0-2 

0-17 

0-12 

6-38 

NaoO 

KoO . . 

13-78 

1,5-26 

16-0 

17-88 

16-05 

616 

3-41 

0-98 

— 

— 

— 

113 

ASgOg . 

(SbPa 

tr.) 

— 

trace- 

trace 

(MnO 

3-08) 

— 

Se . . 

— 

— 

trace 

trace 

- 

— 

CoO . . 

1 

— 

trace 

trace 

— 

— 


1 . (’ontliiental-iuadc soda-water siphon, 

2. Pressed meat jar (pale green). 

li. Modern colourless automatic-machine-made (x>n- 
tainer (good durability). 

4, Old type colourless automatic-machine-made 
bottle (poor durability). 

r>. Modem dark green beer bottle made on automatic 
feeder-fed machine. 

0 . Cliampagne hand-made wine bottle (continental). 

B. Pressed Olassivare of the cheaper ty})e8 
frequently has a composition somewhat similar 
to the bottle glass A 4. 

A considerable improvement in the appear¬ 
ance of pressed table-ware may be obtained by 
replacing the calcium partly by barium oxide, 
and the latter is accordingly frequently used. 

C. Window and Plate Glass from different 
sources do not vary greatly in composition, as 
illustrated by the figures given in the table at 
the top of the next column. 

D. Illuminating Glassware. —A good deal of 
the common illuminating ware such as lamp 
chimneys and globes and shades is made from 
a calcium-sodium or calcium-sodium-potassium 
glass, with or without other oxides. Calcium- 
sodium glass containing magnesium has come 
into extended use for the manufacture of electric 
light bulbs, replacing the more expensive lead 
glass. Common machine-made globes have a 


composition not much different from that given 
for the bottle glass A 4. Other calcium-contain¬ 
ing glasses for illuminating purposes are included 
for convenience in the section on illuminating 
glassware. 

(2) Lead-Containing Glasses.—The best 
British glass for tableware, known as English 
crystal, or heavy crystal glass, contains silica, 
lead oxide and potash, the proportion of lead 
oxide in the finished glass exceeding 30%. 

Lead oxide has, until a few years ago, been an 
important oxide in the composition of glass for 
electric light bulbs, the amount present varying 
from 18 to 30%. Other illuminating ware, 
especially in opal glass, usually has a lead oxide 
base. Glass rod and tubing intended for use in 
the manufacture of electric light bulbs has also 
hitherto contained lead oxide. 

As examples of lead-containing glasses, the 
following analytical compositions of commercial 
bulbs may be given : 



Britisli 
rod for 
electric 
lamps. 

English 

full 

crystal 

table¬ 

ware. 

German 
“ lead 
crystal.” 

Demi-crystal 

(foreign). 

SlOg. 

62-85 

63 1 

63-14 

62-88 

70-9 


— 

— 

— 

— 

2-0 

PbO. 

21*48 

35-1 

21-71 

19-84 

8-8 

AI ,03 

0-35 

0-15 

0-10 

0-29 

0-4 


0-10 

0-022 

0*008 

0-014 

0*1 

CaO® 

0-40 

— 


0-76 

3-8 

MgO 

0-10 

— 

— 

— 

— 

BaO 

— 

— 

— 

0-68 

2-6 

ZnO. 

0-93 

— 

— 

— 

— 

NasO 

9-00 

— 

2*02 

1-63 

— 

K 3 O. 

4-60 

11-4 

12-88 

12-83 

11-6 


(3) Chemical, General Scentific and 
Heat-Resisting Glassware may be of very 
widely different composition, which may be 
simple, such as in the case of Pyrex glass, the 
chief constituents of which are silica and boric 
oxide, or may be complex like the British 
chemical-resistant glasses, containing silica, boric 
oxide, calcium, magnesium, aluminium and 
sodium oxides with zinc oxide also in many 
cases. 

A. Chemical Glassioare. —The table given at 
the top of the next page states the t)ercentage 
compcjsition of some different types. 
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.I(Mm 

“Du¬ 

“ Kc- 
Hista.” 

r> rex. 

Mon- 

crieff 

Bros. 

Wooii 

Bros. 

Jf'iia 

(1920). 

British i)rp. 8 ent 
(lay types. 


ran.*’ 

(1920). 

(1924). 

(1920). 

1 . 

2 . 

a. 

SiO, .... 

7(M 

75-3 

80-0 

75-3 

71-2 

59-3 

74'6 

79-80-5 

66-5 

76-7 

B.O,. . . . 

AfjOa. . . . 

IbO 

15-8 

110 

11-3 

120 

9-0 

4-6 

12-13 

10-9 

11-2 

L75 

2*5 

20 

30 

3-5 

7-0 

8-5 

2-2-75 

3-9 

2-4 

FcjOq 

N.D. 

N.l). 

014 

N.l). 

01 

N.l). 

— 

— 

.—, 


ZnO .... 

— 

— 

— 

2-8 

— 

5-2 

— 


0-2 

2-4 

(BaO) . . . 

. .. 

.— 

— 

— 

—, 

— 

3-9 

— 

— 


CaO .... 

0-2 

0-7 

0-2 

0-5 

1-3 

50 

0-8 

0-2 

2-4 

0-4 

MgO .... 

— 

— 

0*3 

— 

— 

1-7 

01 

trace 

trace 

tra(^e 

Na»0. . . . 

5-4 

4.4 

3-8 


8*0 

8-8 

7*7 

3 

0-8 

4-8 

K 26 . . . . 

00 

M 

00 

/ '’-*1 

— 

2-9 

— 

0-0-5 

1-2 

1-5 

SbjOg . . . 

— 

1-3 



3-4 

— 

— 

— 

— 

— 

AS 2 O 3 

Approx, coef. of 
linear thermal 



0-7 





0-0-5 

0-2 

0-1 

cx])an 8 ion a x 10 ^ 

— 

— 

— 

i “ 

— 

— 


320-330 

504 

440 


B. Lawpworkin^ (Jims, from which light blown 
articles of glassware (condensers, absorption 
bulbs, pipettes, etc.) are made, may also vary 


considerably in percentage composition as indi 
cated in the following table : 


Percentage (.V)Mro.siTroN of Glasses for Lamp Blown Apparatus. 



British glassc.s (19:17-38). 

Jena thermoinetcr 
glasses. 

Lead “ 
glass. 

“ Soft soda ’’ glasses. 

Harder glasses. 


Amber. 

Resistant 

glasses. 

,79111. 

IGIII. 

SiO, . . 

50-0 

09-4 

08-2 

70-5 

09-4 

“Pyrea:,” 

72-8t> 

00-58 

AIjO, . . 

0-8 

3-8 

4-0 

1-0 

1-8 


0-24 

384 

B2O3 . . 

0-2 

— 

0-7 

— 

3-4 

Hysil,'* 

10-43 

0-91 

PbO . . 

30-2 

— 

— 

— 

— 

Wood 

— 

ZnO 6-24 

CaO . . 

— 

0-4 

5-5 

0-8 

9-2 

and 

0-35 

7-18 

MgO . . 

— 

— 

2-2 

3-5 

2-2 

others. 

0-20 

0-17 

NagO . . 

5-1 

13-8 

17-0 

10-9 

8-2 


9-82 

14-80 

K2O. . . 

7-2 

0-5 

2-2 

0-7 

— 


010 

trace 


— 

— 

— 

— 

2-3 


— 

— 

Mn304 . . 

j 

— 

— 

— 


3-1 


— 

— 


Some very soft glasses serving as seals on 
intermediate joints in lamp working operations 
are made either from lead oxide or with a con¬ 
siderable proportion of boric oxide. Others 
contain zinc oxide and boric oxide, these being 
fused with common soft soda-lime glass to form 
a soft sealing-in glass. 

C. Heat-Resisting Glass .—Glass made for the 
purpose of resisting chemical action is also 
heat resisting. Thus, Jena heat-resisting lamp 
chimneys had a composition similar to the Jena 
chemical glassware, whilst Pyrex glass is made 
not only into flasks and beakers, but is also 
pressed into dishes for cooking-ware. 

Under heat-resisting glassware, we in(;hide 
articles which not only have a high softening- 
point but will also withstand sudden changes of 
temperature—combustion tubing, and tubing 
for high temperature thermometers, chemical 


ware, lamp and gas chimneys, globes and 
cooking-ware. 



Kavalier 

combus¬ 

tion 

tubing. 

Jena 

miner’s 

lamp. 

Jena 
incandes¬ 
cent gas 
chimney. 

Austrian 
“ Sun 
Brand ’’ 
chimney. 

SiOj . 

79-57 

73-08 

73-88 

76-78 

B 2 O 3 . 

Af, 0 , 1 

— 

17-22 

16-48 

_ 

0-04 

r 1-981 

1 0-15/ 

2-24 

0-72 

CaO . 

7-80 

trace 

trace 

6-52 

MgO . 

0-11 

trace 

trace 

0-24 

Na„0 . 

0-60 

7-70 

0-07 

11-14 

KgO . 

11-00 

— 

trace 

4-74 

^^ 2^3 • 1 

— 

— 

0-73 

— 

MnO . 

— 

— 

trace 

— 
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Compositions of 



(inuffo glasses. 

Oven 

v'arc. 

Jena 
“ I?ura- 
bax. ’ ’ 

.Feiia 

Du- 

rax.*' 

Britisli. 

“ Py 
rex." 

Coming 

Glass 

Works.* 

S.Oj. 

87-7 

72-3 

71-77 ; 

80*6 

56-57 

BoCJg 

7-4 

JD 9 

7 * 2-121 

11*9 

6 

AfjOg 


5-6 

3-9 

2*0 

15-20 


— 

— 

0 - 4*9 

! — 

— 

CaO. 

5 0 

— 

0 * 2 - 0*5 

0*2 

5 

MgO 

— 


0 - 1*5 

0*2 

12 

Na.,0 

7-6 

9-7 

1 * 2 - 5*1 

3*8 

1 

Kfi. 

0-3 

0-4 

0 * 8-5 *2 

0*0 



* B.P. 477400, 477585, 477593, 479173 : all of 
30th June, 1930. 


(4) Optical Glass .—{See p. 606.) 

(.5) Coloured Glass.—The range of colours 
which it is possible to impart to glass is veiy 
great. If we include white or opal, it is possible 
to divide the coloured glasses into groups accord¬ 
ing to the origin of the colour. 

{(i) Coloured Silicates. —A number of oxides 
produce coloured silicates, e.g. Green : ferrous 
oxide, uranium oxide (fluorescent), chromium 
oxide and (at high temperature) manganese 
oxide. Blue; cobalt oxide and copper oxide 
(the latter under oxidising conditions). Pink or 
purple : manganese oxide and nickel oxide. 

(h) Colour Due to Colloidal Solution or Sus¬ 
pension. —The ruby colours due to gold, copjicr 
or selenium, are good examples. Each re¬ 
agent is added to the batch mixture as a salt, 
accompanied by a reducing agent (although the 
selenium may be added as such or may be 
reduced by the furnace flame alone). When 
ti^st made, the glasses are either colourless or 
have a light straw colour, but, on reheating, the 
ultra-microscopic particles of gold, copper or 
selenium, grow larger by segregation leading to 
the production of the ruby colour. If the last 
treatment is continued, the colour will ultimately 
become brown and finally, in the case of gold and 
copper rubies, visible particles may appear, 
resulting in the production of avent urine glass 
with copper-containing glasses ha^dng a high Cu 
content. 

Amber colours, due to colloidal carbon and 
possibly also producible by colloidal sulphur; 
and yellow, due to silver, are further examples. 

(c) Opals Produced by Separalion of an Emul- \ 
sion. —The calcium phosphate (bone-ash) opals 
appear to be due to this cause, the phosphate 
dissolving initially at high temperature and being 
precipitated from solution at a lower. 

(d) Opals Produced by Inclusion of Air or Qa^ 
Bubbles. See B.P. 364529, 364554, 25.6.30. 

(e) Opals Produced by Devitrification. —The 
devitrification may be due to deposition of 
silica, when the effect may vary from a mere 
cloudiness or smokiness to actual opalescence. 
Opal may also be formed by the separation of 
masses of CaSiOg or other siheates in very small 
crystals. The opacifying material in most 
commercial opal glasses is now believed to be a 
mixture of sodium and calcium fluorides. 


The Raw Materials for Glassmaking. 

The raw materials for glassmaking may be 
classified as— 

I. Fundamental materials, or those which 
yield the acid and basic oxides comprising the 
main substance of the glass; SIO 2, B ^ O3, 
AlgOg, NajO, KjO, LIgO, CaO, MgO, PbO, 
BaO, ZnO, FeO, and FcjOg. 

II. Fluxes: AS2O3, SbgOg, BgOg, Na2B40;, 
CaF^, KgSIFe, NaNOg, KNO3, (NH^lgSO^. 

HI. (a) Colouring agents : CuO, FeO, CoO, 
MnOo, Se, C, S, AuCL, NiO, Cr.O., VoO., 
NdgOg, PfjOg, N 3 g U 6 H gO . 

(b) Decolorisers: MnOg, Se, ASgOg, SbjOg, 
NiO, CeOg, CoO. 

(c) Opacifiers: SnOg, Ca3(P04)2, NUgAIFg, 
CaFg, NagSiFg, ZrOg, ASgOg. 

IV. Oxidising agents: NaNOg, KNO3, 
BaOg, Pb304, MnOg. 

Reducing agents: C (as coal, cok(* or 
other form of carbon), Zn, A I, Rochelle 8alt, 
SnO. 

It is to be understood that the basic oxides 
referred to above are generally used in the form 
of their salts. Only the more important 
materials are commented on in the section which 
follows. 


Acid Oxides and their SonicEs. 

Silica.—Sand constitutes the only really im¬ 
portant source of the silica which is present, in 
the majority of lead glasses, to at least 55%, 
and in calcium and other glasses to not less than 
66%. The degree of purity demanded in a 
sand varies with the type of glass to be made. 
Iron oxide is the impurity least desired by the 
glass manufacturer. It may be present as 
hydrated oxide, limonite (Fe203,H20) or may 
be associated with clay material, in bot of 
which cases it may be reduced by washing; or 
again, as a definite iron-containing mineral, 
such as ilmenite, in which case separation is 
difficult. 

The use of separating tables, e.g. Wilfley type, 
is sometimes found to give a good separation of 
heavy mineral particles from the sand whilst 
some can be removed by magnetic separation. 
For chemical methods, see B.P. 325386. 

For optical glass, the amount of iron oxide 
(as FCoOg) should not exceed 0’01% ; for the 
best tableware, not be more than 0*02%; for 
second grade tableware and chemical glassware 
up to 0 08 or even 0*1%; good quality colourless 
containers 0*04%; window glass 0-l*-0-15%; 
for dark-green bottle glass as much as 2-3% or 
even more. For practical purposes, there are 
no workable deposits of ftand in the United 
Kingdom capable of satisfactory use for good 
optical or the best tableware glass. Excellent 
sands are found in France at Fontainebleau; in 
Germany at Hohenbocka and Nievelstein; in 
the United States at Berkeley Springs, West 
Viiginia, and at Ottawa, Illinois, with good sands 
also at various locations in Pennsylvania, New 
Jersey and Massachusetts. Belgium has ex¬ 
cellent sand. The best British sands, at present, 
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come from Loch Aline, Reigate, Fairlight, King’s I The following table states the eomposition of 
Lynn, Aylesbury and Leighton Buzzard. | samples examined : 


Sami. 

SiOg. 

Al., 03 . 


TiOa. 

CaO. 

MgO. 

Nap. 

Kp. 

1 -OSS on 
igui- 
titjii. 

llemarkH. 

Dorentriip 

99-49- 

0-05- 

0-004- 

— 

0-02 

trace 

0-003 

-0-09 

0-12 

— 1 


99-87 

0-11 

0-01 








Nievelstein 

99-97 

— 

0-009 

— 

0-01 

0-006 

— 

— 

— 

— 

llohenbocka . 

99-71 

0-04 

0-014 

— 

— 

0-005 

0-04 

— 

0-04 

— 

Fontainebleau 

99-62 

0-163 

0017 

— 

(i-02 

trace 

— 

— 

012 

— 

Dutch : silver 

99-19 

0-20 

o-(X)y 

0-01 

0i(i 

trace 

0-12 

0-15 


1 sand. 











i Dutch : white 

99-17 

0-16 

0 013 

0-05 

0-12 

trace 

012 

0-14 


sand. 










1 

; Belgian . 

98-64 

0-62 

0-03- 

— 

0-31 

0-13 

0-45 

trace 

0-12 

_ 1 




0-04 








i Reigate . 

98-93 

0-67 

0-04- 

N.D. 

trace 

nil 

N.D. 


0-28 

— ! 




0-05 








Fairlight 

99-47 

0-24 

0-034 

N.D. 

0-29 

trace 

N.D. 


0-20 

1 

(washed). 






1 




1 

1 

Lynn, Boarn’s 

99*22 

0-27 

0-02 

0-05 

0-06 

0-06 



0-13 

— 

“ (3iempur.” 







0-08 



Lynn, Boani's 

99-82 

0-56 

004- 

— 

0-16 

0-02 

— 

— 

0-33 

— 

tlouble washes!. 



0-05 








Aylesford 

99-33 

0-31 

0-12 

trace 

0-04 

trace 

0-22 

trace 

0-12 

— 

Waen . 

96-63 

0-41 

0-03 

— 

0-16 

— 

0-26 

trace 

0-28 

('rush(‘d 











rock. 

Levenseat 

99-24 

0-39 

0-08 

0-09 

0-05 

0-03 

0-14 

0-04 

— 

Kinghorn 

92-92 

1 -50 

1-38 

tra<e 

1-90 

0-()0 

N.D. 

N.D. 

1-32 

— 

Muckish Mt. . 

99-55 

0-17 

0-02 

N.D. 

0-20 

trace 

— 

— 

0-16 

('rushed 











rock. 

Ottawa, Til. . 

99-48 

0-16 

0-02 

— 

0-11 

0-05 

— 

— 

0-13 

— 

Berkeley 

99-65 

0-11 

0-02 

— 

0-12 

trace 

— 

— 

0-23 

— 

Springs. 






! 






For British resources, see P. G. H. Boswell, 
“ Memoirs on British Resources of Sands and 
Crushed Rocks Used in Glass Making,” Long¬ 
mans Green & Co., London, 1918 ; also W. E. S. 
Turner, J. Soc. Glass Tech. 1940, 24, 197. 

For optical glass, and, generally speaking, for 
the finest tableware glass, impurities should be 
absent as far as possible, and the percentage 
of silica reach 99-5%. Except for iron oxide, 
the other impurities may even be an advantage 
in the glass when optical glass is not in prepara¬ 
tion, whilst the iron oxide is a useful constituent 
when dark bottle-glass is to be made. 

The size of the sand grain is also of importance. 
No particles should be incapable of passing a 
20-me8h sieve, and a good sand is one which 
consists mainly (more than 90%) of particles 
between 30 and TO-mesh, I.M.M. or the equi¬ 
valent B.S.I. sizes. The coarse particles are 
difficult to melt; the very fine material con¬ 
tains a greater proportion of impurity and may 
entrap line air bubbles. 

The specification of the Society of Glass 
Technology stipulates that sand for best colour¬ 
less glass shall not contain ipore than 4% mois¬ 
ture and when dried shall contain not less than 
99-4% SiOg and not more than 0*02% iron 
expressed as FejOj. TIO^ must not exceed 
0*06%, and all other colouring oxides must be 
absent. For sand for colourless containers and 
the like, the SiO® minimum is 98*5% and FCjOg 
maximum 0-04%. The gradings specified are; 


Remaining on No. 18 B.S.I. Sieve—Nil (for 
containers No. 15 B.S.I.). 

Remaining on No. 25 B.S.I. Sieve—Not more 
than 1%. 

Remaining on No. 30 B.S.I. Sieve—Not more 
than 5%. 

Passing No. 120 B.S.I. Sieve—Not more than 

5 %. 

Boric Oxide is added variously as borax, 
boric acid H3BO3, and as oxide, BgOg, the first- 
named being usable only when the glass con¬ 
tains sufficient sodium oxide to permit part of 
it to be introduced as borax. The borax may 
be added as the decahydratc, as a “ calcined 
borax ” with about 22% HgO, or as borax glass 
(anhydrous borax or “ Pyrobor ”) with about 
1% HjO. A crude borax in the form of 
rasorite is used to some extent for making con¬ 
tainer ware. A typical percentage composition 
is : B2O3 45-5, NUgO 200, H^O 26 0, AlgOg 
0-7, FegOj 015-f)-3, CaO 10, MgO 10, “ In¬ 
soluble 5-5. The oxide is usually too ex¬ 
pensive. Boric oxide bestows great resistance 
to corrosion by w^ater, and a small amount (1%) 
greatly improves lead tableware glass in this 
respect, whilst the best glass for water gauges 
and chemical and heat-resisting ware also con¬ 
tains it as an essential constituent. The bene¬ 
ficial effect reaches a maximum with 12 to 15% 
in simple soda borosilicate glasses but 
beyond this point durability deteriorates with 
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addition of B2O3. It reduces viscosity, serves 
as a valuable flux and is a good solvent for colour¬ 
ing materials. Accordingly, some colours which 
are due probably to colloidal solution are not 
readily developed in presence of boric oxide. 

Phosphoric Oxide is rarely met with in 
any considerable amount. It is employed in 
special optical glasses (e.gr. phosphate crowns) 
intended for use in protected portions of optical 
apparatus. Most phosphate glasses are readily 
attacked by atmospheric moisture and weather- 
ing agencies. 

It is also user! sometimes in small amounts in 
glass for tableware as it bestows on it a bright 
appearance. For such a purpose it has occasion¬ 
ally been added as bone ash but may better be 
added as sodium phosphate (Na2HP04). For 
optical glass, meta-phosphoric acid is the form 
employed. Phosphate glasses, in w hich the chief 
acid oxide is silica, are the opal glasses produced 
by the addition of bone ash or calcium phosphate. 

Arsenious Oxide (ASgOg) (technically 
“ arsenic ”) and antimony ozide (SbgOa) may 
be classified under the acidic oxides. Alumina 
probably also exercises an acidic; function, but 
it is dealt with below under basic oxides. 

Basic Oxides. | 

Calcium Compounds. —Calcium may be i 
added as carbonate, oxide or hydrated oxide. 
Precipitated carbonate and powdered calcite 
(limespar) may be used where impurities must be 
excluded. Chemical lime and soap waste (both 
industrial by-products) as well as limestone, are 
used for common bottle glass, though the by¬ 
products are rarely encountered nowadays as 
their variable composition leading to similar 
variations in glass composition does not suit the 
stringent demands of mechanical-forming pro¬ 
cesses. Burnt lime is largely used in American 
glass practice; slaked lime is used occasionally 
in Great Britain. 

Unless for dark green bottle-glass, the im¬ 
purity to be avoided is iron oxide. Precipitated 
calcium carbonate usually has negligible (juanti- 
ties of iron oxide, alumina and silica ; limestone 
may have larger amounts of each of these im¬ 
purities, and the iron may to some extent be 
introduced during the grinding of the limestone. 
When used for ordinary colourless glass, the iron 
oxide content should not exceed 0-04%. In the 
limestones, organic matter and 8o*ie phosphate 
may be present. Magnesia may or may not be 
considered as an impurity. In some cases it is 
deliberately added as dolomite limestone, in 
America as burnt dolomite. 

Calcium carbonate in all of its various forms 
has the advantage of evolving gas during the 
glass-melting operations, thus assisting in the 
stirring of the molten material. Burnt lime 
must be used quickly owing to its adsorption of 
moisture and carbon dioxide; to a smaDer 
degree slaked lime deteriorates also. On the 
other hand, burnt lime appears to dissolve more 
quickly than limestone in sodium carbonate and 
it is also free from organic matter. 

The Society of Glass Technology’s specifi¬ 
cation states (J. Soc. Glass Tech. 1937, 21, 


I. Limestone for Making Colourless Glass in 
Tank Furnaces. 

Moisture : not more than 2% as received. 
Grading : not more than 25% passing 120 B.8.L 
Standard Sieve. Composition : CaCO^ not less 
than 98-5%; FCgOg not more than 0 04%; 
C not as carbonate not more than 0*1% ; total 
non-volatile matter (N.V.M.) insoluble in HCI 
1 - 0 %. 

II. Limestone for Making C’olourless Glass in 
Pots. 

Composition and Moisture : as I. Grading : 
all to pass J-in. mesh and not more than 5% 
remaining on 14 B.S.I. Standard Sieve. 

Magnesium Compounds. —Electric light 
bulbs, sheet glass, tubing for gauge glasses, 
chemical glassware, some heat-resisting oven 
ware and (in U.S.A. particularly) some colour¬ 
less bottle glass, contain magnesia introduced 
into the glassmaking mixture either as dolomite 
or as calcined magnesia. Certain continental 
glassmaking mixtures contain talc. When used 
to replace lime in a soda-lime-silica glass mag- 
I nesia in moderate amount (up to 3% in the glass) 
reduces the annealing temperature and gives a 
longer range of temperature over which the glass 
can be manipulated in the forming operation. 

Sodium Compounds are introduced as 
sodium carbonate (technically soda ash), sodium 
sulphate (“ Saltcake ”), sodium nitrate (techni¬ 
cally “ soda nitre ” and “ Chili nitre ”) and borax. 
All of these serve as a source of sodium oxide for 
the glass, and the other constituents of the salt 
escape as gaseous-products except in the case of 
borax which, in addition, serves as a source of 
boric oxide. 

Practically all the soda ash employed is manu¬ 
factured by the ammonia-soda process. It may 
be “ dense alkali ” or “ light alkali ” dependent 
on its apparent specific gravity. The former is 
preferable. A variety “ Hpecial for Glass Manu¬ 
facture ” is available which contains less very 
fine material than the dense ash and has become 
the normal source of soda for glassmaking. 

The impurities are sodium chloride and small 
amounts of iron oxide and sodium sulphate. 
Soda ash is one of the most trustworthy products 
a glass manufacturer has to deal with. 

Sodium sulphate or saltcake had a great 
vogue in making bottle glass in Great Britain 
until the early 1920’8, and is still used to some 
extent in making flat glass. It was and still is 
cheaper than soda ash per unit of NdjO, but 
the cnnsidorably higher temperatures needed for 
successful melting and the greater corrosive 
action on the refractory materials have led to the 
substitution of soda ash almost entirely as 
regards container manufacture and very largely 
as regards that of flat glass. Another point 
against the use of saltcake was that about 5% 
of its weight of coal was nedfessary to effect com¬ 
plete decomposition but the precise amount 
varied with furnace conditions. Too little 
caused saltcake to float on top of the glass, 
attacking the refractories, and too much pro¬ 
duced an undesirable tint in the glass. In melt¬ 
ing Boda-lime-silica glasses, e.g, 5-10 parts per 
1,000 of sand in the batch, are often used for 
preventing scum on the surface and for speeding 
up refining. > 
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The aaltcake used in glaaaraaking is not always 
as pure as the soda ash available, notable 
amounts of chloride, bisulphate, insoluble matter 
(iron oxide, calcium sulphate) and water beii»g 
encountered. A good average sample should 
contain 05 96% N82804, and not more than 
0-1% FcgOa- Glass made with saltcako as sole 
source of Na20 takt's longer to prepare than 
that from soda ash. 

Sodium nitrate has a in.p. of 315° and therefore 
serves as a dux, whilst as an oxidising agent it 
prevents lead oxide in lead batches from being 
reduced to metalbc lead and also hinders the 
development of the green ferrous silicate. It 
is added only in conjunction with sodium car¬ 
bonate ; that is, it provides only the minor 
proportion of the total sodium oxide content. 

Borax, as N826407, serves also as a source 
of boric oxide. It seldom provides more than a 
small proportion of the total sodium oxide. 

Potassium Compounds. —Potassium car¬ 
bonate is the chief source. It may be added as 
K.2CO 3 or (to a much smaller extent nowadays) 
as the hydrated form KgCOg.H^O. The usual 
impurities are small amounts of potassium 
chloride and sulphate and possibly sodium salts. 
When U8(!d for making lead glass containing 
30% or more PbO the amount of SO3 left in 
the glass must not exceed 0-2% if the danger of 
producing opalesetmee is to be avoided. In the 
ease of chloride the limit is 0-5% Cl in the glass. 
Potassium nitrate and sodium nitrate are used 
for similar reasons and in like proportions. For 
chemical glassware, where the presence of 
alumina is also desired, potassium may con¬ 
veniently be added in the form of j>ota8h felspar 
(orthoclasc) K20,Al2036Si02. Such felspars 
always contain some NagO, a typical potash 
spar analysing SiOg 66, AlgOg 18, NagO 3, 
KgO 12% with small amounts of FCgOg and 
CaO. 

Lead is generally introduced as red lead, 
Pb304, but sometimes as litharge. Ix^ad disili- 
eate has been used to a smaller extent. The 
darker variety of red lead, containing an 
appreciable amount, c. 25% PbOg, is pre¬ 
ferred by some glass manufacturers, Beyers- 
dorfer’s process is claimed to provide a cheaper 
source of lead oxide. This consists in melting 
pig lead in a closed pan provided with an 
agitator and then adding sand and continuing 
the heating and agitation until the sand grains 
are coated with a layer of oxidised lead. The 
larger proportion of free lead thus obtained is 
corrected by the use of more nitrate in the batch. 

Barium Compounds. —Barium carbonate is 
the only one in extensive use. This may be 
selected natural witherite or precipitated 
BaCOg. The latter is not always so pure as 
good natural material as it may contain sul¬ 
phides. Barium sulphate has been used in small 
proportions in the U.S.A. as a refining agent for 
glass melting in tank furnaces. 

Zinc is added in the form of carbonate or 
oxide. 

Aluminium is added in various forms. It is 
generally present in smaller or larger amounts 
in the sand used and in the other raw materials. 
It is also absorbed in small amounts from the 
fireclay material of which the glass pots or the 
VoL. V.-36 


tank furnace blocks are made. For good colour¬ 
less glass, aluminium may be added as hydrate<l 
oxide, Alg 0„3H,0, or as calcined oxide, 
AlftOg, felspar, nepheline syenite, lepidolite, 
and china clay of low' iron oxide content. China 
clay has the disadvantage of being less easy to 
incorporate in the batch than the other sub¬ 
stances mentioned. 

For dark coloured bottle-glass, phonolite and 
other minerals containing alumina, silica and 
alkaline oxides, ground bricks or tiles, or even 
dried raw clay, have been used as sources of 
alumina. 

Opal glass is frequently made by the addition 
of cryolite, Na^AIF^. 

Alumina bestows mechanical strength and 
resistance to chemical corrosion on glass. The 
addition of small amounts (1% of the total batch) 
may make melting easier, but beyond 5%, 
a hot furnace is needed for fusion, and with 
10% or more the glass is not easy to work. 

Colouring Agents.—These have already 
been enumerated. Cobalt is added either as 
the pure oxide, or, since its colouring power is 
great, in a diluted form, as powdered blue, 
zaffre (an impure basic cobalt arsenate) or smalt 
(a glass made front powdered quartz, potassium 
carbonate and cobalt oxide, containing about 
2-7% of cobalt oxide. This glass is ground fine 
for use). Used alone, the oxide imparts a blue 
colour ; wdth manganese dioxide a violet colour ; 
and added in small quantities to copper and gold 
glasses, a bluish cast is given to the red colour. 
Cobalt oxide produces a faint blue colour when 
present in glass to the extent of only 1 in 100,(XK). 
One part per 1,000 produces a deep blue whilst 
the tint due to one part in a million is detectable 
in a thickness of several centimetres. 

Copper for the production of blue glasses may 
be added as oxide CuO or nitrate. When added 
as sulphate (copper vitriol) a greenish-blue colour 
is obtained. For copper-ruby glasses, either the 
red oxide CU2O or the black oxide CuO is used 
in the presence of some reducing agent. In con¬ 
junction with chromium compounds, various 
shades of green may be obtained. 

Chromium is employed most frequently in the 
form of oxide CfgOg, and potassium chromate 
or dichromate. Care has to be taken, especially 
with the oxide, to mix thoroughly with the 
batch owing to its limited solubiUty. In lead 
glasses a yellowish-green, and in calcium glasses 
a grass-green colour is obtain€?d. Barium 
chromate and copper chromate have also been 
used. 

Uraniumy producing a greenish-yellow colour 
in lead glasses and a fluorescent greenish-yellow 
in calcium glasses, is used in the form of sodium 
uranate Na2U207,6H20. Very little produces 
the fluorescent effect but an appreciable amount 
(2-5%) is needed to give a marked yellow colour 
in thin walled ware, and frequently other colour¬ 
ing agents are added to reinforce the tint and 
save uranium salt. 

Manganese. —The dioxide is the only man¬ 
ganese compound employed, usually in the form 
of the mineral pyrolusite. Under oxidising con¬ 
ditions, it produces a purple colour with sodium- 
and a violet with potassium-glasses. Used in 
conjunction with ferric oxide, varying shades 



562 


GLASS. 


of red. brown and purple may be obtained, 
dependent on the relative amounts and total 
amount of the two oxides, and on the presence 
of oxidising or reducing conditions during 
melting. 

Nickel oxide j)roduces a violet colour in potas¬ 
sium- and a red-brown in sodium- glasses. 

Selenium^ used either in the form of the ele¬ 
ment or as the selenite in conjunction with a 
reducing agent, for example arsenious oxide, 
gives rise to shades of red varying from pink to 
ruby. 

Selenium needs a reducing atmosphere, and 
is therefore suitable for tank furnace practice. 

The Glass Batch. 

General Composition.—A number of at¬ 
tempts have been made to establish a definite 
relationship between the basic and acidic oxides 
of a stable glass. The simple, two-component 
glasses composed of the sodium silicates (Water 
glasses^ see later) are not sufficiently stable for the 
manufacture of glassware. The introduction of 
a di- or tri-valent oxide, such as CaO, PbO, or 
AI2O3, brings about a large increase in stability. 
Most commercially successful glasses contain 
at least three components. Benrath (Sprechsaal, 
1884, 17, 266, 343) came to the conclusion from 
the examination of a number of good glasses on 
the one hand and of faulty on the other, that, 
with the special exception of certain optical 
glasses, the normal composition of satisfactory 
alkali-lime-lead oxide glasses should vary 
between the limits 

Na 2 (K 2 )Si 307 +Ca(Pb)Si 30 , 

and 6Na2{K2)Si307+7Ca(Pb)Si307. 

E. Tscheuschner (“ Handbuch der Glasfabri- 
kation,” Leipzig, 1885) deduced the following 
formula for a good glass containing the alkalis 
and alkaline earths, namely 

arA-h3/E4-3^~4-y^Si02, 

where xA represents the number of equivalents 
of the total alkalis NajO and KgO, yE of the 
alkaline earth oxides. 

Later Koemer (Sprechsaal, 1915, 48, 332) 
arrived at the conclusion that in lime-con¬ 
taining glasses, the proportion of silica should 
be greater when jx)tash is present than is re¬ 
quired for soda. Thus, when one equivalent of 
lime is present {i.e. y=l), the proportion of 
SiOg needed is 4(ar2-|- jjf both soda and potash 
are present, x representing the total equivalent 
of the alkaline oxides, and xk represents that 
of KgO, the amount of SiOj needed is 

if Na20 is in excess of KjO, whilst if the reverse 
is the case then the SiOg needed is 

Zulkowski (Chem. Ind. 1889, 22, 280; 1900, 28, 
108, 346) and later W. L. Baillie (J. Soc. Glass 
Tech. 1922, 6, T68) also attempted to correlate 
durability with composition, working on the idea 
of the ** basic excess ” as determining the ratios 


of complex and simple silicates present in the 
glass. More recently O. Knapp (Glashtitte, 
1930, 60, 364; Glastech. Ber. 1930, 8, 154; 
Keram. Kundschau, 1932, 40, 659) has claimed 
that in relating properties to composition better 
results are obtained by assigning factors to 
silicates and not to oxides. 

Certainly it is true that a calcium glass of the 
composition GSiOg, CaO, NagO shows great 
stability, and many of the commercial calcium- 
containing glasses may be represented approxi¬ 
mately by the so-called trisilicate formula, 
in which, for each 38102, CaO does not fall 
below 0-3 molecule. 

Whilst experience in the past appears to have 
led to this adoption of a trisilicate formula, it 
does not follow that for modern methods of 
treatment, it gives the most suitable glass. 
Peddle (J. Soc. Glass Tech. 1920, 4, 46) recom¬ 
mends a sodium-calcium glass of composition 
SSiOg, CaO, NagO for many types of hollow 
ware, l^yrex glass, on the other hand, contains 
as much as 92% of acidic oxides. 

Preparation of the Batch.—In modern 
plant specialising in the production of a limited 
variety of articles, such as bottles, the various 
raw materials are stored in large, concrete bins, 
arranged in a row, and at an elevation from the 
ground sufficient to permit of a truck or waggon 
to run beneath and collect from each bin the 
required qtiantity of material for the mixture 
or batch. In one system, a weighing machine 
mounted on a motor-driven truck propelled 
along a track below the storage bins, carries a 
cylindrical drum. By means of a series of 
indicators set by the management, several 
materials may be weighed separately into the 
drum, and when the required amounts have been 
obtained the drum is rotated by a second motor 
and the batch thoroughly mixed. The mixture 
is then emptied down a grating on to a 
conveyor belt which carries it to hoppers 
suspended over the feeding end of the furnace. 
Using such a system, one man can mix sufficient 
batch to maintain six large tank furnaces in 
continuous operation. Some factories, par¬ 
ticularly in the U.S.A., have even more elaborate 
arrangements in which the batch materials flow 
on to a moving belt through orifices, controlled 
by relays operated by the belt to discharge the 
correct amount per unit time, so that the proper 
weights of each material reach the hopper dis¬ 
charging into the mixer. Great care is taken in 
many plant to eliminate dust during mixing 
and handling. In the U.S.A. there is at present 
a marked tendency to transport mixed batch to 
the furnace by monorail in hoppers holding a 
“ unit batch ” all of which is charged into the 
furnace within a short time of mixing rather 
than to employ conveyors, with the consequent 
risk of (a) “ unmixing th^ batch by vibration, 
and (6) of segregation in discharging from the 
much larger storage hoppers used in the conveyor 
method. A few factories, e.g. the Ford works at 
River Rouge add bonding agents such as water 
and sodium silicate to the batch and press it into 
briquettes in order to reduce dust and segre¬ 
gation, claiming also greater ease of meltmg. 
The considerably simpler process of using batches 
containing 1-2% moisture in the case of soda- 
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lime-sand or 4% in alkali-lead f)xide-sand batch specially made for the purpose, consisting of a 
mixtures has much to commend it from this short cylinder with truncated conical ends, like 
point of view. Fig. 10 shows a layout typical of some types of concrete mixer, 
a large well-organised factory. At least two other types of mixing machine 

In other, simpler systems, the materials are are also used in batch preparation. The first 
weighed out into a truck and emptied into a is a trough mixer of the Gardner type in which 
mixing machine such as the Smith mixer, mixing or kneading blades revolve on a shaft 



Fig. 10. 


{Stein and Atkinson.) 


running through a horizontal trough, and the 
second, which in recent years has assumed con¬ 
siderable importance, is the so-called counter¬ 
current mixer of which the Eirich machine was 
an early example. In this type a pan is revolved 
about a vertical axis and a spider carrying mixing 
ploughs and crushing rolls is driven in the 


opposite direction. The various ploughs divert 
the material cither to or from the centre of the 
pan and the roll or rolls are set to crush any 
aggregates that may be present, but not to reduce 
the fineness of the material. 

Where the number of types of glassware made 
in a factory is so largo that many different 

















564 


GLASS. 


batches have to bo made up, as in certain pot- 
furnace works, a coiTespondingly small mixing 
plant is used, and may consist merely of a 
rectangular box rotating on an axis passing 
through one diagonal, or even of a simple barrel. 
Hand mixing is often employed, particularly 
when extreme purity of materials must be pre¬ 
served, as in mixing optical-glass batches. In 
this case the materials are weighed out into a 
wooden trough and mixed by a wooden scoop or 
shovel. 

Batches for Different Types of Glass.— 
The following batches will serve to indicate the 
general proportions of the various constituents 
used in making different glasses, especially 
illustrating the amounts of colouring, opacifying 
or decolorising materials required. Whilst they 
have actually been employed in practice, it docs 
not follow that the batches represent the best 
possible for any particular type of operation. 

The terms soda ash and potash, used below, 
correspond to anhydrous sodium carbonate 
(58% alkali) and potassium carbonate respec¬ 
tively. 

I. Lime-Containing Glasses. 

A. Bottles. 

(1) Quick-Setting Glass for iMrge Hand-Mads 
Beverage Bottles. 1,(X)0, limestone 500, 
soda ash 300, saltcake 100. 

(2) For Owen's Machine. —Sand 1,000, soda 
ash 360-375, limestone 175-240, dolomite 0-20. 

(3) O'NeiUy Lynch and other Feeder-fed 
Machinss. 

(а) Colourless. —First-grade sand 1,000, felspar 
0-100, soda ash 375, lirnespar 180-220, borax 
0-30, saltcake 0-7, arsenious oxide 1, pow'dered 
blue 0*06, selenium 0-03. 

(б) Amber-Coloured Glass. —Sand 1,0(K), soda 
ash 360-380, limestone 180-220, saltcake 8, 
carbon (as coal or coke) 10, graphite 1. 

B. Cheap Glass for Common Pressed 
Tumblers. 

(1) Sand 1,000, soda ash 400, lirnespar 
180, arsenious oxide 1, selenium 0-03. Cobalt 
oxide or powder blue, q.s. 

(2) Medium Quality Glass Tumblers. —Sand 
1,000, soda ash 300, potash 50, lirnespar 100, 
baryta 100, potassium nitrate 50, manganese 
dioxide, q.s. 

(3) Common Light Wall Tumblers.—See Batch, 
under C. below. 

C. Electric Light Bulbs. 

Sand 1,000, felspar 270, dolomite and lime¬ 
stone 230, soda ash 380, potassium nitrate 35, 
manganese dioxide 0*5, nickel oxide 0*02. 

D. Window Glass. ! 

(1) Sand 1,000, soda ash 260, saltcake 60, 
limestone 370, coal 2-3. 

(2) Sand 1,000, soda ash 350, limestone 90, 
dolomite 205, felspar 95. (Part of soda ash 
may be replaced by saltcake.) 

(3) (Briquetted batch for Ford Process.) Sand- 
1,000, limestone 292, soda ash 315, saltcake 73, 
charcoal 5-6, waterglass (42® B6) 40, water 40, 
cullet 225. 


' If. Lead-Containing Glasses. 

A. Best Crystal Glass for Tableware 
(English Crystal). 

(1) Fontainebleau (or equal grade) sand 1,000, 
potash 330, borax 30, potassium nitrate 40, 
red lead 660, arsenious oxide 2*5, manganese 
dioxide 0'2-()-3. 

(2) Semi-Crystal. —Fontainebleau (or equal 
grade) sand 1,000, potash 350, lirnespar 140, red 
lead 100, nickel oxide 0*02. 

B. Electric Light Bulbs. 

Fontainebleau sand 1,000, sotla ash 330, red 

lead 480, borax 90, felspar 70, sodium nitrate 50, 
manganese dioxide 2. 

111. Chemical, General Scientific and 
Illuminating Glassware, Gauge Glasses. 

A. Glass Tubing for General Chemical 
Purposes. —Sand (<0 04% FegOg) 1,000, fel¬ 
spar 367, lirnespar 220, soda ash 448, potash 
151, magnesia 4, manganese dioxide 2*75. 

B. Beakers, Flasks, etc. —Sand (<0*04% 
FegOg), 1,000, hydrated alumina 182, lirnespar 
182, mangnesia 15, potassium nitrate 30, soda 
ash 150, calcined borax 185. 

C. Gauge Glass Tubing. —Sand 1,000, fel¬ 
spar 350, magnesia 40, borax (granulated) 500, 
potash nitre 20, arsenious oxide 10. 

D. Ampoule Tubing. —Sand 1,000, alumina 
230, limestone 170, dolomite 30, borax (granu¬ 
lated) 300, soda ash 125, potash nitre 30. 

TV. Optical Glass {see p. 606). 

Coi.ouRED Glass. 

A. White, Alabaster or Opal. 

(1) Alabaster. —Sand 1,000, red lead 560, soda 
ash 490, sodium nitrate 50, sodium chloride 50, 
sodium fluoride 75, calcined alumina 225, felspar 
1,200, antimony oxide 5. 

(2) Cryolite Opal. —Sand 1,000, soda ash 230, 
potash 40, cryolite 100, felspar 100, fluorspar 
100, arsenious oxide 5. 

(3) Bone-Ash Opal. —Sand 1,000, potash 300, 
soda ash 70, bone ash 300, lirnespar 100. 

(4) Milk White Glass for Lamp Shades. —Sand 
1,000, soda ash 150, felspar 180, fluorspar 90, 
cryolite 80, tin oxide (SnOg) 40. 

B. Black Glass. 

Sand 1,000, potash 100, soda ash 250, lime- 
spar 150, manganese dioxide 100, copper oxide 
80, cobalt oxide 40, hammer scale (Fe304) 40. 

C. Red Glass. 

(1) Gold Ruby. —Sand 1,000, red lead 440, 
potash 290, borax 200, gold chloride 0*36. 
Sometimes bone ash, pyrolusite and iron oxide 
are added in small amounts, 

(2) Copper Ruby. —Sand 1,000, potash 200, 
red lead 300, cupric oxide 3, stannous oxide 10. 

(3) Selenium Ruby. —Sand 1,000, potash 300. 
soda ash 300, zinc oxide 200, cadmium sulphide 
15, selenium powder 10-15, borax 16 (less alkali 
than this is used in many cases). In these oases 
the ruby colour is generally developed on re¬ 
heating the glass at the mouth of the furnace or 
during passage down the annealing lehr. 
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D. Yellow Glass. 

(1) Amber Yellow. —Sand 1,000, soda ash 250, 
potash 100, limespar 100, sulphur 15, arsenious 
oxide 5. 

(2) Orange Yellow. —Sand 1,000, potash 120. 
soda ash JOO, liraeapar 145, })otaKHium nitrate 
5, uranium oxide 3, selenium 00, arsenious 
oxide 2-5. 

(3) Canary Yellow {Opal). —Sand 1,000, potash 
300, red lead J50, limespar 90, potassium nitrate 
50, calcium phosphate 30, borax 15, sodium sul¬ 
phide 7-5, Rochelle salt 7-5, cadmium sulphide 30. 

K. Green. 

(1) Vegetable Green. —Sand 1,000, soda ash 
300, limespar 180, potassium chromate 0*5, 
hammer scale 4, arsenious oxid(^ 4. 

(2) Golden 6 Vee/i.~Sand 1,000, potash 100, 
soda ash 200, burnt lime 140, red lead 30, cupric 
oxide 5, uranium oxide 12*5, arsenious oxide 5. 

(3) Aventurine Green. —Sand 1,000, soda ash 
350, felspar 220, fluorspar 100, bar ium carbonate 
180, potassium di(‘hromate 120, manganese 
dioxide 60. 

F. Blue. 

(1) Dark Blue. —kSand 1,000, soda ash 350, 
limespar 160, cobalt oxide 2. 

(2) Aquamarim Blue. —Sand 1,(K)0, potash 50, 
soda ash 250, limespar 16, copper vitriol 20. 

(3) Azure Blue. —8and 1,(X)0, ])otash 200, lime¬ 
spar 120, cryolite 120, copper vitriol 45, smalt 5. 

Sand of high grade is desirable in most cases 
for producing coloured glasses. 

Any batch taken from a list such as the above 
may reriuire adjustment to suit the article for 
which it is to be worked and the normal U^m- 
perature of the furnace. The colour also 


depends on : (1) the freedom of the sand or other 
raw materials from iron oxide; (2) the presence 
of oxidising or reducing conditions; (3) the 
nature of the other constituents present. Thus, 
as previously indi('ated, the same colouring 
agent frequently yields somewhat different 
colours according as the glass contains lead or 
calcium, or according as the alkaline element is 
sodium or potassium. 

In general, closed pots are most suitable for 
coloured glasses, although cobalt blue, iron oxide 
green, vegetable green and certain shades of 
amber can be made successfully in tank furnaces. 

In addition to the raw materials stated above, 
it is usual to add a proportion of previously 
melted glass or cuUet. The amount may vary 
between 20 and 50% of the weight of the raw 
batch. Whatever amount is used it should be 
kept constant and should be added in reasonably 
small fragments, particularly if it is not of pre¬ 
cisely the same composition as the glass to be 
melted. It is good practice to pass cullet 
through a jaw crusher and, if for colourless 
glass, to remove iron by elei*tromagnetic separa¬ 
tion before mixing with the batch. 

The Melting of Glass. 

A. REFliACTVJKY IMaTEKIAES US FI) IN 

.Making Puts and Tank-Furnace Blocks. 

The most important raw material is firecla}^ 
and the compositions of various types are given 
in Table Vlll. It should be noted that the 
clay in any of the localities mentioned may vary 
in composition from point to point both along 
and vertically across the deposit. 

The clays are hand-picked to remove iin- 


Tabi.b Vlll.— Percentage CuMrosmoN (by Analysis) of some Fireclays Used in the 
Manufa(^ture of Tank Blocks.^ 



SiOa. 

AI.O.,. 

CaO. 

MgO. 

FegOa- 

NagO. 

KgO. 

TiO.^. 

Ignition 1 
loss, i 

iStourbridge. 

55-7 

27-9 

0-51 

0-40 

1-76 

0*36 

0*71 

106 

11-5 

Halifax. 

54-1 

27-8 

0'31 

0*48 

2-86 

O'M 

0-92 

1-26 

11-9 ! 

Scotch . 

68-8 

18-9 

019 

0-41 

2-31 

0-32 

0-74 

M4 

7-1 j 

50-1 

29-8 

0-33 

0*65 

2-88 

013 

0*86 

1-34 

140 ! 

,, . 

50'9 

40-6 

0-45 

0*21 

3-84 

0*37 

0-6 

— 

a 

Cornwall (China clay) . 

48-3 

37-0 

0-41 

0-33 

0-71 

0’31 

0-84 

014 

11-9 

Dorsetshire (ball clay) . 

51-0 

31-2 

0-54 

0-62 

1-48 

1-62 

0*58 

116 

11-8 

Btdgium (Namur) . 

49-2 

32-3 

U02 

0-41 

2*74 

1* 

82 

1-84 

10-74 1 

„ (Delforges) 

53-5 

28-7 

0*51 

019 

1*49 

M6 

0-76 

13-62 : 


62-5 

221 

0-61 

0-14 

0-96 

1-04 

0-81 

11-7 1 

: France (Provins) 

65 

33 

0-2-0-4 

— 

1-5-1-7 

- 

_ 

.— 

— { 

j GTossalmerode .... 

70*4 

19-9 

0-24 

0*24 

1-81 

0-75 

0-91 

7-3 i 

I t . . . 

47-5 

34-4 

0-5 

10 

1*2 

_ 

- 

— 

14-4 

: Meissen. 

51-7 

33'3 

01 

0-9 

1-5 

0-6 

— 

11-8 

1 „ . 

72-3 

19-3 

— 

.— 

10 

0-3 

— 

7 3 

Wilds tein. 

47-9 

36-3 

0-2 

01 

2-2 

1-5 

— 

11-9 

Vallendar. 

65-3 1 

24-2 

— 

— 

10 

1-2 

1 — 

6-8 

KUngenberg .... 

49-8 1 

33'6 

0-5 

— 

1-68 

0-7 

2-0 

11-5 

America. 

59*6 1 

26-7 

0-42 

0-68 

1-31 

102 

M4 

10-1 

Andsia (St. Louis) . 

48-5 

36 0 j 

— 

0-37 

— 

0-68 

— 

9-1 

Russia (Briefer).... 

66-3 i 

310 

0-86 

0-59 

M9 

_ 

_ 

_ 

1 

8-5 

„ (Bobrik) 

43*1 

36-4 

0-39 

OHO 

M4 

0-61 

0*20 


17-9 

Indian Sillimanite ... 

32-3 

62-1 

0-68 

012 

1-76 

0-28 

1 

1-91 

0-9 


1 J. H. Partridge, “ Refractory Blocks for Glass Tank Furuaces,” 19JJ5, * Ignited sample. 
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purities, weathered by exposure, dried, crushed, 
and ground usually to pass 1-5-2 mm. aperture. 
Besides the raw clay, which may be plastic or 
“ lean ” depending upon its physical and 
chemical nature, previously fired clay called 
“ grog ” is used to reduce the drying shrinkage 


and to give stability during drying. To produce 
a dense structure by the mixture of these a 
variety of grain sizes of grog is needed. J. H. 
Partridge (Refractory Blocks for Tank Fur¬ 
naces, Society of Glass Technology, Sheffield, 
p. 11), 1935) quotes Table IX. to show the 


Kelativ’^e size . . . . 
Per cent, each size needed. 
B.S.I. sieve size . . . . 
Particle size (nim.) . 


Table IX. 

.r 0-415u; 0-225;r 

77 5-5 1-7 

5x17 12x25 20x28 

3-6 1-5 0-8 


0-175a; 0-11 5x very small 

3-3 1-0 11*4 

30x31 40x34 — 

0-63 0-41 — 


distribution of grog size to give a mixture with 
densest packing, assuming spherical particles. 
Using such graded grog the shrinkage varies 
with the amount of bond clay mixed with it, 
but the porosity of the fired mixture decreases 
up to 15-20% bond clay and then increases 
again. The grog used may be porous itself if 
prepared by cahaning fireclay or may be non- 
porous if of sillimanite, bauxite or quartzite. 
The mixture when wetted is well mixed in a pan 
mill or in a pug mill (formerly trodden by foot) 
and is sometimes subjected to vacuum to remove 
entrapped air that might spoil the dense struc¬ 
ture desired. The relative proportions of raw 
clay to grog and the size of the latter depend 
on the purpose for which the mixture is intended. 
j.»ow grog (20-35%) and fine grain is used for pot- 
making and similar processes whilst tank-furnace 
blocks are made with very high percentages of 
coarser grog. The raw clay is usually a mixture 
of a refractory clay (base clay) and one (bind 
clay) chosen for its binding properties. For 
potmaking the following has been used : Stour¬ 
bridge base clay 5, Stourbridge bind clay 4, 
grog 2, crushed old pots IJ, The amount of 
water varies with the raw clay content varying 
from about 6-22%. When mixed the clay mass 
is stored to “ sour ” for periods up to 6 months 
in order to acquire uniformity and plasticity. 

Pots are built up by hand from rolls of plastic; 
clay, raising the walls a few inches on alternate 
days. Alternatively they may be beaten up in 
plaster moulds. They may be open or “ closed ” 
and contain up to 30 cwt. of molten glass. 
Fig. 11 shows different types: (a) a closed or 
covered pot is used generally for the highest 
grades of glass melted in Great Britain. In 
one typo, the “ oval ” or “ dog-house ” pot, the 
distance from the mouth to the back is con¬ 
siderably greater than between the side walls; 
(fj) an open pot, used for plate glass and in many 
countries also for high quality glass, even optical 


glass; (e) a skittle pot, used in the furnace in an 
inclined position so that the workman can 
readily gather the glass; (d) a potette, used 
occasionally in tank furnaces where the charging 
has to be done at the sid(‘s and not at the end 



of the tank, and also where the temperature at 
the working end makes the glass too fluid. The 
glass from the tank flows into the potette 
through an opening near the bottom. 

Tank Blocks are made by several processes as 
shown in Table X. 


Table X.—Methods used for Manufacture of Tank Blocks. 


Process. 

Grog, 

%. 

Raw 

clay, 

%. 

Water, 

%. 

Drying 

time. 

Shrinkage 

in 

making, %. 

True 

volume 

porosity, 

%. 

Hand moulding, plastic . 

50-75 

50-26 

17-22 

3-4 months 

4-6 

27-30 

Hand moulding, ramming 

70-85 

30-16 

7-10 

8-14 days 

3-4 

27 

Mechanical ramming. . 

80-96 

20-6 

6-8 

4-5 „ 

0-2-2 

19-20 

Semi-dry pressing 

70-86 

30-16 

7-10 

3 

2-45 

13-26 

Extrusion .... 


As hand moulding, plastic 



Slip casting .... 

60 (min.) 

40 (max.) 

16-20 

2-3 months 

3-4 

24-35 

Fusion casting 

nil. 

100 

nil 

14 days 

10 

4 





(annealing) 
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In considering porosity, it should be remem¬ 
bered that the kind of pores as well as the total 
volume of pore space is an important factor. 
Mullite tank-blocks cast from electrically fused 
raw material to give the approximate composi¬ 
tion 3Ai203*2Si02 have been extensively 
used in recent years on account of their good 
outer texture and low rate of solution in colour¬ 
less soda-lime-silica glass. Slip cast sillimanite 
also is much favoured. Sillimanite itself has 
very good corrosion-resisting properties and 
the main difficulty in converting it into cor¬ 
rosion-resistant articles is in finding a bond 
for the grains which will itself withstand attack. 
To make a slip the well-mixed dry materials 
are added to water in a vessel (blunger) fitted 
with a stirrer and when the mass begins to 
stiffen a small amount of electrolyte in the form 
of sodium silicate and carbonate is added to 
deflocculate the clay. This gives a mass of 
pouring consistency with a much lower water- 
content than could otherwise be obtained. 
The mass is then poured into moulds of wood 
or plaster which are stripped away after the 
mass has set. The best amount and proper- ! 
tions of electrolyte must bo separately deter¬ 
mined for each type of clay mixture used. 

B. Furnaces. 

(a) Pot Furnaces are used for the prepara¬ 
tion of the finer quality glasses and in cases 
where a variety of compositions are handled at 
one and the same time. Using closed pots, the 
glass melting may l)e conducted out of contact 
with furnace gases and by claying up the joint 
l)etween the pot mouth and the stopper, volatile 
materials like selenium may bo retained to a 
greater extent than in tank furnaces. From 
1 to 20 or more pots holding 4-30 cwt. may be 
set in the furnace, which may be direct fired 
(practically obsolete), bo heated by gas from 
an inbuilt producer, or by producer gas from a 
distant generator. In a few cases coke-oven 
gas is used for heating. The floor or “ siege ” 
consists of thick fireclay or sillimanite blocks, 
and its shape may be circular, oval or rectangular. 
Rising from the floor are arches, the pillars of 
which are of fireclay, sillimanite or silica bricks 
(generally sillimanite), and the arch is of such 
dimensions as to accommodate a pot of definite 
size. A domed roof of silica bricks called the 
“ crown ” completes the enclosure. The under- 
structure depends on the mode of firing adopted. 
In the old direct-fired and the semi-gas-fired 
system, a circular firebox is built below the 
furnace opening into a circular hole in the siege 
called the “ eye ” through which flame passes 
from a coal fire, or round which combustion of 
gas should begin to reach an advanced stage. 
Either recuperation or regeneration is applied 
according to type of furnace. Fig. 12 shows a 
Teisen 12 pot “ Tetra ” recuperator furnace. 
The tangential burner gives good mixing of gas 
from the built-in producer and secondary air 
preheated by passage up the recuperator 
channels, and produces a flame filling the furnace. 
For a 12 pot furnace the “ eye ” has a diameter 
of 4 ft., and for an 8 pot furnace about 2 ft. 6 in. 
The pots are set in the arches as shown in the 


plan view, and the flame issuing from the eye 
sweeps over them, the spent gases being with¬ 
drawn through holes 17 in the pillars supporting 
the crown. The spent gases then travel through 
the recuperator as indicated by the arrows, and 
pass out into the chimney flue controlled by 
dampers 18. Great pains are taken to prevent, 
by the design and construction of the tube 
sections of which the recuperators are built up, 
all communication between the air passages and 
those for waste furnace gases. Regenerative pot 
furnaces are favoured where the melting schedule 
is such that the furnace can be driven as a whole, 
e.g. wffien melting in all pots overnight and work¬ 
ing out the glass through the day. The flame 
may be introduced through holes in the siege, 
firing from end to end, or through ports in the 
end or side walls (horseshoe or cross-flame 
firing). 

The pot, after being built up as already 
described, is allowed to dry slowly, devices being 
employed in modern plant to control the degree 
of humidity. Subsequently, the pot is stored 
for months in a room at about 65^F., the humidity 
being preferably controlled prior to use and 
is kept free from vibration. In preparation 
for the glass furnace it is first boated in a 
special furnace called a pot arch, in which the 
temperature can be raised slowly to about 
LKXrC. or 1,200°C., and the moisture, combined 
water and carbonaceous matter, driven off. In 
America, the foliow^ing rate of heating is con¬ 
sidered good practice: in 1 day, 75*^0.; 2 daj^s, 
120°C.; 3 days, 37UC; 4 days, 596"C.; 6 days, 
816°C.; 6 days ,1,025%’.; and 7 days, 1,160%. 
At the last-mentioned temperature the pot 
should be maintained for 30 hours. 

The process of “ pot setting ” next follows. 
The pot is removed from the pot arch on a heavy 
iron carriage and placed carefully in position in 
one of the arches of the furnace, and the front 
of the arch closed as rapidly as possible, pre¬ 
ferably by fireclay blocks made to fit the arch. 
The jib of the pot, J in Fig. 11 (a), is not rigidly 
built into the wall so erected until the pot has 
been well fired in the furnace. Otherwise 
shrinkage might throw such a strain on the jib 
a5 to cause a crack to develop just below it in 
the pot wall. The only part exposed is the neck 
or mouth of the closed pot, and into this neck 
or mouth a flat slab or stopper is placed. An 
open pot stands entirely behind the furnace 
wall, being worked through an opening in the 
latter. When in position the pot should bo 
allowed to remain empty for at least a day at as 
high a temperature as possible, short of incipient 
softening, before being glazed and filled. 

(h) Tank Furnaces are used for economical 
melting of large quantities of glass needed for 
mass-produced articles such as bottles and other 
containers, drawn sheet, plate, wired and other 
forms of flat glass, electric lamp bulbs and 
cheap domestic glass made by pressing. In size 
they may vary from a dead weight capacity of 
about 2 tons to 1,250 tons, the latter being the 
approximate capacity of one window glass tank 
in America. Furnaces of from 100 to 350 tons 
deadweight capacity are quite usual. 

Fig. 13 a represents the cross-section of a 
regenerative glass tank furnace. It will be seen 
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io be simibir, gt.‘iicraJly, to an oj>en hearth steel 
furnace. The bottom consists of fireclay blocks 
resting on mild steel laths themselves laid on 
mild steel joists of I-section supported on piers so 
that air has free access to cool the bottom. The 
sides, usually 45 in. high, may consist of three 
courses of fireclay, sillimanite or fused high 
alumina refractor^^ (c.g, Corhart), 9 In. or more 


in thickness, but in order to reduce wear on the 
refractories which is nearly always worst at 
horizontal joints, the top two courses may be 
made one by using blocks twee as deep, or 
a single course three times asi deep may be 
substituted. The crown of the furnace is of 
silica brick usually 12 in. thick and sometimes 
insulated. It may be composed of a number of 



{By permission.) 

Fig. 12,—Teisen Ke('operative Pot-Furnace. 


1 . liullt-iii step grate producer. 

2. Gas tight G.l. fire door. 

3. Gas tight CM. ash door with primary air O'gula- 

tion slide. 

4. C.I. step grate standard with M.S. fircplates. 

4a. Water inlet tubes to firebar plates. 

ib. Water outlet pipe from ash pan. 

5. Gas tight C.I. doors for glass pocket, 
fi. Central glass pocket. 

7. Air space beneath same, preventing downward 

flow of glass. 

8 . Secondary air pocket with trap channels to prevent 

flow of glass into recuperator. 

4. Tangential burner of specially shaped bricks. 

10. Highly refractory siege blocks. 


suspended blocks (Fig. 13b) bo that the shape 
and volume of the conbustion space above the 
glass can be controlled. The gas and air for com¬ 
bustion are preheated by passing through one set 
of regenerator chambers, say the left-hand 
pair, being controlled by the regulating tiles in 
the various uptakes on that side (up to 7 but 
usually 3-4 such), and mix in the port before 
issuing through the mouth of the latter to bum 


11. Four recuperators of special hexagonal tubes with 

horizontal waste gas and vertical zigzagging air 
passages. 

12. Side glass pocket. 

13. Air space beneath 12 preventing entry of glass 

into chimney flues. 

14. Cooling flues above recuperator arches. 

lo. Inspection chaiinids for main inlets of tangential 
burner. 

16. Inspection stoppers in waste gas channels beneath 

siege. 

17. Waste gas draw off holes in pillars. 

18. f’himney damper. 

19. Position of pyrometer tube. 


in the furnace above the glass, whilst the waste 
gases pass out through the opposite port, heating 
up the right hand regenerators on their way to 
the chimney. The extent of this preraixing is 
controlled by (a) the relative velocities of the gas 
and air streams, {b) the angle at which they meet, 
(c) the distance from the port mouth to the point 
at which the two streams first begin to mingle. 
This distance is controlled where necessary by 



















iG. 13a. —Section views of Regenerative Glass Tank Furnace. 
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prolonging the wall Bhown in a substantially 
horizontally direction to form a tongue of suitable 
length. After running 15-30 minutes so that 
the right hand side regenerators become heated 
up, the direction of the flame is reversed, air 
and gas going through the right hand chambers 
whilst waste gas goes out through the left hand. 
In many modern plant this reversal is controlled 
not by time but by the temperature reached in 
the regenerators. The refractories of the port 
mouth above glass level are usually silica, as 
are the side w'alls above glass level. These 
nowadays are carried by the steelwork of the 
furnace so that no load rests upon the blocks 
actually forming the bath to contain molten 
glass, enabling the latter to bo rebuilt as neces¬ 
sary without disturbing the upper structure. 
In normal usage a tank for melting bottle glass 


would have a life of at least 8-10 months and 
could be rebuilt many times before the upper 
structure needed serious attention. The space 
between upper and lower sidewalls is filled in by 
“ tuckstones.” The tank itself is nearly always 
divided into 2 parts by a bridge wall with a 
hole (doghole) in the middle well below glass 
level to permit passage of glass but not of surface 
impurities. Instead of this hole in the bridge 
some furnaces have a hole in the floor on each 
side of the latter joined by a “ submerged 
throat.” With some types of glass such a device 
is hard to keep open. In furnaces for melting 
sheet glass the fixed bridge is generally replaced 
by floating blocks which lock into each other to 
form a floating bridge. Several such may be 
used on one tank. The larger portion of the tank 
called the melting end has in good practice an 




area of about 10 sq. ft. per ton of glass melted per 
24 hours, the ratio of width to length being fre¬ 
quently 3:5 for medium to large furnaces. The 
smaller portion or working end is the reservoir 
from which the machines draw glass properly 
homogenised and cooled to the working tempera¬ 
ture. It has at least one day’s capacity. The 
depth of both portions is generally the same, 
namely 3 ft. 3. in to 3 ft. 6 in. for colourless glass, 
though some working ends are made shallower 
towards the point of discharge of the glass. 
Batch is charged into the furnace at a ” dog¬ 
house,” a kind of well built out from the end 
(sometimes in small furnaces the side) wall. It 
is either tipped from barrows, poured from over¬ 
head bins via a chute with sliding gate, or fed by 
a mechanical device. In the two former cases 
piles are pushed by hand with long rakes below 
a low jack arch into the furnace, the opening 
being left sealed by a pile of batch. Mechanical 


devices either push small charges forward by a 
reciprocating “ pusher ” (“ Hazel-Atlas ” type) 
or continuously feed batch forward by an 
Archimedean screw (“ Amco ” type), or combine 
both motions to push forward a large pile that 
has been fed into an enclosed extension of the 
doghouse by a screw device (“ Charlton ” type). 

The recuperation principle is also appli^ to 
tank furnaces, generally to small or medium 
sizes. Fig. 14 shows one type in general use. 

(c) Electric Melting Furnaces. V. M. 
Sauvageon (B.P. 18118/1909) attempted to 
melt glass by passing an electric current between 
carbon electrodes immersed in the mass. The 
use of metal electrodes or metal casing for the 
carbon was suggested. Later he devot^ much 
work to the development of furnaces heated 
by radiation from refractory parts {e,g, the 
crown of the furnace) which were packed with 
carbon granules to form resistors- Later and 
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more practical applicationa of electricity have 
been in two directions : 

(1) Furnaces Heated by Immersed Electrodes .— 
See E. Meigh (J. Soc. Glass Tech. 1931,15, T333), 
J. Ferguson (U.S.P. 1979609, 1979610 of 1934, 
2000278, 2006947, 2008495, 2018883, 2018884, 
2018885, 2018886, 2022112 all of 1935, 2101675 
of 1937), J. K. B. Kaeder (B.P. 350930 of 
1930), E. Cornelius (B.P. 303798, 3816(X) of 
1932), H. F. Hitner (U.S.P. 1610376, 1610377, 
1761342, 1815977, 1815978), British Thomson- 
Houston Co., Ltd. (B.P. 506366 of 1937), 
G. Slayter (U.S.P. 2212628 of 1940). Raeder 
used submerged carbon electrodes whilst 


Cornelius used submerged electrodes of verj’ 
pure iron particularly low in carbon. 

A Cornelius furnace of 12^ tons dead weight 
capacity has melted approximately 5 tons per 
day in a British Factory (Meigh, Lc.) for a 
period of 3 months for an av^erage (’ousumption 
of 1 kw.h. per 1*179 kg. glass. It v as concluded 
that if electricity were available at a coat of 
0*2d. per unit, electric melting could be made to 
compare favourably with that by coal. In 
America the Ferguson furnace has melted a resis¬ 
tant type of borosilicate glass very successfully 
with the limitation that, for economical working, 
the batch materials must be such that no volatile 



{Amco K.T.G.) 

Fig. 14.—Recuperative Gas-Fired Tank Furnace. 


products are given off during melting. The 
small unit is claimed to produce between 2 and 
3 lb. of glass per kw.h. depending on the com¬ 
position (Turner, J. Soc. Glass Tech. 1940, 24, 
T40). 

(2) Furnaces Heated by Radiation from Re¬ 
sistors.—See Soc. Anon, de St. Gobain (B.P. 
606696, 607280 of 1938). Pot furnaces heated 
by numbers of vertical exposed “ Silit ” or 
“ Olobar ’* rods have been described by H. 
Nathusius (Brown, Boveri & Cie, Glastech. Ber. 
1934, 12, 387) and Siemens-Schuckertwerke 
{ibid» 1934, 12, 388) in which temperatures of 
1300-1400® can be obtained. The current con¬ 
sumption is claimed to be 2-26 kw. per kg. glass 
for pots of 400 kg, capacity (Brown, Boveri) and 


6 kw. per kg. glass for pots of 35 kg. (Siemens- 
Schuckert). 

C. The Melting Process. 

Reaction between the constituents of a glass 
batch proceeds even with the solid materials, 
but it is enormously facilitated by the intimate 
contact brought about when melting occurs. 
Immiscibility of constituents is rarely en¬ 
countered in practice, some phosphate glasses 
and simple soda-borosiheate glasses are examples, 
but frequently immiscible layers first formed dis¬ 
appear with time or rise of temperature. Molten 
salts in general are readily soluble in one another 
(O. Sackur, Z. physikal. Chem. 1912, 78 660, 










572 


GLASS. 


564; P. Niggli, Z. anorg, Chem. 1916, 98, 241; 
M. Amadori, Atti R. Accad. Lincei, 1912, 
21, II, 67; 1913, 22, 11, 332) hence the fluxing 
effect of anch low melting-point salts as the alkali 
nitrates. In such a viscous medium as glass, 
reactions do not proceed to completion even at 
the mt'lting temperature in the time usually 
given. For this reason equilibrium diagrams do 
not completely indicate what occurs when a 
glass batch is heated. 

Volatilisation. —Ail water is not given off 
in melting, small amounts being retainetl most 
tenaciously in the glass (exclusive of surface 
adsorption) (K. W. Washburn, F. Footitt and 


E. N. Bunting, Univ. Illinois Expt. Sta. Bull. 
1921, No. 118; H. Salmang and A. Becker, 
Glasteeh. Ber. 1927, 5. 520; 1929, 7, 241; 

B. H. Dalton, d. Amer. Ceram. Soe. 1933, 16, 
425). Chlorides of Na, K, Fe, Sn, oxides of 
As, Sb, Pb, B, s(jdium sulphate and selenium 
are volatile but by no means completely re¬ 
moved. The amount of AS 2 O 3 volatilised when 
()' 2 - 2 % is added to a potash-lead oxide-silica 
glass is on the average 10 - 20 % of that added 
(W. F. S. Turner and eo-workers, J. Soe. Glass 
Tech. 1927, 11, 66 ). C. E. Gould and W. M. 
Hampton (Glass Ind. 1930, 11, 249) give, for 
their owui working conditions, the following 



Fig. 15.~Rate of Reaction ob' Batch Mixture to give Glass op Percentage 
Composition SiOg 75, NagO 15, CaO 10. 


figures for the volatilisation loss per 1% of the 
oxide originally present in the batch: NagO 
(added as sulphate) 0-06%, KjO (added as 
carbonate) 0-12%, BgOg 0*15%, ZnO 0*04%, 
PbO (up to 50% PbO) 0*014%. The loss of 
B2O3 in melting is well known. When this is 
added as H3BO3 the loss is liable to be greater 
than when borax is used. 

Progress of Reaction.—For a silica-calcium 
carbonate-sodium carbonate mixture, G. Tam- 
mann and W. Oelsen (Z. anorg. Chem. 1930,198, 
246) state that loss of COg begins at 600° with 
a heating rate of 10° per minute, and is complete 
at 860°. Up to 750-775° the main decom¬ 
position, beginning as low as 500°, is of calcium 


carbonate, after which sodium carbonate reacts 
with silica. Fig. 15 (from J. T. Howarth, 
F. R. R. Sykes and W. E. S. Turner, J. Soe. 
Glass Tech. 1934, 18, 296) shows the behaviour 
of the batch to give the glass SiO^ 75, Na^O 
16, CaO 10 made up (a) from 160-180 I.M.M. 
mesh quartz grains, similar calcite ones and 
sodium carbonate; (6) from materials of good 
commercial quality as used in pot melting. Fine 
grain size increases the rate of decomposition. 
The more silica present in the batch the slower 
is the rate of melting, not only because silica 
dissolves slowly in any case, but the increase in 
silica content makes the glass more viscous and 
slows up the solution rate still more. Tammann 
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and OelBeii state that the sequence of reaction in 
their mixture was as below : 


Tempera¬ 

ture. 

Ileaction. 

600-830" 

CciN^2(^02)24^2!Bi02 — ^ Na2Si03 
CnSIOg-f- 2CO2 

720-900° 

NagCOj-hSiOo-> Na2SI084 CO2 
Eutectic NagCOg+NagCa (003)2 

780° 

813° 

M.p. Na2Ca(C03)2 

855° 

M.p. Na2C03 

912° 

CaC03 ->CaOH CO, (/>-^760mm.) 
Na20a(CO3)2 — ^ CaO-F Na20 
+ 2CO2 

960° 

1,010° 

CaO“FSI02 CaSiOg 


With a red lead-potassium carbonate-silica mix¬ 
ture studied by the same workers the sequence 
was given as; 


'J’einpera- 

ture. 

Ileaction. 

600° 

Pb304->3Pb0+0 

670-730° 

Pbb+SI 02 -^PbSi 03 

750° 

1^2^0348102 —^ 1^2^^034002 


At 835° the lead silicate dissolved in potassium 
carbonate although molten lead oxide did not 
mix with the latter. 

Sintering or Fritting Temperature.— 
W. E, S. Turner and co-workers have deter¬ 
mined the temperatures at which mixtures 
cohered. For the j:SI02-Ca0-Na20-mixturcs 
(x—6 and 4) fritting took place in 5-10 minutes 
at 800° or at 750° in several hours, the 4Si02 
mixture needing a slightly higher temperature 
than that of the 6Si02 to give the same degree 
of cohesion. 

Later Stages of Melting. —At higher tem¬ 
peratures the 4Si02 mixture melted to a mass 
free from solid particles (batch free) at 1,100°, 
whilst the 6Si02 was not quite free at 1,200°. 
The rate of melting of a batch depends on its 
composition, i.e. on the specific batch materials 
as well as on the composition of the glass which 
it is to produce. Batches containing alumina 
are liable to produce a refractory scum on the 
surface of the molten glass, whilst the .same 
amount of alumina added as felspar is less liable 
to cause trouble. Silica scum is sometimes found 
on the top of tank-melted glass if the melting 
temperature is not very high and all the alkali 
is added as soda ash, whereas the inclusion of a 
little saltcake helps to prevent this. Grain size 
and the amount of moisture present also affect 
the melting rate. 

Refining.—The melting of an ordinary soda^- 
lime-silic^ glass results in the liberation of 
approximately 15% of the bat(‘h weight as gas. 
This has a marked effect on the melting rate by 
promoting mixing of unmelted constituents 
which might otherwise segregate. The use of 
all-burnt Ume in some U.S.A. batches has been 
criticised on account of their low “ volatile ” 
content. Much gas remains in the forin of 
bubbles called “ seed ” or “ boil ” according to 


size when the glass has become free from batch. 
The removal of this may be facilitated in two 
ways, (a) by reducing the viscosity either by in¬ 
creasing the temperature or by batch additions 
such as borax, salt cake, ammonium salts, a.g. 
the sulphate, fluorides {see Fig. 16, duc^ to 
H. Jebsen-Marwedel, whic;h shows the velocity 
of ri.se of a bubble through a window-glass melt 
in relation to its size and the temperature of the 
glass), or (5) adding to the melt when most of the 
seed has been removed some volatile substance 
that creates an upward rush of large bubldes 
which collect the finer ones so that when the 
turbulenc^e subsides the glass soon becomes seed- 
free or “ plain.” Sucii agents are lump 
“ arsenic ” (ASgOg) or ammonium nitrate for 
best quality pot-melted glasses, a potato or 
water-soaked wooden block about 4x4x2 in. 
stuck on an iron rod for ordinary pot glasses, 
and a common w et banana stalk for tank melted 
glasses. The work of F. Gclstharp and iS. K. 
Seholcs (J. Ind. Eng. Chem. 1912, 4, 16; Trans. 
Amer. Ceram. 8oc. 1913, 15, 585), Allen and 
Zies in U.S.A. (J. Amer. Oram. Soc. 1918, 1, 
787), and W. E. S. Turner and eo-workers in this 
cjountry (J. Soc. Glass Tech. 1926, 10, 3, 20; 
1927, 11, 65, 190, 205) showed that arsenious 
oxide added to the batch could not act as a re¬ 
fining agent by nmson of its volatility as had 
been widely believed, beeause most of the 
arsenic so added remained in the glass partly as 
ASgOg and })artly as ASgOg, their ratio being on 
the average 0-45:1 for the glass of percentage 
composition SiOg 75-8, CaO 9-6, NagO 14-4 
whilst tlic! loss varied irregularly between 
0-14-8% of the total added as that quantity 
varied from 1-10 j^aits per 1,000 sancl in the 
batcdi (Allen and Zies found for cjommercial 
glasses losses of 11-33%). Turner (/.r.) found 
no evidence that arsenious oxide acted as a 
flux in soda-lime-silica glasses though it did 
for potash-lead oxide-silica glasses. When used 
with nitre in the batc h, a definite increase in rate 
of refining is obtained. 

Gullet.—The proportion of waste glass or 
“ cullet ” roturneci for remolting varies with the 
process, and some small firms making containers 
use little else. In general the cullet used com¬ 
prises 25-45% of the total material melted for 
bottle manufacture, 55-60% for electric lamp 
bulbs and 50-75% for lead crystal. Melting is 
assisted by its inclusion, but above 60% it 
appears to retard the rate of refining of soda-lime 
glasses (F. W. Hodkin, H. W. Howes and W. E. S. 
Turner, ibid. 1929, 13, 25) although this is not the 
case with potash-lead oxide glasses (S. English, 
G. A. Green, F. W. Hodkin and W. E. S. Turner, 
ibid. 1929, 13, 37). Careful laboratory experi¬ 
ments have shown that provided the cullet and 
batch are mixed and melted to produce a homo¬ 
geneous glass there are no differences in physical 
properties which cannot be explained by differ¬ 
ences in chemical composition even when cullet 
was remelted nine times (V. Dimbleby, H. W. 
Howes, W. E. S. Turner and F. Winks, ibid. 1929, 
13, 304). As used in works practice, however, 
the size of the cullet and its chemical com¬ 
position is such that complete homogeneity 
cannot be reached during melting. This does 
lead to irregular physical properties, particularly 
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brittleness, and for this reason it is good praetice 
to crush all ciiJlet used to a size depending on the 
type of ware being made. 

Moisture in the batch gives improved melting 
when in small amount (c. 1-2% for soda ash, 
4% for saltcake or potash-lead oxide glasses) 
and seems to improve the refining of saltcake 
glasses. If present to the extent of more than 
5%, the glass tends to become viscous through 
inhomogeneity. 

Decolorising.—All “colourless” glasses 
contain some iron oxide which gives them a more 
or less pronounced bluish or yellowish-green 
tint if no steps are taken to counteract the effect. 
If the total iron expressed as FCgOg does not 
exceed approximately 0 09%, it may be masked 
by the addition of “ decolorisers ” to the 
batch. These act either chemically by oxidising 


the iron largely to the ferric condition, the colour 
being then less noticeable, or physically by giving 
to the glass a complementary tint so that, al¬ 
though the light transmission of the glass is 
lowered and it thereby appears slightly duller, 
it has no definite colour. Chemical decolorisers 
are nitrates, manganese and cerium dioxides, 
arsenious oxide, which is always, and esjpecially 
with nitrates in the batch, converted partly to 
arsenic oxide which can give up oxygen if neces¬ 
sary at a late stage of the melting process to keep 
the iron oxidised, whilst among the physical 
decolorisers are manganese dioxide, nickel and 
cobalt oxides and selenium. Chemical methods 
alone cannot deal with more than 0-03-0*04% 
FegOg. With higher amounts a residual tint 
remains that can only be suppressed by use of a 
physical decoloriser. In pot melting from best 
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quality materials very little decoloriser is 
needed, less than 0*2 parts MnOg per 1,000 sand 
with 1-2 parts ASgOg being enough for lead 
crystal glass. With a potash glass, nickel oxide 
may be used, but with soda glasses a brown and 
not a pink tint is given which is more intense 
than that given by manganese, and the amount 
required is only of the MnOj If 

cerium oxide is employ^, then it is claimed 
that much less physical decoloriser is needed. 
Nickel is preferred to manganese, where it can 
be used, since it is not so sensitive to the furnace 
atmosphere, for when reducing gases are present 
the pink tint imparted by manganese fades and 
may turn to a green which makes the colour 
worse than ever. In the slightly reducing con¬ 
ditions that prevail in tank furnaces the best 
decoloriser is undoubtedly selenium with cobalt 
oxide to give full colour compensation. Arsenic 


is also added, the amounts generally employed 
per 1,000 lb. sand are 0-4-0-7 oz. Se, 
that amount of cobalt oxide or the equi¬ 
valent of “ powder blue,” and 1-3 lb. As^Og. 
Much research on the behaviour of selenium 
has shown that it can give rise to colours from 
(a) elementary Se (pink), (6) polyselenides 
(brown), whilst selenides, selenites and selenates 
gave no colour. The importance of furnace 
atmosphere and of batch composition (oxidising 
or reducing constituents) was made clear by 
W, Hdfler (Glastech. Ber, 1934,12,117, also with 
A. Dietzel, idtd,, p. 297). It has been shown 
that carbonaceous matter in a sand may, if not 
too large in amount, actually improve the 
decolorising action of selenium, but that too 
much produces the brown selenium coloration. 
If only very slightly in excess, the use of a small 
amount of nitre will restore the balance. 
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Dftvitrificatian. —In cooling down the 150- 
200® between melting and working temperatures 
and even more in standing at the lower tempera¬ 
tures obtaining in such parts of furnaces feeding 
automatic machinery as feeder channels and 
sheet glass drawing chambers, the glass is liable 
to “ devitrify,” that is crystalline material 
separates from solution. The same effect may 
take place at the sidewalls or on the bottom of 
the furnace or in any place where the tempera¬ 
ture remains continuously lower than the 
liquidus temperature of the composition. In 
general the fewer the glass components the 
easier it is for devitrification to occur. 


The tendency of a glass to devitrify may be 
directly determined experimentally by heating a 
small specimen at a definite temperature for a 
time long enough to permit the establishment of 
equilibrium condition and then cooling quickly 
(“ quenching ”) to preserve any crystals that 
may have developed. This method has been 
applied with conspicuous success by the Ameri¬ 
can Geophysical Laboratory investigators, 
notably by G. W. Morey and co-workers, to the 
drawing up of equilibrium diagi'ams showing the 
stability relationship of the various crystalline 
phases that may separate from glasses. An 
alternative method of study is to heat a speci- 



Fio. 17.— Equilibrum Diagram for System NajO SiOj—CaO SiO^—SiOg. 
{After Morey a7id Bowen.) 


men in a shallow boat of platinum in a furnace 
having a fairly steep temperature gradient along 
the length of the boat. After attaining equili¬ 
brium conditions the boat is removed, cooled 
and the nature and disposition of any crystal 
forms deteiminsd, their position in the boat 
being eomlated with the fiimace temperature- 
gradient (G< Tammann, Z. anorg. Chem. 1914, 
87 , 24i; J. F. Ponomarev, J. Soc. Glass Tech. 
1927, 11 , T39; W. B. Silverman, ibid. 1937, 
21 , Tli8 ? B. Preston, ibid. 1940, 24 , TIOI, 139). 
Equilibrium diagrams as presented in two di¬ 
mensions usually show either (a) freezing-point 
data for the various compounds, (b) isotherms 


in the various “ fields ” or (c) boundary curves 
and tie-lines. The complete representation of 
the relationships in a three-component system 
such as Na^O—CaO—SiOj is only possible by 
a solid figure and the diagrams mentioned are 
merely various sections of this figure. Fig. 17 
shows the boundary curves and tie Enes, i.e. the 
composition of the various compounds and the 
fields containing the Uquid compositions within 
which they may exist in equilibrium, for the 
Nag 0 *Si 02 ~-Ca 0 *Si 02 —SlOg part of the 
Na.O—CaO—SiOo system, according to 
G. W. Morey and N. L. Bowen {ibid. 1925, 9, 
226). In this region of the system there are seven 
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compounds, namely SiOg (as quartz, tridj^mite 
and cristobalite), CaO-SiOg (in two nioditi- 
cationK, wollastonite and pseiido-wollastonite), 
NagO SiOg^NagO 2Si0g,2Na20 Ca0*3Si02, 
NagO 2CaO aSiOg and NagO 3CaO BSiOg 
(devitrite). The last named is a I'requcnt 
Hc]>aration when comnuucial bottle glass 
devitrifies. 

Fig. 1 8 shows a portion of the data for the 
system KgO—CaO—SiOg according to G. W. 
Morey, F. C. Kracek and N. L. Bowen {ibid. 


1930,14, T1C2), and some properties of a number 
of important crystalline compounds that may 
occur in glasses are reproduced in the table given 
on the next page. 

For further references to work on this subject, 
sec, the following: NagO—SlOg, G. W. Morey 
and N. L. Bowen (J. Phys. Chem. 1924, 28, 
1167); F. C. Kracek {ibid, 1930, 34, 1583). 
KgO—SiOg, F. C. Kracek, N. L. Bowen and 
G. W. Morey {ibid. 1937,41,1183). CaO—SiOg, 
N. L. Bowen, J. F. Schairer and E. Posnjak 



Bpi. 1933, 26, 193). PbO—SiOg, 
IfeAB. A. S. Creamer and E. N. Bunting 

Nat. Bur. Stand. 1934, 13, 237). 
Llgd—SfOg, F. 0. Kracek (J. Phys, Chera. 
1930, 34, 2641). NagO—BgOg, G. W. Morey 
and Hi E. Merwin (J. Amer, Chem. Boo. 

1936, 58, 2248). PbO—BgOo, R. F. Geller 
and E. N. Bunting (J. Res. Nat. Bur. Stand. 

1937, 18, 685). KgO— PbO—SiOg, R. F. 
Geller and E. N. Bunting {ibid. 1936,17, 277). 

NagO—MgO—CaO—SiOg 

(partial), G. W. Morey (J. Soc. Glass Tech. 1936, 


20, 245; J. Amer. Ceram. Soc. 1930, 13, 714). 
NagO—CaO—SiO#—BgOg (partial), G. W. 
Morey {ibid, 1932, 16, 457). 

NagO—CaO—AlgOg—SIOj, 

G. W. Morey {ibid. 1930, 13, 718). Sheet 
Glass, E. Preston (J. Soc. Glass Tech. 1940, 24, 
139). 

Morey showed that when AlgOg replaced CaO 
in the parent glass, 


MIN agOOeSCaO-eSiOg, 
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it lowered the liquidus temperature from 1,075'' 
to 997 '" at 2 % AlgOg by weight, furtlior additions 
raised the temperature to a maximum of 1,028" 
at 8 % addition, tlie minimuiu of approximately 
1,0(K)'' was rea(‘hod at 11-5% after which further 
increase in AlgOy raised the tcunperature. The 
primary phase separating was tridernite up t() 
2% addition, devitrite (NaoO SCaO-SSiOg) 
2-8%, wollastonite (/^CaO-SiOa) 8-17%. 
In another series where AI 2 O 3 was added to the 
same parent glass instead of substituting CaO, 
a similar but not so large drop in the licpiidus 
teinperatui'e was brought about by 2 % addition. 
Addition of 2-4% MgO to a similar parent 
glass was shown by Morey (/.c.) to prodm^e the 
striking drop of 200 '' in liquidus temperatur(‘, 
the separating phase bet'otning devitrite in¬ 
stead of tridymite. With larger additions the 
li(|uidua temperature ris(‘s again and the 
separating phase becomes diopside, 

CaO Mg0-2Si02, 

which crystallises readily. The effect of MgO 
an<l AI 2 O 3 in thus lowering the li<}uidus tem¬ 
perature of soda—lime-silica glasses tnakes them 
useful additions to reduce the tendency of suc h 
glasses to devitrify. The soda-rnagnesia-linu'- 
silica glass used for electric lamp bulbs and the 
addition of alumina to batches for })roducing 
tubing, bottle, optical and resistaru^e glasses are 
examples of such practice. Magnesia is rarely 
used in amount greater than 2*5-d% and the use 
of AlgOg is rarely above 4-5%. 

Substitution of part of Na 20 by KgO is fre- 
(piently beneficial. It. is dangerous to make 
general statements, however, as a small change 
in composition may move the glass into another 
field with liquidus temperature higher rather 
than lower that of the original. 

Alumina is a very iinjiortant constituent of 
opal glasses, most of which may be regarded as 
special cases of devitrification. 4'he nature of 
the opacity may be controlled to a great extent 
by the amount of AlgOg present, thus, with 
none at all, fluorides may produce; no opaeuty, 
with 4 - 0 % a good opal, and w ith higher amounts 
only a slight opacity. Small amounts of 
chlorides and sulphates also modify the type of 
crystal separation. 

E. Zs(;himraer and A. Diet/.el (Sprech.saal, 
1929, 62 , 506, 543, 502, 584, 003, 019, 038, 057 ; 
J. Soc. Glass Tech. 1929, 13 , Abs. Nos. 404, 
012 ) with co-workers determined the maximum 
crystallisation velocities and temperatures at 
which this occurs for a number of types of glass. 
They state that for 

NagO—CaO—SiOg 

glasses the least devitrification tendency 
occurs when the sum of the NagO and CaO 
contents is approximately 20 %. W. HUnlein 
(Z. tech. Physik. 1933, 14 , 418) has studied the 
behaviour of the SiOg—CaO—NagO—KgO 
glasses. For lead oxide glasses with constant 
PbO the effect of variations in SlOg and KgO 
is shown by W. Hirseh (Glastech. Ber. 1932, 10, 
025) in the following table {see also K. Gepperi 
and A. Dietzel, Sprechsaal, 1934, 67 , 591); 


KgO. 

PbO. 

SiOg. 

Tenipcua- 
tiire of 
niaxiiiuiin 
crystali- 
Hatiou 
Velocity. 

Tempera¬ 
ture at 
which 
glaBs atid 
crystal in 
ccpiill- 
brlum. 

Maximmii 
crystalisatloij 
velocity 
(V. max.). 

(rU8 


6U-42 

1,370 

1,405 -t 5 

79-5 u/inin. 

8-07 

a:}()7 

.^»8-6l) 

1,200 

1,325 

1 30-7 „ 

10 16 

aa-u4 

56-63 

1,050 

1 225 

3-51 „ 

1216 

3304 

54 55 

850 

lidSo 

6-0 u/iiour. 

14(m 

33(6) 

52-62 

1 

700 

860 



The Manufacture of Different Types 
of Glassware. 

The manipulation of glass and its formation 
into articles of glassware can be tfirried out 
entirely by hand, but machinery has almost 
entirely displaced hand labour in the manu¬ 
facture of the common types of glassware 
<*apable of being produced in bulk to a 
standard pattern, in ])ractieally all eases the 
molten glass in the furnace is taken and shaped 
straightway into the articles required. Two 
exceptional cases are: ( 1 ) the manufacture 
of better-class optical-glass lenses and jirisms, 
where the pot of glass is allowed to cool down 
slowly and the cold pieces of glass form the basis 
of further working; ( 2 ) the lamp working or 
bench-glass blowing industry, the raw material 
for which consists of glass tubing or rod pre¬ 
viously made at the furnace. 

Manipulation by Hand.—The processes and 
tools used are numerous ; tw o or three of them 
are common to almost every operation, some 
othfTs are also of very geniTal use. Thus, 
gathering glass on a blowpipe and marvering it 
or shaping it in a shaping block are the usual 
initial stages in making any glass object. 

Fig. 19 (lepii'ts several of the more essential 
tools, such as the tongs, shears, callipers, and 
flattening boards. The blowpipe is an iron tube 
about 4 ft. 0 in. long and g-1 in. external 
diameter, has a rounded end for mouth-piece 
and a “ thickened nose," usually slightly 
trumpet-shaped, on the end of which glass is 
gathered by dipping into and rotating in the 
molten glass. The marver is a polished iron plate 
on which the gathered mass is rolled on the end 
of the blowpipe until it attains a cylindrical 
form, called the parison^ either hollow^ or solid, 
the hollow form being obtained by blowing down 
the pipe. The glassmaker’s chair seen in Fig. 22 
has projecting arms on which the blowpipe ia 
rolled backwards and forwards in order that 
the spinning or rotating shall preserve the 
rounded outline of the vessel. At this chair sits 
the master workman, or glassmaker, who 
finishes the article by means of various tools 
in eonjunetion with rotation of the pipe. 

The various types of hand operation may be 
classified as ( 1 ) free hand work, involving 
gathering, marvering, bhiwing and drawing as 
in making glass tubing; ( 2 ) turned work, or 
chair work, involving, possibly, all the preceding 
processes together with the use of t/ools; ( 3 ) 
mould-blown work, in which the raarvered 
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gathering is blown out in a mould—bottles, 
electric lamp bulbs, beakers and basks ; (4) com¬ 
bined mould and turned work. This last is now 


common. Nowadays the bowl of a wine glass 
is frccpiently blown in a mould and the stem 
and foot added at the (Lair. Although at least 



{by permissitm of ^Stuart <i' Sons.) 
ri(.'. 19.- 1 ooT.s J'OR Hand IVIanjj'ulatic'N. 


40 velars old this is still known as “ N^w' Pro¬ 
cess ” in the Stourbridge trade. 

The diagrams (Fig. 20) serve to illustrate tlu' 
operation of producing the hand-made tumbler, 
that is, an example of turned wa)rk. A very 
small cpiantity of glass is gathered on the 
end of the blowpipe and blown out into a 
small bulb (a). This in turn serve's as the centre 
round which a further gathering (b) is made, suffi¬ 
cient for the size of the tumbler on order. By 
blowing down the pipe and also rotating the 
mass of glass in a shaping bloc k, the shape (r) 
is obtained, the constriction being made so that 
eventually the fully blown vessels can be de¬ 
tached readily. By swinging the iron slightly, 
and by the further use of the shaping bIo(‘k, the 
parison is given a slightly conic'al shape ((/), after 
which, by blowing and swinging, shape (c) is 
obtained, and finally (/), after the somewhat 
thicker hw^ttom has been flattened out by con¬ 
tact with a flat and perfectly smooth iron plate. 
The pipe is detached by drawing a tool across the 
constricted part of the slioulder while the vessel 
is still hot and then giving the pipe a slight tap 
at its extreme end. The tumbler, with adhering 
shoulder, is now given its final form in one of two 
ways. This may l>e done at the chair by placing 
the bottom of the tumbler in a holder, reheating 
the shoulder in the mouth of the furnace, and 
cutting it away by means of shears. The glass- 



Fig. 20. 
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maker then finally rotates the eylinder on the 
arms of the chair, and by means of tongs rounds 
off the lip. The second process of finishing is 
described under “ Edge Melting and Clacking 
off Machines,” in the section dealing with cold 
working processes (p. 602). 

The manipulation of glasvs on the pipe is further 
illustrated by Figs. 21 and 22. 

fn the ease of mould-blown glassware, the 
gath(Ting of glass after being marvered and 
formed into tlie jiarison, is blown out into a 
mould (torresponding to the external sizi' of the 
article recpiired. The moulds may be of wood, 
carbon, brass or iion. Moulds of special alloys 


have also b(‘en tried. Th(5 moulds of wood and 
carbon produce the best finish, whilst the iron 
moulds are less satisfactory from this jioint of 
view', although their durability causes them to be 
used in the majority of cases. Where exceed¬ 
ingly good finish and high wear-resistance is 
needed nickel chrome steels have given very 
good results, e.ff. for press moulds. Metal 
moulds may be used dry or may be covered with 
some form of lubricant, usually a paste, in 
wdiich ease th(' moulds are referred to as paste 
mouhls. I’he jiaste is tnupiently a mixtun* of 
finely-divided carbon, such as lamp black or red 
lead and wadi boiled linseed oij, but other forms 



Fki. 21.— Hand Wobkino. 


(Bl/ permhaion of Stuart it Sons.) 


of paste are in use. The })aste must b(‘ thinly 
and uniformly spread, and the moulds after 
each blowdng operation arc dij^ped into water t<» 
cool them and prevent the j)aste being burned 
away too rapidly. Electric lamp bulbs, chim¬ 
neys, blown tumblers, beakers and flasks are 
blown in paste moulds. 

Hand-made bottles are almost invariably 
blown in dry moulds. The process involves 
gathering at the end of the pipe, marvering into 
the parison, w'hi<di usually has a somewhat 
smaller diameter at the end adjacent to the 
pipe than at the free end, swinging slightly to 
cause elongation, and then blowing out into the 
mould. Two methods of finishing the bottle 


are used according to the thickness of the neck. 
In heavy bottles with a thickened neck the 
latter is made at the furnace by the bottle 
maker, who adds an additional ribbon to the 
neck where it has been broken off from the pipe, 
and then by rotating the bottle at the chair 
and inserting a ncck-forming too] the neck is 
given its final shape. In lighter made bottles, 
such as those used for imaiieines, the end which 
has been burst off from the blowing iron, is 
softened in a small subsidiary furnace known 
as a glory hole, usually heated by town gas or 
oil, and the nec|t is formed by pressing back 
the softened portion of the glass by means of 
the neck-forming tool. Very few bottles are 
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now hand made, the process being almost com- class are made by hand. Flasks and beakers are 
pletely replaced by mechanical methods. blown in paste moulds. Fig. 23 shows a mould 

Chemical, Scientific and Heat-Resisting for a flask, and Fig. 24 the initial form of a 
Glassware. —Almost all types of this particular beaker, the shoulder is cut off by the second 



process described in connection with the 
tumbler (p. 602), and the edges are heat(‘d and 
flanged and a lip added whert* (hssircd. 

Glass Tubing is diawn by hand by first 



marvering a thick hollow cylinder of glass, built 
up by several gatherings, and then lowering this 
cylinder in a vertical position until its base 
unites with a disc of hot and soft glass, attached 


to a holder held by another operator. When the 
union is firm, the assistant with the holder 
walks backwards along a wooden track crossed 
by stri})s of wood, ])ulling out tlu^ glass tubing 
as h(! walks, the chief glass blower at the same 



Fig. 24. 


time turning his blowpipe to and fro and 
occasionally blowing dt)wn it to prevent the 
walls of the glass from collapsing. The tubing 
is laid on the wooden strips and after cooling 
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cut into lengths. Most tubing is now made by 
automatic machinery described later. 

Glassmaking Machines. 

The following general types may bt‘ dis¬ 
tinguished according to tlu' type of glass and 
the process involved. 

("ONTAINER AND DOMESTIC WaRE. 

(1) Pressing Machines, producing dishes, 
jars, plates, lenses, bowls, (‘ornmon h<‘avy 


tumblers by the pressure of a plunger on glass 
eontaine<l in a mould of suitable design. Where 
th(‘ article must be of precise dimensions it is 
customary to provide an overtlow portion or 
“ font " to acconiinodate excess glass and fre- 
«|uently the pressure is ext ried by the ])lunger 
acting on th(‘ glass in this font portion. Fig. 25 
shows a simple type of press. The table and 
plunger rod must be rigid enough to resist 
deformation, and, particularly in automatic 
working, adiHjuate cooling should be provided. 
This is usually effected by air-blast on the 



Fig. 


moulds and water cooling inside the pre.s.s 
plunger. 

(2) Blowing Machines, which can be sub¬ 
divided again according to the way in which they 
carry out the two distinct stages of formation 
through which practii^ally all hollow ware passes, 
namely formation of the parison and blowing the 
parison to the final shape. Parison formation 
may be carried out by pressing, blowing, or 
suction, whereas in nearly all rjases, final shaping 
is accomplished by blowing, though one type of 


Roirant Machine uses su( tion for this purpose. 
Conseijuently, the machines are known as: 

(a) Press and Blow Machines^ used to make 
witle-mouth ware, such as jam and pickle jars, 
milk bottles of (certain types. Miller, Mitchell 
and the Hartford Milk Bottle machines aie 
examples of this type worked in conjunction 
wdth feeding devices. 

{h) Blow and Blow Machines^ to which belong 
the narrow-neck container-forming machines 
that are charged by gravity feeders. In this 
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type of mac hine the rharge or goh ” of glass is 
dropped into the parison nioulci whicth has no 
bottom and is held in the iiivc'rtod position, i.e. 
neek portion down to receive the gob. The 
latter is then “ blown down ” around the small 
plug set within the neck mould to form a depres¬ 
sion from whk^h blowing may start, the plug is 
withdrawn, a “ baffle })late ” is seated on the 
moulci and compressed air is admitted around the 
plug to blow up the glass to the baffle plate, so 
forming a bottle with the neck of propcir size but 
with a body smaller and walls thicker than the 
finished article. This is the parison, and the 


mould is then “ reverted " or turned right way 
up, and the. main portion ojjcnod Iciaving the 
j)arison hanging in the neck mould by which 
it is transferred to the blow mould where it 
is blown to the final shape. ICarly machines 
(‘arried out these blowing operations at definite 
stations, the moulds being fi.wd t(» an inter¬ 
mittently rotating table or tables. Fig. 26 
shows such a mac^hine by O’Neill, this particular 
model being fed by hand and not from a feeding 
d(*vicf‘. The parison mould at the charging 
.station is shown at J^ transfer .station at TR, 
and a parison mould partially inverted at M on 



Fkj. 26. 


its way back to the charging station. A blow 
mould open after discharging the bottle shown 
at the right is seen at F approaching the transfer 
station. The compressed air eylincier C and the 
piston rack drive to the machine R are seen 
below the mould tables. In its to- and fro- 
motion the rack bar H tripped valves controlling 
the supply of compressed air to key positions 
and so timed the operation of the machine, 
which indexed on one station each to- and fro- 
cycle of the rack bar. Tn more modern types of 
machine much of the pneumatic cylinder opera¬ 
tion has been replaced by cam mechanisms, and 
in the Lynch No. 10 each movement of the 


piston is operative so that only half tin* com¬ 
pressed air is used. This type also provides 
means for carrying out the blowing whilst the 
machine is moving instead of only at the 
“ dwell ” positions, thus giving much more 
control of blowing time and reducing the time 
of (IwtII a-t each station, a most important 
improvement. 

Another blow and blow machine is the Hart¬ 
ford “ 1.8.” This is usually assembled in sets of 
four nnit.s, each of which may be making w are 
different from its neighbours, a feeder discharging 
gobs of the appropriate w eight in predetermined 
order. This type is very successful in making 
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small high-(!lass contaiiieivs such aw scent and 
pharmaceutical bottles, but is by no means 
confined to such work. 

(c) Suck and Blow Machines form the parison 
by suction, and as the mould cavity is filled 
with glass this method gives close control of the 
amount gathered and hencre produces ware of 
constant capacity. Since the moulds actually 
touch the molten glass in gathering, tem})era- 
ture conditions are severe and moulds need fre¬ 
quent cleaning atid repair. As the mould is 
raised from the glass a knife cuts off the tail of 
excess glass and throws it laick into the fore¬ 
hearth. '’.riic knife rests below the gathering 
orifice for a short time unt il just before the mould 
opens and then fnafucntly a slight puff of air is 
blown around the neck j»Iug to form a starting 


cavity for the final blowing. This also has the 
effect of expelling a little hot glass through the 
gathering orifice to reheat the chilled portion 
that has been in contact with the knife. The 
parison is then transferred to the blow mould 
and blown to the finished shape. 

The first of such machines to work successfully 
was the fi arm type (‘onstructed by Michael J. 
Owens, an Irishman in America, and 10 and 
even 15 arm machines were later developed. 
Fig. 27 shows a 15 arm Owens machine and 
Fig. 2S is a diagrammatic view' of one unit or 
arm of the machine. A revolving pt)t, Fig. 29, 
8~10 ft. diameter and only a few inches deep fed 
by a stream of glass from the main melting- 
furnace servers as the pool from whi(‘h the siudJon 
moulds gather, thus cTisuring that each successive 
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mould gathers fresh thermally-homogeneoiis 
glass and that each sheared tail cut off by the 
knife is reheatc‘d and blended w ith the glass in 
the pot before another gather is taken from that 
particular spot. This pot needs a spec ial housing 
and heating burners and is a decidedly expensive 
device to run, eonsequeritly later inventors 
devised alternatives in the form of stationary 
forehearths built on to the sides of the working 
ends of the furnaces. These in general are not 
so satisfactory hut with care can l>e used sueoess- 
fully. The later suction machines too are 
smaller than the Owens w^hieh had such a large 
production as to make it unsuitable for the 
execution of small orders (using triple moulds, 
more than 200 small bottles a minute can be 
made). Thus, the O’Neill suction machine 
(Fig. 30) is a twin table machine having 3, 4 


or 6 sets of moulds, the Monish Fig. 31 has 3 
sets and the Roirant only one set, though a later 
type of Roirant has six sets. The single Roirant 
machine actually sends its suction mould C into 
the furnace to gather the glass (Fig. 32). With 
these smaller machines a much more varied out¬ 
put may be produced since several can be 
operateci from one furnace, each making a 
different class of ware. A more constant load 
may also be kept on the furnace with such an 
arrangement. 

The suction machines so far mentioned are 
used for making container glassware, but a 
similar principle is used in those of the West- 
lake type (B.P. 211222, 26225/11, 397425) 
(Westlake, Ivanhoe. Ohio) making electric lamp 
bulb, cylindrical thermos flask and tumbler 
blanks. A “ ram ” is reciprocated in and out of 
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Fia. 28.— Part Section of Owens Machine Unit. 
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a “ gathpriiig boot ” btiilt on a tank furnaoo, blow up the inaaseH to form a parison and turning 
and gathers two or more charges of glass in through 180'^ to allow thi^se to elongate suffi- 
small suction moulds. These it tirops on to up- ciently by the time the blow moulds close around 
turned blowpipes where they are secured by them for the final blowing to shape. Paste 
hinged clamps which engage flanges on the glass moulds are used for these machines^ and during 
and the blowpipes, n)tating, go through the the idle part of their cycle they are dipped in 
motions of a glass blower giving puffs of air to water or suds. A more rei'cnt development of 


Furnace 



Fig. 30.— The O’Neill Vacijum Machine in Position against the 
O'Neill Patented Fokehearth. 


lamp bulb machines is the Corning No. 399 on an endless belt. Above the ribbon another 
(B.P. 276,606, 1927), Fig. 33. A stream of endless belt carries blowheads which register 
glass issuing from a feeder is formed by rolls into above the moulds, and, when the still hot 
a thin ribbon having thickened lumps spaced glass has sagged through the apertures, come 
regularly along it. These, as the ril>bon moves down and blow it out into the moulds, 
on horizontal guides, register over openings Further along the track the blow heads lift, 
below which are located rotating moulds carried the moulds open and then the depending 
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hiilhs are Htrippecl off the glass ribbon, being 
feci to an annealing lehr whilst the ribbon goes 
to the eiillet chute. 

T])e Westlake machine with l’ 4 spindles makes 
90,(100 95,000 bulbs per day, the Ohio wdth 4S 
spindles makes over 100,(Kld, whilst the (V>rning 
maehim^ makes .‘100,000-400,000 per day, and 
so tar has not been used in Britain. Such pro¬ 
ductiveness has probably prevented the com¬ 
mercial devudopment of several oth(*r patented 
machines for making bulbs. 

Feeding Devices. —The term generally refers 
to a channel extending from the working end of a 
tank furnace, from which it can be cut off' by 
a damper or “ gate,” to a narrowtal rounded 
nose some 4-8 ft. from th(‘ furnace wall. The 
floor of the channel often rises towards the iiose 
as showm in Fig. ,‘14 as this sloju* permits glass 
contaminated liy contact with the refractory 
walls to drain to a sump away from the oriffce in 
tile bottom of the feeder through whicli gla.ss is 
dis(‘harged under gravity. This discharge may be 
(rarely) <*ontinuous or (more usually) interrupted 
under the action of (a) a n'ciprocating refractory 
plunger ,5 working just above the orifite 4, or 
(6) alternate pressure and vacuum applied to a 

bell ” of I’efrac'tory material above the orifice. 
In the latter ease* the bell itself may be rt'cifiro- 
cated also, Tiie mechanical typi* is commom*st. 
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and the orifice diameter is adjusted between the plunger end above the orifice also affects the dis- 
genoral limits of |-2 in. by insertion of easily charge, whilst the speed of descent and ascent 
replaceable fireclay bushings in order to control as w^ell as the shape of the plunger end, controls 
the weight discharged. The height of the the general shape of the “ gob ” of glass dis¬ 



charged. Kapid descent gives short fat gobs the shears used t() cut the glass into separate 
and slow descent long thin ones, wliilst rapid charg(‘s and also to rnininiise the amount of 
ascent gives the pronouncetl “ neck ” on the glass chilled by the sliear blades, 
issuing stream. This serves to reduce wear on Suction-fed forming machines gather their 



Fig. 34. —Sectional View of Glass-Feeding Device. 


own glass from a pool which may be a revolving of saucer-like troughs have also been patented, 
pot as in the Owens type or a much smaller Many machines gather from stationary fore- 
affair largely housed under the furnace crown hearths or boots built on to the working end of 
as in the Roirant “ A.6 ” type. Annular instead the furnace. The Monish, O’Neill, Pearson and 
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Miteholl machines do this, whilst the lioirant, 
Westlake and Ohio machines leather from a hoot 
inside the furnace or from the furnace itself. 

(3) Drawing Machines are used to produce 
window glass on the one hand and tubing or rod 
on the other. 

(a) Tube Drawing. —^I'he first and most widely 
used process is that of E. Danner (B.J'. 11()(>42, 
111521 both of 29 Novemi)er, 191(1; U.S.P. 
1218598, 1219709, 1220201 (all of 1917). In 
this, glass melted either in a tank or pot furnace 
is transferred to a special pot 1, Fig. 35, provided 
with a discharge spout feeding glass into a trough 
3, the glass level in which is kept constant by 
means of an indicating device 4, 5, (3. The 
trough is divided into three compartments by 
bridges which hold back surfac(‘ impurities from 
the glass passitig through, the flow is controlk^d 


by the gate 8 and the glass escapes over a lip 9 on 
to the mandrel in the form of a ribbon. The man¬ 
drel comprises a tube 11 of nickel-chrome alloy 
on which is mounted a sleeve 13 of refractory 
material provided with a nichrome nose 14. 
The mandrel is housed in a muffle heated by a 
gas burner to a controlled temperature and 
is rotated by gearing s() that the stream of 
glass from the trough is wrapped round it and 
the inclination of the mandrel (12-18°) causes 
th(‘- glass to flow down to the tip from which it 
is drawn off as tube or rod (“ cane ”). In the 
former case air under pressure is supplied to the 
other eiul of t he mandrel and the size and w^all 
thickness ])rofluced depeiul on the amount of 
glass fed per unit tinu', the air pressure and the 
rate of drawing. Between the mandrel and the 
drawing machine is a tube run of 100-180 ft. 
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Fio. 35.— Dannkr Tube-Drawing Machine. 


consisting of a scries of grooved pulleys, some¬ 
times asbestos lined, spaced very closely near 
the mandrel and about 30 in. apart near the 
drawing machine. Part of this may be covered 
to control the rate of cooling in the critical region. 
The drawing machine consists of two caterpillar 
endless belts faced with asbestos, between which 
the tube or rod is fed. The top belt is adjustable 
to take various sizes of product and is spring 
loaded to give a grip on the work. The rate of 
pull can be varied from 16 to 900 ft. per minute. 
At high speeds the work is cut into 4->5 ft. 
lengths by a revolving vane arrangement w^hieh 
just breaks each length roughly, but for larger 
work the cut is made truly by wet carborundum 
stones, travelling at the same speed as the tube 
and acting in conjunction with a device to apply 
a breaking moment. The cut lengths are then 
fed to a gauging machine which moves them 


one at a time over a series of gaps, increasing in 
size until the glass falls through one of them. 
The production of the Danner machine is indi¬ 
cated in Table XI. 

In contrast with this side-drawing process 
there is the W. J. Woods (B.P. 354509; XT.S.P. 
1829429) process of vertical drawing which has 
been applied to the production of thermometer 
tubing with a white stripe backing the bore. 
Glass from the main supply 26, Fig. 36, con¬ 
trolled by the gate 32 is drawn up from the 
nozzle 30 supplied with air under pressure by 
pipe 31, 39 and the white enamel for the stripe 
is introduced from container 34 by nozzle 35 at 
a point which can be controlled by adjustment 
of the position of the container 34. L. Sanchez- 
Vello, B.P. 349315, has a pro(“e8s in which 
the tube starts vertically downwards (Fig. 37) 
from an annular orifice between an aperture 
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Table XL—Production, etc., of Tube and Rod on Danner Machine.^ 



Diam. 

(iiini.). 

Wall 

(11111).). 

Rate of 

Un- 

of 

lilowitig 

'I'emperatures, ^'C. 


drawing. 

ft. per min. 

Kauged 
lb./mill. 

product 
to size. 

pressure 
in W.G. 

Pot. 

Ribbon. 

Muffle. 

30% PbO 

3-25-3-75 

Hod 

280-300 

5-5 

70 

nil. 

1,080 

1,040 

900 

glass. 

2-2-5 

0-4-0-5 

820-840 

6 

70 

0-01 

1,100 

1,070 

800 

4-5-5-5 

0-7-0-85 

300-320 

6-25 

75 

0-1 

1,100 

1,075 

860 


6-5-7-5 

0*9-1-1 

180-200 

6-5 

SO 

0-6 

1,110 

1,090 

950 


10-5-12 

0-86-1-02 

120-130 

7-5 

85 

1-2 

1,110 

1,090 

950 


17-5-19-5 

1-5-1*75 

44-48 

7-5 

90 

l-() 

1,110 

1,095 

900 


24-26 

0-6-0-7 

68-72 

7-0 

90 

70 

1,140 

1,120 

960 


40-45 

1-0-1-25 

22 23 

7-5 

9.5 

18-0 

1,140 

1,125 

990 

La m ])W() rk- 

5-(i 

0-75-1-0 

1 J65 

3-5 

95 

0-2 

1,120 

1,080 

1,000 

ing glass 

1 1-12 

1-1-25 

! 50 

3-75 

95 

0-5 

1,120 

1,080 

1,000 

{18-5% 

26-28 

1-1-25 

30 

5 

80 

6-7 

1,110 

1,070 

1,000 

! NagO). 

31 33 

1-1-25 

33 

6 

80 

5-7 

1,110 

1,070 

950 

.M('rciuv Hc- 

7- 8 

0-8-1-0 

110 

3-5 

95 

0-02 

1,110 

[ 1,080 

990 

; sistant su(ta¬ 

14 15 

1 1-25 

45 

3-75 

95 

0-6 

1,120 

1,080 

1,000 

li me gla.ss. 

20-22 

1-1-25 

38 

4-5 

95 

1-5 

1,120 

1,080 

1,000 

37-39 

1-1-25 

20 

5-5 

70 

8-3 

1,110 

1,085 

980 

i Y(4lovv opalcs- 

9-10 

1-1-25 

80 

3-5 

95 

0-4 

1,180 

1,110 

1,040 

* cent tubing 
glass. 

19-21 

1-1-25 

.30 

4-25 

85 

J-07 

1,180 

1,1 10 

1,0*10 


1 V. K. Sibillu, .r. Soc. Glass Toch. 1930, 23, 3’202. 


iji a forclioarth bottom and a rotating hollow 
niandrol with a tlare<l end over which the 
glaHH stream Hows, ddie tub(* is actually drawn 
ofi' by a side-pulling device located sj^me dis¬ 
tance from the forchearth and spt'cial means 
are ])rovided for altering that distance ti> suit 
the drawing. After cutting into hmgths the 
latter are delivered on to a cojiveyor band feed¬ 
ing on to an inclined plane ho that the tube is 



Fio. 36.— Making Striped Thermometer 
Tubing by W. J. Wood’s Process. 

kept gently rolling until cool enough to put into 
store. 

All the above are continuouH processes, but 
there are discontinuous ones in which preformed 
annular glass blanks are threaded one after the 
other on a mandrel located in a furnace so that 
they soften ami fuse together to form a thick 
walled tula^ which is drawn off to suitable size 
from the lower end of the mandrel. Such a pro¬ 
cess is patented by P. Blum and P. A. Favre 
(B.P. 300646, 304664). The advantage is that 
the blanks may be made at any time and stored, 


and that (]uick changes f>f glass type can be 
made. Lsnally. however, to economise heat 
the blanks arc taken straight from the ]>ress tt> 
be tJireaded on the mandrel whilst hot. 

(/>) Wiinlow a Ians Drawing. —The processes 
fall into the following classes: 

(i) Drawing as in the Fourcault and 

Pittsburgh proc'csses. In that due to F. 
Fourcault (B.P. 28790, 1903; F.P. 338146, 
1904; G.P. 161279, 178579, 178580, J82829; 
185839 and many later), first operated in 1914 
at Dampremy, a debiteuse. Figs. 38 and 39, con¬ 
sisting of a shallow fireclay boat with a slit 
running along the bottom is held submerged in 
the glass in the drawing chamber A, Fig. 40, fed 
with glass which in its passage from the melting 
end of the furnace has been skimmed free of siir- 
fa(*e impurities by the floating bridges shown 
stretching acrf)SH from either side. A thin ribbon 
of glass is thus extruded from the slit and this is 
caused to freeze round a “ bait ” consisting of a 
metal bar studded with nails and carried by a 
wire screen which is drawm by the asbestos 
covered rolls until the glass sheet itself can be 
engaged by the latter and used to provide the 
grip. The rolls do little more than remove the 
glass ribbon as it is formed, and this in con¬ 
junction with the debiteuse overcomes the 
tendency of surface tension to cause a narrowing 
of the sheet leading to failure^ It was this 
culty which prevented much earfier processes of 
an Englishman, W. Clarke in 1867 (B.P. 489, 
1857) and of l*arish and Frank in 1881 and 1883 
from being successfully o|>erated. Cooling 
“ canisters " of metal through which fluid is 
circulated are disposed on either side of the sheet 
immediately above the floor of the debiteuse so 
that the glass temperature is brought down from 
1,040°C. in the drawing chamber to about 660° 
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when leaving the debiteufle and on reaching the 
first pair of rollers is about 500° so that the sheet 
can bo gripped without deformation. As the 
greatest danger of fra cture is expcTieucecl around 
400°, this temperature must be kept above the 
first pair of rollers at any rate, so that th(^ draw¬ 
ing may go on without having resort to the bait 
again should a fracture occur. Ihe rollers are 
located in the “ drawing shaft ” which fonn.s a 
rough and ready kind of annealing tunnel, 
and by the twelfth pair the temperature has 



Hbo. 37.— Downw^ard Drawing ok Tubing 
BY L. S.-VEIiLO PrOOKSS. 


dropped to about 125°. Shortly afterwards the 
ribbon of glass emerges on to the top floor of the 
building, where it is cut into sheets and taken to 
store after immersion in a dilute acid tank to 
remove surface alkali. To give relief against 
crushing pressure in the event of irregularities 
in the sheet, one of each pair of rolls is carried 
on a bell crank lever with a loading weight 
capable of adjusting the pressure at which the 
roll lifts away from the sheet. These levers 
may be seen at the right of Pig. 39 whilst the 
motor drive to the other members of each pair 


is shown in Fig. 38. The range of thickness of 
such glass is 2-10 mm., and some of the thicker 
material may be used for making ground and 
polisiied plate or for automobile windafTcens 
without grinding and polishing. The difiieulty 
in making thick glass is that the temperature 
and rate of drawing are so low that devitrifi¬ 
cation in and round the de bite use, alw^ays a 
danger, becomes serious. Much prestige was 
lost to this proe(‘Hs for a time beeaust* in order 



Pkj. 3S.—V^ERTicAL Drawing ok Winoow 
Glass by Fourcault and Pittsburg 

J*HOGESSKS. 

to obtain “ sweet ” working conditions the glass 
was made with a high alkali content, but this 
has not been the case for many years and 
modern compositions run around SiOg 72-73, 
AljOj and Fe^O^ 0-5, CaO 9-5- 10-5, MgO 
1*5-3, NajO 13*5-15%. 

The Pittsburgh Plate Glass Co.'s process 
(H. Slingluff, U.S.P. 1556726, 13.10.25) is very 
similar, but differs principally in that instead 
of the debiteuse a “ drawbar ” of refractory 
material is located a little below glass level to 
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define the line of draw of the sheet. Various 
coolers of U-foriu and other shapes are used to 
chill the edges as they leave the glass surface. 
The glass composition is similar to l^ourcault 
glass, but the AljOg is often about 1’5%. 
Production is approximately 100 ft. per hour 
for single strength (2 mm.), the width of the 
sheet being 75 in, though 90 in. and more is 
drawn now'adays. 

(ii) Horizontal Drawing is carried out in the 



Fig. 39. 

Colburn or Libbey-Owens process (U.S,P. 
860528, October 12, 1903) put into operation in 
1918. In this the sheet is still taken vertically 
from the glass in the drawing tank but it is then 
bent over a roller and drawn horizontally. The 
sheet is gripped by pairs of water-cooled knurled 
rolls K, Fig. 41, engaging the edges, being driven 
at 50-26% of the drawing velocity so that a 
stronger tension exists in the sheet above than 
below them, and the usual water coolers W 
are employed on either side of the sheet to con¬ 


trol the temperature. The draw is made from 
glass at about 900° in a forehearth 15 cm. deep 
divided by a bridge from the main furnace and 
capabh^ of being heated or cooled from below. 
Elaborate refractory tiles server to eliminate 
draughts above the drawing region. The sheet 
is bent over a highly polished, air-cooled 
nichrome roller 15 cm. diameter at K about 
63 cm. above glass level after being softened 
slightly by the burner B. Traction is provided 
by the two caterpillar belts T faced with asbestos 
pads and the sheet passed on down a 200 ft. 
lehr for annealing. Drawing speed varies from 
25 to 100 in. per minute for thicknesses of 
/ft “2^4^ in., a sheet of 1-75 metres being a common 
width. Ea(‘h melting furnace supplies one or, 
at the most, two machines, and as in the case 
of tht‘ other processes very large furnaces are 
employed in order to obtain glass sufficiently 
homogeneous by the time it reaches the drawing 
chambers, a single machine-furnace holding 
about 400 tons of glass. 

(4) Rolling Processes. —Lucas de Nehou 
in 1688 developed a process of casting glass 
from a crucible or j^ot on to a metal table and 
flattening the mass to a sheet by means of a 
roller. As developed later the process employed 
mainly oval section pots of 2()~ 36 cu. ft. capacity 
set ill pairs in the arches of each long side of a re- 
g(‘nerative furnace. With soda-ash batch 25-40 
melts per pot were obtained against only 16-25 
with .saltcake batch. The batch was charged 
into the })ots in 3 portions of 15, 25 and 2-8 
Hcoop-fulls at intervals of 5 and about 4 hours 
respectively, each Oiling being allowed to melt 
completely before adding another (E. Lutz, Glass 
Ind. 1930, 11, 227 et seq.). The pots were re¬ 
moved by crane or by hand tongs and carried 
to the casting table, approximately 394 x 217 in., 
built up of sections bolted together and there 
tipped on to its surface. Organic dust was 
carefully excluded and cither sand or glass 
grains were scattered on the metal surface to 
prevent chilling of tlie glass. The use of water- 
cooled tables and heavy rolls enabled the uni¬ 
formity of tliickness of the sheets to be reduced 
from b ()20-0*550 in. to 0‘395-0-435 in. (to 
produce 0 25 in. plate wht^n ground and polished). 
The rolls used had a diameter of 23-26 in. and 
length of 16'5-I8 ft., w^eighing 20,000-23,000 lb. 
Ribbing the roll to a depth of 0*03 in. reduced 
the waviness of the sheet, which was rolled with 
a velocity of 75 ft. per second by drawing the 
roll over the casting table by means of wire rope 
wound round a drum on the roll axle. The 
rolled sheet was lifted by “ stowing tools ” 
having thin fingers to pass between sheet and 
table and was carried to a lehr {“ Stracou ”) 
consisting of several chambers through which 
the sheet was moved step by step on a flat sup¬ 
port as it cooled down through the critical range 
before being sent down a lehi** to cool. In spite 
of improvements this method could not compete 
with the modem drawing processes and it has 
been displaced by the Bicheroux and Ford 
methods {q>v.). 

Figured Glass ,—The original Mason and Con¬ 
queror patent (B.P. 13119,1884) was developed 
by Chance Bros, and E. F. Chance (B.P. 786, 
1890) to make figured glass, A mass of molten 
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glass was cast on to an inclined table leading to a impress the desired pattern on the still plastic 
pair of rolls so disposed that with end plates sheet. 

these three formed a trough, and rotation of the The Bicheroux Process in its later form (G.P. 
rolls fed through a sheet of glass which then 334699, 16.11.18) followed the Chance method 
went through a second sot of rolls embossed to of casting into the space between rolls and table, 



Fig. 40. 


and using a moving carriage to catch the sheet 
produced, tilting the table as the glass was put 
through the rolls. The sheet was caught on 
a series of flat topped cars whic^h were drawn 
along at the speed of rolling to rec^eive the sheet. 
As soon as tho rear edge of the front car 


came opposite a guillotine a narrow strip of glass 
was sheared out between it and the car following, 
after which the front car was hurried away by 
cable haulage to the lehr front where stowing 
tools lifted the sheet into the lehr, w hicii in this 
method is up to 700 ft. long. The success ol 



the method depends in large measure on the more, the sheet size 11 ft. widox 100 ft. long for 
principle of pouring the pot by turning on an axis 4 mm. thick or 45 ft. long for 8*5 mm. By this 
passing through the lip at the pouring point modification of the older process it is possible 
(Fig. 426) and not through the centre of the to stack 100 sheets of in. glass in the space 
pot as in the older casting process (Fig. 42a), formerly necessary for 14 sheets of in. and 

The velocity of rolling is 2 ft. per second or sheets about J in. thick can be rolled. 

VOL. V.--38 
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The Ford Process is a continuous one in which 
glass flows from a furnace 36 ft. long x 20 ft. 
wide X 5 ft. deep. Fig. 43, down a 14 in. wide 
spout controlled by gates to the pass between 
water-cooled rollers of 9 in. and 48 in. diameter, 
the lower one driven at about 40 in. surface speed 


per minute. A sheet 40 in. wide suitable for 
motor-oar screens is produced as a ribbon which 
passes straight into the lehr 440 ft. long. In 
the first section the temperature is 693®C., 
dropping by 28° per section to 343°, after which 
the sheet cools to room temperature before 



Fig. 42. 


emerging. The time to traverse the lehr is 
2 hours 20 minutes. The unit has a capacity 
of 16,000 sq. ft. per day. In Britain the process 
has been developed by Pilkington Bros., Ltd., 
to make very much wider sheets. 



Drawing Processes.— Threads and 
Wool .—^This is made by three types of process : 
(a) Drawing by revolving drums either from rods 
softened by blowpipe flames or from drawplates 
provided with a number of orifices located in the 


bottom or sides of a small furnace melting cuUet 
or glass previously prepared in the form of 
marbles to facilitate constant feeding in of 
material. Threads of mean diameter 0*02-0 03 
mm. are commonly produced. Several fibres 
may be spun on to one drum to form a thick 
layer which is then cut longitudinally to form a 
mattress or blanket for insulating purposes when 
opened out and stitched or sprayed with ad¬ 
hesive. (6) Dropping thin streams of molten 
glass on to a disc revolving at high speed so 
that threads are thrown off by centrifugal force, 
(c) Entraining thin streams of molten glass by 
high pressure jets of steam or air so that the 
mass is attenuated to fibre dimensions (U.S.P. 
2133235, 2133236, 2133238). The last-named 
process gives the finest fibres (0*01 mm.) and is 
used by the Owens-Coming f^berglas Corpora¬ 
tion of U.S.A. The product has b^n made into 
yam by combing and spinning and woven by 
ordinary textile processes to produce cloth and 
tape that has many uses in the chemical, fire 
preventing and electrical and heat insulating 
industries. Production is stated by L. von Beis 
to be, in kg. per hour, 0*5-1 *0 for the rod, 1*0- 
1*5 for the orifice, for the centrifugal and 
100-600 for the blast process. 
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“ Thermolux Glass ” (P. Modigliani, U.S.P. 
2011252 *and 2081000) is made from threads 
spun on to a drum from two directioius to 
form a ('riss-cross matt a few threads thick. 
This is th(‘n cut, opened out and laid betwt'en 
two sheets of glass whieh arc scaled round the 
edges to hold tluun in register heaving the 
threads held by friction only. The composite 
sheet has such excellent light dilfusing (jualities 
that although 25-50% of the incident light is 
absorbed, that passing through gives l)etter 
illumination in a room than elc'ar glass. The 
heat-and-sound insulating pro})i'rties are also 
good. The heat transmissions in B.Th.G. per 
s(|. It. per for clear glass ^*2 I thick, 
d<mble in. with 0 in. sj)ac(‘ between, Ther- 
rnolux with j^in. glass fibre interlayer and double 
'i'hermolux with (> in. sj)ae(‘, are respeetively 1*1 (>, 
MO, 0-58, 0-74 and 0 :i8. 

Glass Building Bricks or Blocks.—Hy pressing 
in two halves and then uniting, hollow glass 
building blocks can b(‘ made. The assembling 
is either done hot immediately alter pressing 
by superposition in a jig followed by further 
pressure to w(‘kl, or the hah'(‘s may be an¬ 
nealed, taken from th(‘ lehr at aj)proximately 
4.*1(P and suspended lyv suction or other imvins 
with their edges in a bath of molten aluminium, 
aluminium-silicon alloy or other binding medium, 
aft<‘r which tlu*y are plac'ed together in correct 
relation, clamped and the (wetsss metal on the 
joint removed by a hot soldering iron (W. P. 
Zimmerman, M. K. KoIitk's and Oweirs-Illhiois 
Glass (V)., r.S.P. 214924(), 28.2.59). In other 
methods the two halves are rotaUal, whih‘ 
clamped togethi'r, below a thin stream of glass 
falling from a fecaler on to tlu’ joint. By as¬ 
sembling whilsf- the halves are hot a [>artial 
vacuum is created inside, imjwoving the in¬ 
sulating properties of the blocks. Walls may be 
built of them, but they are not intended to carry 
load beyond their own weight, and metal rein¬ 
forcing strij)s arc usually built-in every few feet 
of ludght. Jt is possible to produce good light- 
dispersing (pialiticH by })resHing lluted ])attcrns 
and assembling with the flutes of one half at 
right angles to those of the other ha lf of the block. 
Coloured or patterned slu'ct or fibre mats may 
be inserted before assembly, and aluminium 
may be sprayed on to reduce the light trans¬ 
mission but also d(*crease markedly (by 40%) the 
thermal loss by radiation (B. Long, J. ISoe. Glass 
Tech. 1937, 21, 430). E. Booth (Nature, 1937, 
189, 977) found tlie thermal transmission, ex- 
(iluding radiation, for ordinary 10-5 x 10*5x10 
cm. hollow glass blocks was 0*39 g.-eal. per hour 
per sq. cm. per °G. difference between the 
10*5 X 10*5 cm. faces. 

Annealij^g of Glass-IStb.ain. 

The free cooling of plastic glass results in the 
solidification of the outer layers whilst the 
interior is soft so that further cooling causes 
compression on the surface and tension within. 
In glassware this state of strain is removed to a 
very large extent by the process of annealing in 
order to give stability to mechanical and thermal 
shock. The residual stress permissible varies 
with the function of the glass article. It is 
measured by the birefringence it produces (for 
VoL. V.—38* 


most glasses a stre>ss of 1 kg. per sq. cm. gives a 
birefringence of about 3 mg per cm) and for 
optical glass a birefringence of only 5 mp. per cm. 
path may be tolerated wLilst 50 mg. has been 
pro])oN(‘d as an upper limit for plate glass by 
L. M. Adams and E. D. AVilliamson (J. Franklin, 
Inst. 1920, 190, 597, 835), and about 100 mp for 
general commercial glass. A strain of 00 in/x. 
per (‘m. correspomis to a stress of 

(OOx 10-®)-y (3x10-7) 

or 200 kg. per sq. cm. Even if the glassware is 
held at a tempciature below that at which it 
deforms until ail strain is relieved it cannot cool 
freely without setting up a temperature gradient 
from inside to outside, and W'hen this gradient 
disappt‘ars at the final low temperature, per- 
mammt stress will be left as compression on the 
surfao(‘ and tension inside. By slow cooling 
through the t emp(‘rature range within which 
relief of st ress is possible so that the temperature 
gra<lient across tlie glass in passing through this 
range is small, it is possible to prevfuit very 
largely this de\'elopinent of stress and strain 
on rea<*bing room temperature. The important 
ttunperaiures are corresponding with the 
maximum on the thermal expansion curve 
{see Fig. 4) (sometimes called the softening point 
or up])er annealing tem 2 )erature) and Tg, the 
transforinaiioii jxhnt at which a break occurs 
in the temperat ure-property relationships. This 
ijiterval is known as the annealing range and is 
that during wdiieli sudden cooling will reintro¬ 
duce strain into an article that is strain free. 
f\>i- saiety the slow cooling within the annealing 
range is eoiitinned in commercial annealing pro- 
eess(\s well below' Tg, tisnally at least StFC. 
below. This cooling rate is about IJ-3'^'C. per 
ininutt'. At Mg the relief of strain is a matter 
of minutes, at Tg t)f hours. The time as well 
as the tem})erature elTeet should not be over¬ 
looked. A<lamH and Williamson defined their 
annealirjg temj)erat\ire as that at which the 
strain falls from 5(1 to 2*5 in/x. per cm. jmth in 
2 minutes. 

The annealing temperatures may be taken 
from the expansion curves, or may be optically 
determined from observations of the temjHjra- 
t ure at w hich a rod of strained glass gives a black 
iield when viewed between crossed Nicol prisms. 
Values fouml by A. Q. Tool and J. Valasek (J. 
Bur. Standards Sci. Papers 1920, 358) are 
quoted below'. 


Type. 

Lower annealing 
temperature. 

ripper annealing 
tempt^rature. 


Kxt)an- 

sion 

Method. 

Optical 

Method. 

Expan¬ 

sion 

Method. 

Optical 

Method. 

Dense flint. . 

400^ 

_ 

490“ 

_ 

Medium flint . 

455'* 

! 460“ 

485“ 

510“ 

light flint . . 

485'’ 

485° 

525“ 

510“ 

Jlariuni flint . 

520“ 

i 515“ 

560“ 

550“ 

Light crown , 

B o r 0 8 i 1 icate 

4»5“ 

480“ 

525“ 

530“ 

crown 

Light hariuiii 

515“ 

525“ 

565“ 

! 550“ 

crown . 
Dense barium 

575“ 

570“ 

605“ 

610“ 

crown . 

575“ 

605“ 

630“ 

625“ 
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Soda-lime-silica glasses anneal in the range 
540-6] 0'^, and resistant chemical-ware glass 
may need as high as 630'^’. 

The efl'ect of varioiis oxides on the annealing 
temperature was studied hy Turner and eo- 
workers and hy G. (hdiJlioff and M. Thomas 
(Z. tech. Physik, 1925, 6, 333). Oxides of Na, 
K and Pb progressively reduce it when substi¬ 
tuted in the parent glass SiOg 32, NagO (KgO) 
18%, to rejdace SiOg; CaO, MgO and ZnO 
and AlgOg increase it; BaO and FCgOg have 
little effect at first and in large amount redu<‘e it; 
whilst BgOg increases it up to about 20% BgOg, 
alter which further additions cause a decrease. 

Strain is detected in glassw’are by inspection 
in polarised light. Modern instruments give a 
large though slightly non-uniform field but per¬ 
mit easy manipulation of the ware inspected. 
The incident light is nearly always polarised by 
reflection from a black glass plate and in one 
type the second polarisation is similarly carried 
out, though usually a Nicol prism eyepiece is 
used for this purpose. Rt'cently the material 
^'Polaroid ” has bticn used to replace tiu* Nicol. 
To render the birefringence elfect more easily 
visiblt‘ a sensitive tint plate (mica or selenite) is 
employed. 

Lehrs.—The actual annealing process is 
carried out either in a kiln (now only use<l for 
very heavy articles such as blocks of optical 
glass or pavenuuit lights) or a lehr. In the first 
of these the w are is stacked in trays pac'ked with 
sand and insulating material and the whole is 
heated up and then cooled slowly. Lehrs are 
now usually of muffle type though a number of 
open-fired ones exist. They consist of a tunnel 
60-75 ft. long and 3-8 ft. wide for ordinary work 
(but may be 3(K) ft. long or more for wdndow glass) 
down which runs on a track a string of iron pans, 
or a continuous belt. Modern practice favours a 
wire mesh belt because of its small heat caj)a(rity, 
since it returns outside the lehr and must be 
heated up again. Belt speeds run between 20 
and 70 ft. per hour and can be varied to suit the 
w^are. The fuel consumption has been mm‘h 
reduced by candid insulation of the refractory 
lining of the first part of the tunnel where the 
ware is kept hot enough to relieve strain, there- 
alter the temperature is allow ed to fall along the 
lehr at a rate that does not cause reintroduction 
of strain to any serious extent. If the input 
is sufficient the ware may take in enough heat 
to anneal itself without any external supply, 
but usually either gas, oil or electrical heating is 
provided. Electric lehrs have the advantage of 
excellent control and low maintenance costs. 
The insulation is reduced down the lehr in steps 
and at the cool end air is drawn in by a fan. 
Similarly hot gases can also be drawn in from 
the inlet end to keep up the temperature further 
down the lehr. A refinement, not yet general 
practice, is the use of a separate narrow lehr to 
take the production from each individual 
machine so that the annealing schedule may 
exactly suit the article made. Fig. 44 shows 
diagramraatically a modern type of lehr. 

Hardening of Glass. 

This may be carried out cither by the process 
of De la Bastie or by that of Siemens; In the 


former, discovered in 1873, the glass article, 
while still red hot, is quenched in a bath of oil 
or fat, the actual temperature of both glass and 
the bath, that is, the ({uonching range, depending 
both on the composition and thickness of the 
glass. Sodium-calcium glasses can withstand a 
greater quenching range than the lead glasses. 
The process results in the sudden chilling of the 
outer before the inner layers, so that the surface 
layers undergo greater shrinkage, (causing them 
to be subjected to compression, whilst the inner 
layers, on the other hand, are in tension. Glass 
in this condition Inn'ornes less brittle, is more 
elastic, and capable of withstanding mechanical 
shock and sudden change of temperature, but 
if th(‘ surface is once broken the whole mass 
shatters. 

In tSiemens’ proire.ss, the temperature of 
pressed glass articles is rapidly but uniformly 
reduced in special moulds, or between metallic 
or ilay plates maintained at a suitable tempera¬ 
ture. Favement lights treated in this manner 
resist cutting by a diamond. ( SVe “ Toughened 
Gla.s.s,” p. 608.) 

Compound Glass, the basis of the Dnrax ” 
water-gauge tubes, was developed by Schott to 
give tlie same resistance to shock and change 
of temperature as hardened glass. A gather¬ 
ing of glass is made over 59^ and the 

cylinder drawn into tubing. The former has 
the larger thermal expansion (and contraction), 
.so that on cooling the outer layer is under com- 
pre.ssion and the inner under tension. When 
the tubing is heated up both compression and 
ten.sion become relaxed. Glass which 

forms the inner layer is also very resistant to 
the ai'tion of water and steam. 

Gold Workino of Grass. 

Pr(»ces.se8 applied to glass after fabrication in 
the plastic condition and subsequent annealing 
are grinding and polishing, cutting and en¬ 
graving, etching, jiainting or other form of 
decoration such as silvering. 

Grinding and Polishing is carried out on 
plate glass after rolling by the following 
methods : 

JJiHcontinuom ,—In the old method circular 
tables 24-36 ft. in diameter weighing 75-80 tons 
were mounted on rails to move between the 
grinding and polishing stations and at each end 
were registered over, and fastened to, driving 
shafts which revolved them from btdow (Fig. 45). 
Their speed was 20-28 r.p.m. taking up to 500 
h.p. for grinding, and 13-22 r.p.m. taking up to 
l(k) h.p. for polishing, whilst tools charged with 
abrasive or polishing material (rouge) rotated 
eccentrically in contact with the glass. The 
grinding with sand and three grades of emery 
took I-IJ hours per side and the polishing 1-1^ 
hours. 

Semi-Continuons .—The circular table was 
awkward to fill economically with rectangular 
fragments, and with the introduction of the more 
rapid methods of raw plate production a straight 
line track system of grinding and polishing was 
followed, in which the sheets were laid upon 
cloth on flat cars and were bedded with plaster 
to fill the joints. The cars are then sent down 
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the very carefully levelled track below a Hories 
of grinding heads (48 at Ford Kiver Rouge 
Works) and polishing heads {3(> at Kivu'r Rouge), 
sufficient space being })rovided for thorough 
washing to remove each grade of abrasive* (sand, 
garnet, carborundum, etc.) before passing to the 
next and for inspection before polishing. The 
pressure on the grinding heads is 12 40 kg./vm.‘^ 
and on the polishing from 4 kg./cm.“ at the 
start to 2 at the finish of the operat ion, and the 
the speed of travel of the cars about 8 ft. ])er 
minute. Various washing jirocesses have been 
evolved to overcome the caking of tlu' rouge on 
the polishers in these continuous proc'cs.ses. 
When one side of the glass has IxMai polished th(‘ 
sheet is turned over and the process repeated. 
In some methods the cars go to a second line of 
grinding and polishing hearls, but in tbc Pilking- 
ton method they are returned to th(‘ starting 
point below the track which is built at a higher 
level for the purpose. 

Fully Continuous. — The most u[)-to-datc 
method of dealing Avith tlu' contirjiious ribbon 
from processes such as that of Ford is to grind 


both tof) and bottom surfaces simultaneously. 
l*ilkington Bros, and J. H. Griffin (B.P. 469951, 
5.2.86, also B.P. 492288, 17.3.37), do this by 
adjusting the lower set of tools to precise align- 
rnent and ])roviding pairs of rollers to support 
the sheet between the pairs of tools and at the 
same time feed it forward. The rubber (tovering 
of the rollers is adjusted to give the necessary 
resilience, the upper one being softer than the 
other (B.P. 491851, 1937), and means are })ro- 
vided (B.P. 489661, 1.2.87) for playing on 
streams of watcT to wash grains of sand aw’ay 
from the rolhu's to avoid crushing the glass. 

Other Grinding Processes. —Lens (hind- 
inxj .—A number of glass blanks arc secured tf> a 
block of cast iron wliich is turned to the appro- 
priat(‘ (‘urvature and is coated wdth a mixture 
containing boiled wood-])itch and resin. Alter 
cooling tli(‘ block is sen'wed on to a vertical 
spindle which is caused to revolve whilst a 
“ toed " of cast iron of o])posito curvature to that 
of the block is rnovc'd over tlu' surface under 
pressure, being oscillated over that surface by an 
arm i(‘sling on its centres the tool bidng free to 



revolve by the friction with the bloch below. 
Emery or carborundum mixed Avith water to a 
thin cream is supplied to the work and at in¬ 
tervals is washed off thoroughly and replaced by 
a finer grade of abrasive. At each stage all 
marks from the previous process must be re¬ 
moved before proceeding to the next. Finally 
rouge is substituted for the abrasive and the tool 
is changed for one covered either with felt, if a 
rough figure is permissible (common lenses and 
some spectacles), or with pitch if the highest 
optical perfection is reejuired (photographic and 
other optical parts). A number of spindles are 
commonly driven from one shaft, friction 
clutches being provided to eacdi spindle. The 
greater the lens curvature the fewer the }>ieces 
that can be dealt with on one blo(!k. 

Stopper and Tap (hinding .—The stopper 
blanks (pressed as a series of radiating “ spok(*s " 
from a centre cup and then broken off, or for 
larger ones individually infide) are knocked into 
wooden chucks on horizontal spindles and a piece 
of springy sheet iron bent up on a mandrel to 
the desired taper is passed over the part to be 


ground and fed with abrasive and water, being 
])inche(l together by pressure applied to the ends 
which are bent out to form wdngs. On a similar 
spindle running parallel wdth this is an iron plug 
of the same taper which is used to grind the 
bottle mouth (or barrel of the tap), after which 
the stopper and bottle or plug and tap are 
ground together. 

Mouth Crinding, e.g. of tumblers, is carried 
out by holding the tumblers upside down in a 
cup on a stone revolving on a vertical axis. A 
small tube passing through the axis of the stone 
supplies water and the glass is rotated about the 
axis of the cup which is slightly ecentric to that 
of the stone. Alternatively tl^e tumblers may 
be put in holders right way up and brought up 
to stones driven at 1,700 r.j).m. by individual 
motors {see E. Venis, .1. Soc. Glass Tech. 1937, 
21 , 310) in a revolving machine carrying 6, 8 or 
12 heads. Fig. 46. Various types of stone are 
u.sed, 150 B.25 “ Aloxite ” being typical. The 
latter type of machine keeps the drive mechanism 
above the water. 

Bottom and Decorative Grinding is carried 
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out by niaehincjs carrying one or more stoncH 
revolving about a horizontal axis and provided 
with holders for the work which can be brought 
up to the stone by p(*dal as for l>ottoni grinding, 
or which arc held up to the stone by counter¬ 
weights and at int(*r\als ait' Ix'ld away whilst 
the holder is indexed round a fraction of a. turn 
beloi’c being brought uf) to the stone again, as is 


dfuie in grinding flutes and “ olives ” on the sides 
of tumblers and the like. 

LiiK DECOLi-ATION AuN D AfTKH TREATMENT 
oE Glass. 

'I’hese proct'sscH may b(‘ divided into two 
classt'H, naiiK'ly : (1) thos<‘ carritxl out at the 

furnace during the formation of the article: 



Fig. 40. 


(2) those dependent on the treatment of the sur¬ 
face. To the former belong such processes as 
casing, spinning, filigree and mosaic working. 
The second class is divisible into two groups, 
according as the surface is treate<l by mechanical 
means, such as those involved in decoration by 
grinding, cutting, bevelling, polishing, en¬ 
graving, sand-blasting and frosting ; or by the 
action of chemical reagents, smL as in etching, 
silvering, iridising and in glass painting. In 
rather a different category is the art of treating 


glass tubing or rod by lampworking or bench 
glass-blowing. 

Casing consists usually in spreading a uniform, 
thin layer of colour over an article of colourless 
glass. The coloured glasses most commonly 
used are ruby, blue and opal. The essential 
conditions for casing are that the glasses shall 
have approximately equal coefficients of ex¬ 
pansion and similar temperature-viscosity cha¬ 
racteristics and bo soft or plastic. Glasses of 
fairly high lead (ontent are very suitable for 
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siic‘h treatment. One method of t arrying o\it the 
operation is to make a gathering of the colourless 
glass, to blow it up slightly, and then dip into a 
pot of the coloured glass in such a way that a 
uniform outer layer is obtaine<l. The <‘ombined 
gathering is then work(‘d up by turniug or blow¬ 
ing in the usual uiauner. 

Banded glass, feather glass, fiiligree glass and 
the insertion of an enamel backing in thermo¬ 
meter and t)ther tubing are all sjieeial exainj)les 
of ea.sing. The enauu'l backing of tubing is a 
simple example. One method of making it 
consists in preparing a rod of opal glass and 
inserting a len^-h of it in a. vertical rc^eess in a 
mould. The parison of eolourle.sH glass is intro¬ 
duced into the mould .so as to come into contact 
with, and pick n]) the opal rod, after which the 
parison is marvcrcd further to complete the 
union. A further gathering of colourless glass 
to cover the opal is then made and the whole 
mass drawn into tubing in the ordinary way. 

For details of manipulative methods of decor¬ 
ating glassware at the furnace the reader 
should consult R. Hohibaum, “ Zeitgemiisse 
Herstellung, Bearbeitung, und Verzierung des 
feineren Hohlglases,” Wien und Leipzig, Holder, 
1910; Apsley Pellatt, “Curiosities of Gla.ss- 
makiiig,” London, 1). Bogue, 1849, eontains a 
good account, but is unfortunately long out of 
print. 

Decorative Processes Applied after 
Fabrication. — (Udfirjg. —I’he design is outlined 
in waterproof chalk or paint and is then roughed 
out with coarse abrasive. This was once (hme 
on an iron wheel revolving on a horizontal axis 
fed with sand and water, hut most work is now 
done on synthetic abrasive stones, e.g. “ c«r- 
horundum ” of No. 80 or 120 grit {see Pig. 21). 
The smoothing cut is then made, and here the 
Oraigleith stone oneo employed has given placi' i 
to a tine grade of “ Aloxite, ” or similar abrasive 
of about 150-180 grit. The speed of rotation 
varies with the type of work and size of s^one. 
In the older installations surface speeds of from 
600 to 1,700 ft. per minute are used. The 
polishing w’hich was once done on wooden wheels 
with pumice powder followed by tin oxide 
(“ putty '’) is nowaday.s carried out in a bath 
composed, for full lead crystal glass, of approxi¬ 
mately 2 parts by weight strong hydrofluorie 
acid, 2 parts strong sulphuric acid and 1 part 
water, worked at ^O^^’C. The acid poli.shing of 
glasses of other types is not so easy and calls for 
different hath compositions. 

Intaglio Work is similar to the above in that 
abrasive stones are used, hut finer and smaller 
stones are employed, the work is held below 
instead of above the spimlle, and the design 
may l>e left matt or may be polished as best 
accords with the decoration applied. 

Engraving again is similar but still more deli¬ 
cate. A very light spindle is used with a taper 
bore chuck to take any one of numerous spindles 
provided at the opposite end with a copper disc. 
The range of size of disc is from 2 to 3 in. down 
to pin head diameter, and from about ^ in to 
in. in thickness. These are charged with a 
mixture of abrasive and oil, and are used with 
rare skill to produce designs on the ware much 
as an artist would draw on paper. 


Scidptnre.—Use of fla/nd Tools .—In recent 
years much use has been made of a small hand 
motor, notably tlic! Bosch machine, which takes 
small abrasive tools (uiahling work of an en¬ 
graving or intaglio typo to he carried out on 
largo panels of glass whi(4i could never he dealt 
with by the older methods. More robust motors 
with flexible drive to a hand piece carrying the 
grinding w heel are used for broader and deeper 
effects. The artist w^orks on the vertical glass 
panel using a stream of water to cool the glass 
anti carry aw a^- the debris. 

Bevelling, e.g. of mirrors, may he carried out by 
hand on the flat face of grirulstones rotated 
about a vertical axis or on abrasive rollers 
turning on a horizontal one. Most work is now 
dorie by automatic macliiue in which the sheet 
is elamped in a frame that can he traversed past 
two rotating abrasive wheels at the desired 
(adjustable) angle, the first to make the rough 
aiul the .second the smooth cut. Suitable stones 
are “ ('rystolon ” 80-H vifrihed for the first and 
“ Alundmn “ 220-K vitrifitsl for the second 
])roce.ss, though sometim(‘s only one medium 
stone is ii.sed. belt and rouge give the final 
poli.sh. For rounding the islges of automobile 
screens “ Alundmn “ 150-N vitrided bond wheels 
are used. 

Blitting or Uidting off of .sections of tului is 
done with very thin wheels with a flexible, e.g. 
rubber bonded, wdu'el composed of 120 -K “ Ury- 
stolon." I’hese are u.sed with water at a com¬ 
paratively low speed. 

Etching is accomplished by hydrofluorie acid 
of various strengths and with other agents added, 
or by Hiiorides in the preseru e of other acids. 
For matt effects silieofluorides are necessary, 
forming protecting crystals oviu* part of the 
glass so that inat(‘rial is renuived to ilifferent 
depths to give the irregular light-scattering 
effect (L. Honigmann, Glasteeli. Ber. 1932, 10, 
154). Lead glasses etch most easily, lime glasses 
are more resistant, and horosilieate glasses of the 
chemical w'are and pyrex types are very difficult, 
if not impossible, to etch satisfactorily. Of thf^ 
acid fluorides commonly used for the purpo.se 
that of ammonium gives the coarsest and potas¬ 
sium the finest etch structure, so that acid 
solutions of potassium fluoride are commonly 
em})l<)yed for giving a satin matt finish to 
cosmetic and pharmaceutical bottles, e.g. KF 10 , 
HCI 1, water 100, used at about .WC., whilst 
etching jiastes for badging glassware commonly 
comprise a saturated solution of (N 14^)14Fg in 
H 2 SO 4 with loading material to give the re- 
quire<i consistency. Blanc fixe is much used 
together with gum, glycerin, zinc chloride, 
sodium silicate or flour paste for this purpose. 
The internal frosting of electric lamp bulbs is an 
example of control making possible reprotiuction 
of conditions. Here the etchmg solutions are 
two, a quick rough etch followed by a fortifying 
one (M. Pipkin, Ind. Eng. Chem. 1926, 18, 774; 
B.P. 228907, 4.2,25; 254316, 23.6.26), which 
rounds off the sharp crevices left by the first 
and 80 restores much of the strength of the bulb. 
The quick etch is pumped in the form of a slurry 
(composition 42 (NH 4 )HF 2 , 20 BaSO^, 3*5 
NaHS 04 , 27*5 HF, 7 dextrin, -{-water q.s. 
to give 18-25% HF in the mixture) up a number 
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of nozzles over whit^h a tray or frame full of 
bulbs is inverted. After spraying for a few 
seconds the flow is stopped and the frame is 
lifted off and moved down to a further set of 
nozzles where the bulbs are sprayed with a 
diluted mixture containing only about 7*5% HF. 
In R(^me proct'sses a brief water spray is us(‘d to 
produce this by diluting the first mixture 
remaining on the walls. The next set of nozzles 
spray with rinsing water and then the bulbs are 
dried by jets of warm air. 

F'or line etching, dilute acid, c.r/. HF 1 , water 
4“-10, with or without H 2 SO 4 1 , is used at a 
temperature not above 30''. 

The decorative capabilities of etching are in¬ 
creased by the application of resists to the glass 
to protect those portions which are to bo left 
unacted upon. These may be of beeswax and 
tallow, with or without paratfin wax as used for 
needle etching, a j)roc('ss employing a metdianical 


device to move a needle or needles to cut patterns 
in the wax' thnnigh which the etching fluid can 
act. Or the resist may consist of (a) asphalt 5, 
resin 2 , tallow 1 , Venice turpentine 2 , turj)entine 
12; ( 6 ) asphalt resin 3, beeswax 1-5, V^enice 
turpentine 1 , turpentine S, and be used to form 
transfers which are applied to the glass on suit¬ 
able paper so that the etching paste painted over 
with a hair mop may form a badge or design. 
The wax resists lend themselves to mass produc¬ 
tion coating by immersion, whilst the second 
type are best for transfer work. Tinfoil is used 
as a resist in marking some graduated apparatus, 
the design being cut in situ with a sharp knife. 

Ire Flower Patterm are producefl by applying 
strong bone glue to a sandblasted surface and 
drying under controlled conditions. When dry, 
the sheet of glass is placed in a warm rooin or 
hot (UJj)board, and the contraction of the glue 
flakes off ])iece 8 of glass. The size of these 



depends on the thickness and strength of the 
glue coating and the drying conditions. The 
fragments may be collected, remelt-ed with a 
little preservative, and after straining free from 
glass splinters used again (Cailletet, Cbmp. rend. 
1902, 134, 400). 

Alternatively a (juicker and less durable 
method which does not destroy the glass surface 
is to coat with a varnish of gum sandarac 18, 
gum mastic 4, in the mixed solvent benzene 40, 
ether 200 , applied to a jierfectly clean surface. 
Another method is the application of so-called 
orystallising varnishes using a cellulose ester base. 

Sandfjktsting^ first applied in 1870 by B. Tilgh- 
man in America, is carried out by directing 
against the glass a jet of grains of sand entrainecl 
by a compressed air or steam-blast, the former 
being more usual. It may be applied in an 
enclosed cabinet proxdded with strong draught 
to prevent silica dust reaching the operator 


through the holes provided for introducing 
the work. The sandblast is pedal controlled, 
and issues from a nozzle in the bottom of 
the upper part of the apparatus to play on the 
work which is turned in all directions as required 
by the operator. Used sand collects in the bot¬ 
tom of this chamber (Fig. 47) and drains back to 
the ba.se whon(*e it is used over again if com¬ 
pressed air is employed. In this case all w ater 
must be filtered out of the air supply line to pre¬ 
vent caking of the sand. Continuous apparatus 
for sandblasting sheet glass exists in which the 
sheets pass over a table across which runs a 
channel containing the sandblast jets. The 
glass itself forms thc! seal to this by resting 
on resilient material lining either edge. Other 
work too large for treating in a cabinet is 
handled in a dust-tight room in which the 
operator moves, in special clothing with a head 
piece like a diver’s helmet, and carries a flexible 
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hoso with valve-controlled jet to apply the aand- 
blast. Apart from its use in obscuring large 
sheets of glass, the main a}>p]ication is in 
decoration or badging by means of stencils made 
of metal, rubber or thin paper (coated with 
strong glue containing some non-drying agent to 
preserve a rubbery consistency. The last of 
these is applied to the glass and the design cut 
through so that it is only used oih‘<% whilst the 
first tw'o types are suited to repetition work. 
Much use in recent years had been made of the 
sandblast in producing sculptured effects on 
architectural panels. The glass is })rot(‘ct(‘d by 
stencils and sandblasted once. Parts ar(‘ then 
covered o\ (‘r and further sandblasting is done* 


on the remainder to give a deeper relief and tlie 
process repeated to [)roduce the desired efliect. 
Tn^atmcnt of sandblasted surfaces with etching 
mixtures produces a matt etfcct which cannot 
easily be obtained by cither treatment alone. 

Edge Midting and Cracking Off Machines .— 
The production of tumblers and lamp bulbs by 
press and blow machines [e.g. Miller) or paste 
mould machine {e.g. Westlake or Corning), and 
of illuminating bowls and many other articles, 
necessitates the riunoval of })art of the blank 
<‘alled th(‘ “ ca}) " next the blowhead and sonu'- 
times also of the opjawite end {e.g. open-ended 
cylinders). 

Cracking Off consist s in making a scratch with 



hTa. 48. —Cracking Off Machine. 


a diamond or similar tool by moving the blank 
on a flat table against the tool held at the cor¬ 
rect height and then transferring the work to a 
rotating table where a number of pin point 
flames (Bornkesscl burner) are brought to a hums 
on the glass surface at the height of the scratch 
(Fig. 48). A few seconds is enough to cause the 
crack to spread completely round effecting a 
clean cut off. The surface is then ground true 
as already mentioned and is subsequent^ fire- 
polished {vide infra). Both thick and thin 
walled articles can be so treated, but cheap mass- 
produced thin walled articles are generally now 
made from blanks by the process next described. 

Melting Off is done by holding the articles, 


more specifically tumbler or lamp bulb blanks, 
in a suction cup or other holder which is rotatetl 
whilst sharp, very hot flames (oxygen is some¬ 
times used to supplement the air supply) play 
from ring burners surrounding the glass at the 
melting off line. By balancing the pressure of 
the flame and the speed of rotation, it is possible 
to melt off the cap which falls to waste down a 
chute, leaving a beatled edge on the article which 
is neither turned inwards nor outwards and is 
not of an objectionable size. 

Fire. Polishing is applied to the edges of 
articles that have been smoothed by grinding, 
e.g. tumblers. Fig. 49 shows a Knight fire 
finishing machine in which the ware is stood on 
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rotating tablen on a travelling belt which takes 
them down a narrow tunnel heated at the toj) 
by flames which increase in intensity down the 
tunnel to give a gradual heating which prevents 
shattering when the hot polishing flame is 
api^liod locally at the edges of the ware. Asbestos 
discs are often dropped inside to shield the 
bottoms of thick ware. 

The process is also applied to pressed glass¬ 
ware to remove the marks left by the moulds 
on the glass surface. This is effec'ted by hf>lding 
the glass on a punty in a small hot gas- or oil- 
fired furnace called a “ glory hole,” the aim 
being to produce an intense heat to glaze the 
surface without causing deformation of the main 
body of glass. 

Deposition of Reflei^tino Rreivis on 
Geass. 

(1) Silvering.—Drayton in 184.3 introduced 
silvering to replace tin amalgam for mirrors, and 


Liebig in 1867 made the process a commercial 
8 iie(^ess. The two classicial processes are the 
Ho(dielle 8 alt and the lirashear. 

Tile, Tochelle Salt Process (“ Hot Process ”).— 
Solutions required are (a) reducing solution : 
AgNO^ 2 g., Rochelle Salt 1-7 g., water 1,000 
ml.; (h) silver solution: A. AgNOg 10 g., 
water 100 ml.; B. AgNOg 3 g., wate^r 30 ml. 
To solution A add concentrated NH 4 OH until 
the pre(u'pitate first formed is dissolved, after 
which solution B is added drop by drop with 
shaking until a slight permanent darkening of 
the solution indicates the formation of silver 
oxide. Dilute to 1,000 ml. and filter. In use 
mix equal vmlumes of reducing and silver solu¬ 
tions and immerse the chemif^ally clean glass 
surface at 20-30"G. Tlie quantities sjiecified 
will coat 400 sq. cm. thickly. 

The Brashear Process (“ Cold Process ”) gives a 
brighter reflei-ting surface ami is much used for 
instninumt work. Solutions required are : (a) re¬ 
ducing solution, cane sugar 00 g., nitric acid 
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(sp.gr. 1-42) 4 ml., water 1,000 ml., boiled 5 
minutes and allowed to cool; {h) A. silver solu¬ 
tion, AgNOg 20 g., KOH (pure stick) 10 g., 
water 400 ml.; B. AgNOg 2 g., water 30 ml. 
The precipitate produced by the KOH in solu¬ 
tion A is dissolved by addition of ammonia as 
in the Rochelle salt ])rocess, and solution B is 
used as there described. For use take 1 vol. 
reducer to 4 of silver solution. The silver solu¬ 
tion specified above will cover 800 sq. cm. 

The danger f)f explosions from silver amirle 
formation is minimised by storing only dilute 
solutions of silver and by keeping all vessels 
clean so that the formation of dried up deposits 
is prevented. Serious trouble has resulted from 
failure to observe these precautions. However 
deposited, silver films are usually strengthened 
and protected by electrolytic deposition of 
copper from a bath of low acidity. After wash¬ 
ing and drying the film is backed by a shellac 
varnish free from impurities liable to damage the 
film {e.g. acid, sulphur, chloride) and an asphalt 
lacquer is frequently applied over this. For 


some purposes lead is electro-deposited on the 
coi)per to build up a massive protecting film. 
(4ieap lacquers invariably lead to breakdown of 
the silver film. 

( 2 ) Copper Films may be deposited on glass 
by the method of F. D. Chattaway (Rroc. Roy. 
Soc. 1907, A, 80, 88 ). The coating bath is made 
up as follows : 9 g. of hydrazine sulphate is dis¬ 
solved in 150 c.c. of distilled water and heated 
at 60'\ and to this is added, with constant stir¬ 
ring, 90 c.c. of a saturated solution of copper 
hydroxide and ammonia at 16°, the resulting 
mixture being a clear yellow colour. The glass 
is then sponged over with the mixture, this being 
a most nec*evssary step in the process. To the 
solution is then immediately added slowly and 
with constant stirring 87*5 c.c. of a solution at 
60" of 1 !•! g. of pure caustic potash in 100 c.c. 
of w'ater. The solution should still be of a 
yellow colour without any preiupitation taking 
place. The mixture is then poured into the 
coating vat (of copper) standing in a hot 
water bath at 43°, and the glass on a float at 
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once immersed and the float periodically 
rotated. The teraj>erature of the hath is then 
very gradually raised to 57^ over a peri{)d of 
about 20 minutes, for the first 15 of which the 
bath turns a dark grt‘en colour before finally 
acquiring a pink shade. After a further 5 
minutes the film is thickened by the addition of a 
mixture of .50 c.e. of the copper hydroxide- 
ammonia solution at 10° with 10 c.e. of the 
potash at 00°, the temperature of the bath 
being lowered to 43° before the addition. The 
float is removed while adding this and stirring 
the mixture, and is quickly replaced and the 
same heating schedule followed. Further rein¬ 
forcements of the coat can be obtaint'd by 
repetitions of the above treatment.s and by 
electroplating from a bath made by boiling 1 })art 
of potassium bitartrate wdth 10 parts l)v weight 
of water and adding as much hydrated copper * 
carbonate as wull dissolve. A safe current' 
density is 0-2.5 amp. per s(j. dciu., heavier cur¬ 
rents tending to cause stripping of the film. The 
ordinary acid or (*> anide plating baths an* useless. 

(3) Dark Coloured Mirror ,'^.—Lead sulphide 
films may be })repar('d ((). Haus<‘r and E. 
Hiesalski, Fhem.-Ztg.. 1910, 34, 1079) as follows : 
The glass plate is supported in a d(‘veloping 
dish on four blocks of paraflin wax at the 
comers, and a solution of 1 gm. thiourea in 
.50-7.5 ml. water is poured over followed by 
50-70 ml. of dilute lead acetate sfdution and 
25 ml. of dilute caustic potash or ammonia 
solutimi, with continuous rocking to mix the 
solution. The w'hite lead hydroxide darkens to 
sulphide and in about half an hour the rnetalli<‘ 
sulphide lilrn forms first on the lower and then 
on the upper surface of the plate, that on the 
lower surface being the best. 

(4) Sputtered Films of platinum group 
metals, or of gold, silver, co})per and U'ad, may 
be produced by discharge from a catht)de of the 
metal in hydrogen at such a pressure that the 
“ dark apace ” just reaches the support on 
which the mirror is to be produe(‘d. 

(5) Evaporated Films.— By volatilising 
metals in a tungsten or other suitable elec¬ 
trically heated spiral in vacuo (04)01 mm. Hg and 
lower), films of very satisfactory reflecting cha- 
acteristics have been built up. Aluminium in 
particular has proved promising, though the 
producers of precious metal urge the claims of 
rhodium (M. Auwarter, J, Appl. i^hysics, 19.39, 
10, 705). 

(6) Heavier Metallic Films are produced on 
glass by spraying, e.g. with the 8choop gun, 
molten aluminium through a .stencil on to a hot 
glass surface. This is applied to toughened 
glass articles to produce luxating grilles on glass. 
B. Long (J. Hoc. Glass Tech. 1937, 21, 428) 
describes a panel of “ Securit ” glass 50 x 40 cm, 
with a Greek fret of 30 strips, 4.5 x 1 cm. con¬ 
suming approximately 500 watts to give a sur¬ 
face glass temperature of 130°C. Lower ratings 
are applied to glass blocks for flooring, a few 
watts per square decimeter being sufficient to 
give a temperature of 30—40°C. on the non- 
metallised glass surface. The adhesion of 
sprayed aluminium to glass is very marked, a 
force of more than 150 kg. being needed to 
separate teet-piec^s of glass 4x2x2 cm- joined 


end to end by a circular soldered region 1 sq. cm. 
in area. This metal is largely used to join 
together the two halves of which hollow glass 
building blocks are composed {see p. 595a). 

(7) Iridescent Glass, which in antique 
specimens is produced by surface decay, is 
obtained artificially by the a(dion of metallic 
vapours. After being made at the furnace and 
w'hile still red hot, therefore, the article is 
rotated rapidly inside an iron box or oven in 
which suitable metallic salts are volatilised. 
V^arious mixtures of salts are employed, such as : 
(1) stannous chloride 90 parts, strontium nitrate 
5, barium chloride 5; (2) stannous chloride 90 
parts, barium chloride 2, bismuth nitrate 5. 
The bright iridescent coating may be made matt 
by reheating several time's in the mouth of the 
furnace. The iridescence may he greatly varied, 
as in Tiffany glass, by treating coloured glasses 
or those w i^ h ]aitterns. Brilliant metallic effects 
may he obtained by adeling a silv'cr or a bismuth 
salt to th(‘ glass batch and reheating the objec), 
before iridising, in a reducing flame whereby a 
metallic surface deposit is ])roduced. 

AlO'rnatively a spray of FeCI., 2-5 g., 
SnCl2.350 g..‘Sr(N 03)2 I50g., HCr.5.000 ml. 
is made up on the sand bath, filtered through 
linen after standing, and is used in a Himj)le 
type of s])ray with air at 15 lb. per sq. in. to 
('oat the hot glassware in a small chamber 
ventilated to remove the poisonous metallic 
vapours (T. Hiroky, Hprechsaal, 1928, 61, 1004). 
If no gokl tone is net'ded, the iron salt is omitted. 

(8) Lustres of metals, in parti(‘nlar of the 
platinum group and gold, are made by dissolving 
the metallic salt in Ho-(*allcd sulphur balsam, 
prepared from sulphur, Venice turpentine and 
turpentine oil with or without rosin (colophony). 
In the case of bismuth salts, however, no sulphur 
is pc'rrnissible or black tones are prodiK’cd. 
The metallic “ resinates ” obtained are made 
up in essential oils, e.g. sassafras, lavender, 
rosemary, fennel, etc., and are applied mixed 
with asphalt sohition by spraying or painting. 
One nx'ipe for a fi% solution of liquid platinum 
specifies .500 g. Pt-containing resin, 250 rose¬ 
mary oil, 1.50 fennel oil, mix and add 14 g. 
rhodium solution, fi g. chromium solution, 70 g. 
bismuth solution and 10 g. colophony. Thin 
with asphalt and colophony solution in ratio 1:2 
if a 4% Pt solution is needed (F. Chemnitius, 
ibid. 1927, 60, 182, 226, 313). 

Staining is carried out by using either silver 
or copper compounds. B. W. Miiller is said to 
have been the first to use AgCI for silver stain¬ 
ing. The AgCI or AggO mixed with 5 times its 
weight of ochre is ground with turpentine (some¬ 
times dammar is also added) and is painted on 
the glass, which is then fired in a muffle furnace 
to 600-650°C. The removal of the residual 
ochre mixture loaves a yellow stain on the glass. 
Presence of oxides of iron and arsenic or anti¬ 
mony are said to favour colour development as 
does a smoky (reducing) atmosphere. Copper 
staining was developed by F. Egermann in 
Haida in 1832 (L. Springer, “Die Glasmalerei 
u. Aetzerei,” p, 79, 1923). Four parts CuO 
and three of ochre are ground together with 
vehicle and painted on the glass which, in the 
case of a glass pf compositipn SiOj 72, Fe^Og 
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and AI 2 O 3 O a, CaO 9, NagO 0-55, K^O 12 , 
is subjoctt’d to three brings, first in an oxidising 
atmosphere, whieh gives a blue gretm cttlour to 
the glass visible when the excess paste is waslied 
off. After cleaning, the glass is put through 
the second or reducing lire, carl)onac(‘ou 8 matter 
being set in the inufile which is lightly sealed. 
After cooling and removing most of the adherent 
carbon the glass is again heated and the black 
stain burnt out to leaver the red colour. 1 *. 
Gilard and L. Dubrul (J. Soo. Glass Tech. 1937, 
21, 238) state that the princi[)al glass com¬ 
ponents have a greater inHuence than in the ease 
of silver staining. J^otash glassc^s jin' better 
than soda ones, zinc and magnesium oxides 
ap[)ear to act as stabilis(‘rH and ASoOy, SnO, 
CaFo, FeO and C app(‘ar to be I'avourahle. 

E N A M El J J N a 1 *ROr E.S8 ES. 

(a) Dusting on Process. —A few drops of 
lithographic’ varnish are rolk’d out on a Hat plate 
by a roller sfpieegcc’ so that the latter become.s 
uniformly coated. 11 is then rolled ove r a rubber 
template bearing the design, and tin’ bottle or 
other article to be dec’orated is in turn rolled 
over this on guides so that an imprint of tlu* 
design in varnish is taken on the dt'sired place. 
Powdered enamel colcjur is then sprinkh’d on 
and the excess dusted off with a soft mop or pad 
of wool. The bottles then ])ass to the enamel¬ 
ling h’hr where the design is fused on to the glass. 

{h) The Transfer Process. - A (Icsign 
printed in ceramic colour is held betweem a film 
of cellulose material (“ Cellophane, ") and a- sheet 
of paper which is coated on the side next the 
design with a substance readily softened by, and 
soluble in. water. 3’he transfer is floated on 
warm water cellophane side up, the paper backing 
falls away in a few seconds, leaving the cellophane 
still floating with the design on the under surface. 
The bottle or other article to be decorated is 
carefully immersed in the water so that no air 
bubbles adhere to its surface, and is brought u}) 
below the transfe^r so that the latter, on gcmtly 
raising the bottle from the water, adheres to if 
in correct register and without any air bubbles 
included. After drying, the bottles are pa.ssed 
through an enamelling lehr or muffle. Alter¬ 
natively a design may b(^ transferred from an 
engraved plate by transfer paper using dry 
enamel powrler mixed with lithographic varnish, 
etc. 

(c) The Screen Process. —A stencil of the 
design is prepared either by cutting or by photo¬ 
graphic means, and is attatdied to the underside 
of a fine silk screen held in a frame. Ceramic 
colour is forced through the screen and stencil 
by means of a squeegee on to the ware, which is 
supported a little below screen so 

that the latter only makes contact as it is 
depressed by the squeegee thus giving a clean 
and not a smudged outline. It is claimed that a 
much heavier application of colour may be made 
by this process. 

Glass Painting is carried out by the various 
colouring oxides and compounds elsewhere 
described in this article. They are mixed with 
a suitable flux in which they may or may not 
dissolve. In the former ease, when applied to 


glass, the painting is transparent, unless specially 
rendered opaque as by the addition of stannic 
oxide, wdiilsi in the latter it i.s non-transparent. 
The Ilux for gold purple is obtaiiu’fi by melting 
a mixture of (jiiartz 4 [mrts, red lead 3, borax 
0 ; for other eolouis, a. Ilux made from (juartz 2 , 
red lead (i-9, boiax I, may be employed. The 
mixture of the colouring materials finely ground 
and thoroughly mixed may be used directly for 
painting, or it may first of all be sintered or 
fritted, and again fiiudy powdered. In either 
<'a.se the fine pow'dcr is thoroughly ground with 
tur[)entine or other oil as inediuiri, applied with 
a brush to the glass, and tlu’ latter then beateil 
in a muffle furnace to a temperature suffident 
(about H() 0 ‘'(A) for the tboiougli fusion of tJie 
flux and colour to a brilliant surface*. Slow 
cooling dow’u is tlicn desirable. The vitreous 
pfiinis so aj)plied sliould, for sucfcessful burning- 
in, have a coefficient of expansion not greatly 
differemt from that of the glass treated. 

Glass Beads and Artificial Gems.— Glass 
beads are made from jirevirmsly drawn tubing of 
varying dianuder and bore, and f)f various 
eoloiirs. The tubing is next cut into lengths 
suitubh^ for the size* of the bead. If the latter 
is to be eylindrieal. the beads may be rmidt’ at 
the lamp by rnendy softening the cut (mds to 
round off the edg(*s. For s])}ierieal beads, the 
ent l(‘ngths an^ kneadi’d in moist elay. fu* clay 
and ground ebareoal, to prevent collapse t)f the 
walls during siibse(|uent heating. Th(’ beating 
is earri(‘d out in a revolving drum, to redness, 
whereby the rounded shafX’ is given and the 
edges melt.(’d. .Alternatively a thread of glass 
from a rod softened by heat is W'ound around a 
steel wire (coated wdth a thin w'ash of refrac¬ 
tory clay) until a Ix'ud is built u]). This .and 
otliers similarly made arc drawn off the wdre 
when cold. In another ])roeesH hot ghiss rod is 
pinohed by tongs betw'(‘t‘n moulds to form various 
shapes, e.g. to simulate cut decoration. 

The thin-wallcd spherical beads are made 
by blowing thin bulbs and cither filling them 
with w'HX or coating them internally with 
“ essence of pearl,” consisting of ground fish 
scales in ammonium chloride. The second 
method produces the })earl beads. (For met}H)d 
of applying the ])c.ari coating, fiec O. Ihirkcrt, 
.Spreebsaal, 1919, 52. 23, J9I.) 

Artificial gems are made by adding suitable 
(’olouring material to a glass with high lead 
eontenc, and therefore of high relrac’tive index 
and hrillianec when cut. The colourless paste, 
or strass, may be made from sand 100 parts, 
red lead 150, potash 30, the materials being of 
high quality. The n^sulting glass may be ladled 
into water and subsequently re-melted to obtain 
honiogtmeity and then ground for admixture 
with the colouring agent. Euhies may be pre¬ 
pared from 1,000 atrass, I Purple of Cassius, 
5 stannous oxide, 10 antimony oxide; emeralds 
from 1 ,(K )0 atrass, 1 green chromium oxide, 8 
cupric oxide ; amethysts 1,000 atrass, 8 manganese 
dioxide, 2 cobalt oxide. The strass and colour¬ 
ing matter must be made homogeneous by fusion 
using small porcelain pots holding up to 50 lb. 
glass, {v. Gems, Imitation and Counterfeit.) 

Quartz Glass. —Whilst ordinary glasses are 
produced by the fusion of basic oxides with 
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silica and in some bases boric oxide, it must be 
borne in mind that the use of such basic oxides 
is primarily to permit fusion to take place at 
the, temperatures at j)re8ent eomniereially attaiji- 
ablo. Silica in itself possesses so many valuable 
properties that if it could he fused readily it 
would displace many types of glass. The high 
tem})erature of fusion restricts the scale on whic‘h 
melting c^an be carried out, but alrcad}'', silica 
ware has bec'ome a recognised article of com¬ 
merce, being worked into tubing, rod, beakers, 
hasks, crucibles and other types of scientific 
apparatus, ciuartz threads for galvanometric 
mirror suspensions, nitric acid stills, sul])huric 
acid condensation jdant and chimneys for in¬ 
candescent lanii)s. 

Two types ot fused silica ware arc^ on the 
market, the transparent, made from cjuartz, 
and the oparjue or translucent, produc^etl from 
sand or crushed quartz. The tranaparf'nt form | 
is worked in the oxy-hydrogen flame, and the 
size of the article ca})able of being made is 
restricted to small erueibles and dishes, and the 
smaller sizes of flasks, beakers and similar 
articles. The n<m-iranspar(>ni silica ear) now^ be 
worked in masses up to 200 lb., and tubes 4 in. 
or more in diameter form a stock article. The 
starting point for tubes is a hollow^ core of 
plastic silica produced by fusing a mass of 
white sand round a central core electrically 
heated, the core being removed when the 
cylinder has been formed and drawn into tubing 
in the ordinary way. In the plastic condition 
such a silica cylinder can he drawm into lengths 
of 90 or loo ft. The rough outer surface of the 
tube may be ground down or it may be glazed 
either electrically or by an oxy-hydrogen Hamc. 

For articles other than tubing, the cylinder 
is closed at one end and blown in a mould 
by compressed air. 

The temperature required for fusing and 
working the sand is 1,800-2,000'C. As only a 
plastic and not a completely fused <‘ondition is 
reached, the fine air bubbles are not removed, 
and reflection from them gives rise to the silky, 
lustrous appearance ( haracteristic of this type 
of fused Hili(‘a. {See F. Bottomlev, J.S.CM. 
1917, 36, 577.) 

In a process patented by H. P. Hood, M. E. 
Nordberg and Corning Glass Works (B.P. 
442526, 8.8.34) articles made from the glass 
SIO 2 75, NagO 5, BgOg 25, are maintained at 
525-?)50"'C. for periods of from a few hours to a 
few days until the glass separates into a silica 
rich phase and one containing practically all 
the alkali and boric oxide. Immersion in a bath 
of acid removes the latter, leaving a skeleton of 
substantially pure silica which after washing in 
running water is heated to give a high silica 
glass. There is a very large shrinkage in this 
last operation. 

Quartz glass has an extremely small coefficient 
of linear thermal expansion, namely, 5*2 x lO"®, 
and articles made from it can be heated to red¬ 
ness and quenched in cold water without fracture. 
Hence its value for heat-resisting glassware. 
Unfortunately, fused silica ware cannot be 
maintained for any considerable period at tem¬ 
peratures higher than 1,000®C. owing to its 
tendency to revert to the crystalline form stable 


at such temperature, namely, tridymite, w'hen 
the article is liable to break down. 

Fused silica is practically una(*t/ed on by water, 
and all acids except hydrofluoric ac-id, and phos¬ 
phoric acid above 40C)°(\ It is, accordingly, of 
very great value iu fu'ccise clu*mical analysis 
where water, neutral salt solutions and acids 
are alone concerned. Further, as a consequence 
of its resistance to solubility by water, and its 
n()n-hygrosco])ic character, fused silit^a is a very 
good electrical insulator. As an acid material 
itself, it is naturally attacked by the alkalis, 
and th(‘ use of silica (*riiciblcs is therefore much 
restricted since they cannot be used for fusion of 
metallic oxides. 

Transparent (juartz is transparent to ultra¬ 
violet light and on this account finds speeaal use 
ill the form of plates, lenses, and wedges or 
prisms in optical apparatus, anti in mercury 
vapour lamps. The retractive index lor the 
l)-line is 1-45847, and the^ dispersion constant 
y 67-92 (Gifford and Shenstone, Prex*. Ke)y. 8oe. 
1904, 73, 201). 

M. P. 
W. E. S. T. 

GLASS OF ANTIMONY {v. Vol. 1, 447^). 
GLASS OR GOLD FLUX {v. VoL 1, 

559d). 

GLASS, OPTICAL . The primary reepiire- 
ment of ()})tieal glass is that it shall be homo¬ 
geneous and iHotroj)ie. 

In the manufaeture^ of ordinary commercial 
glass the raw materials, sand, lirne'stone, etc., 
are mixtxl thoroughly together before they are 
inelteel, but no mixing other than that produetul 
by convection currents and diffusion is attempteel 
during founding. As a result, minor variations 
of refractive index due to small variations of 
composition are unavoidable, so that an object 
seen through a plane parallel-sided piecic of 
ordinary glass might be expec'ted to appear 
more or less distorted. In general, however, 
the methods of manufacture clause the dilferent 
portions of the glass to be spread in layers 
which lie substantially parallel to the surface, 
and when the glass is looked through normally 
this distribution largely or entirely masks the 
effects of variation of refractive index, l^nless 
the glass is accurately plane parallel also, the 
distortion produced by variations of thickness 
is of such comparatively large magnitude that 
effects due to variations of refractive index 
pass unnoticed. 

How large those effects could be is easily seen, 
however, by looking edgewise through a narrow' 
strip of plate glass which, when looked through 
in the ordinary way, produces no distortion. 
When viewed edgewise the glass can be seen 
to consist of an enormous number of layers, all 
differing slightly in refractive index, and nothing 
can be seen clearly througK- it if the strip is 
more than 1 or 2 in. wide. 

The uses to W'hich optical glass is put require 
that perfect image-formation shall be possible 
irrespective of the direction along which light 
passes through the glass. For thin lenses a 
striated or stratified glass, such as plate glass, 
may not be entirely unsatisfactory if the image¬ 
forming rays pass substantially normal to the 
surface and through only small areas, as in 
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Hpectacle lenses, i^'or wide-apertuns and -wide- 
angle lenses, however, the glass iist’id must be of 
uniform refractive index throughout if perfect 
images are to be obtained. In prisms, also, uni¬ 
formity of refractive index is essential, since 
the light rays pass in diff(*rent directions through 
different parts of the prisms and, not infre¬ 
quently, may pass successively in different 
directions through the same ]mrt of the 
glass. 

To obtain the nec'essai'v high degree of honio- 
g('neity, f)ptical ghiss is stirred mechanically after 
tht‘ ingredieuits have all been eomj>letely melttal. 
and this stirring is continued for a period of 
several hours as the glass cools, until the vis¬ 
cosity is so high that further mixing is virtually 
impossible. By stirring in this way not only are 
the original ingnslients distributed uniformly 
throughout the melt, but also any pot material 
dissolv(‘d by the glass during melting is distri¬ 
but'd and given (‘very possible opportunity of 
becoming uniformly disseminatiul. Aft<*r stir¬ 
ring, the glass is not gatlu'red, ladk'd, pourcal or 
worked in any way as in making ordinary glass 
articles or hat glass, but is allow(‘d to cool down 
in th(‘ [)ot at a rate which will caus(* tlu' glass to 
bn^ak into lum])s of convenient si/a‘s as it cools. 
Thes(' lumps are then reheated and mould(‘d 
into standard plates or into rough prism and lens 
forms, aft(u’ whicli they are aiuK'aled under con¬ 
ditions which minimise temjK'ratun': gradients 
in the glass during final (*ooling. 

The stirring a?id the practice of allowing the 
glass to cool undisturbed in the pot are the only 
CHS(‘ntial features distinguishing optical glass 
manufacture from the nu'thods of manufacture 
UH('d in making (‘ommercial glasses. It is true 
that, for most purposes, optical glass(*s should be 
colourless and highly transparent, and that f heir 
optical ])roperties are required to lie withiii close 
limits of some specified value. These objects 
are achieved by using ingrcdi(‘nts in which im¬ 
purities are not present in sufficient amount to 
[iroduce colour or to cause significiant changes of 
refractive index. The term “ Optical Olass ” 
must, however, be aceefited as including glass, 
whether coloured or not, which is rendered homo¬ 
geneous by stirring, as, for example, s]>e(‘ial 
neutral or coloured glasses such as are in¬ 
corporated in certain types of optical apparatus 
or as the high-quality ‘‘ haze-cutting” colour 


screens used in conjunction with wide-aperture 
phot(>gra])hie lenses. 

At one tinu‘ the needs of the optical-glass in¬ 
dustry could be reasonably satisfied by a com¬ 
paratively small number of types of optical glass, 
since achromatic lenses of comparatively small 
angle represented the limits to whi(L lens-design 
had developed, and sudi lenses (‘an be made up 
from almost any two glasses whidi differ suffi¬ 
ciently in refractive index. The need for special 
types of glasses came to be recognised when 
l(‘ns(‘s of high-aperture, particularly microscope 
lenses, came to bo designed. Faraday had made 
and studied the properties of a considerable 
number of glasses containing previously unused 
ingredients, such as barium oxide and boric 
anhydride or borates, and also containing the 
more usual ingredients such as lead oxide in 
unusually largo pro])ortionK, W. Vernon Har- 
court and »Iohn ll()j)kinson had also worked 
on similar lines, the latter in association with 
t'hance Brothers, between 1872 and 1877. 
Their work had, however, aroused little out¬ 
side int<‘r(‘st, and in the absence of any demand, 
thest^ sj>ecial glassi's had not been manufactured 
in any (piantity. The commercial develop¬ 
ment of glasses of s])ecial types was eventually 
undertaken by Schott, who, at the instigation 
of Abh(‘, d(‘vised and bc'gan to produce (*om- 
m(‘rcially a number of glasses having the par- 
ticidar ])roperties which Abbe found would be 
of assisiaiu'e in the j)roduction of microscope 
objectives of high nunu'rical aperture. 

The numher of fy})es of optical glass eventually 
intro(luc(‘d was of the order of 7.7-100, though 
several of these w'er(‘ unsuitable on grounds of 
insufficient durability, and have since gone out 
of use. It has also IxH'u shoAvn that, -wuth im¬ 
proved nuthods of lens computation, a propor¬ 
tion of the remaining types could also be dis¬ 
pensed with, if necessary. 

Optical glasses are classified broadly into 
(‘rowns and flints aeeording to the value of the 
re(‘iproeal of their dispersive powt'rs for the 
range ol’ 8[)eetrum between the C and F lines, 

This quantity is usually referred to as the v- 
value, but is commonly printed as the V-value. 


Optical Glasses. 


Type. 

SiOg 

B2O3 

AI2O3 

PbO 

CaO 

ZnO 

BaO 

Na20 

K2O 

F2 

P2O5 

MgO 

Optical 

constants. 

V. Hjy 

Phosjjhate crown 


30 

10-0 






12-0 


70*5 

40 

7(H) 

1516 

Fluor crown . 

53*3 

l(h2 

8-8 






16-2 

5-3 



67*2 

T471 

Borosilicate crown . 

70-4 

7-7 



2-0 



7-3 

14-5 




63*4 

1-710 

Hard crown . 

74-H 




50 



9-0 

11-0 




60-2 

1-501 

Medium barium erowui 

59-5 

30 




7-0 

19*2 

3-0 

JO-0 




79‘(> 

1-541 

Dense barium crown. 

397 

()-7 

2-7 



90 

420 






76*7 

1-(U0 

Light barium flint . 

r>I-7 



100 


7-0 

20-0 

1-5 

9-7 




,70-4 

1-772 

Extra light flint . 

62-7 



23*9 




4-7 1 

8-3 




46*9 

1-741 

Light flint 

.73-3 

0-8 


33-7 




40 1 

8-0 j 




41() 

1 -580 

Dense flint . 

461 



47-1 




1*7 i 

()-8! 




3(>‘6 

1-616 

Extra dense flint 

34-7 



61 0 




l-oi 

2-7 




29-7 

1-717 

Double extra dense flint 

21 0 



790 









20-9 

1-923 
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The distinction between crowns and dints is an is associated with a low v-valiie. In glasses con- 
arbitrary one, glaHH(\s having c-vabn^s <>i' 55 and taining a notable proportion of barium, however, 
upwards being classcfl as crowns, while a glass high refractive indices are assoc'iated with 
with a r-value lower than 55 is classed as a dint, relatively low dispersive powers, a property 
In plain soda-lirne and lead glasses the dis- w^hich renders the barium glasses of particular 
persive power increases in a fairly regular manner importance to the optical designer, 
w^ith the mean refractive index (or the refractive Sonu‘ idea of the range of compositions used 
index for the I) linos), Ln. a high refractive index in optical glass manufacture can be obtained 

-•— V value 



1 aa «-84 1 82 1-80 1 78 1 76 1 74 1 72 1 70 1 68 1 60 1 64 1 62 1 60 1 58 1-66 1 64 1 62 1 60 1 48 1-48 1 44 1 42 1 40 I 38 


— log V 

from the table, which gives ajiproximate values be convenient to deal also with the non-brittle 
of the principal oxide contents of glasses belong- and flexible transparent plasties now available, 
ing to the main type-groups. The full range of whit h can be used in place of glass, 
optical properties is indicated in the dgure by Reinforced Glass (Wired Glass). —Wired 
the initial letters of the glasses. For the gla.ss is the only truly reinforced ” glass. It is 
majority of the glasses the points representing simjily a sandwich made by feeding a strip of 
the optical properties lie reasonably close to a hexagon-mesh or square-mesh wire netting 
smooth curve, but for glasses containing barium between tw'o layers of glass as the glass passes 
the corresponding points lie above this curve, through the rolling machine, the whole being 
by amounts which increase as the proportion of finally rolled so as to weld the two layers of glass 
barium in the glass increases together with the wire between them. 

H. M. The advantage of wired glass over ordinary 
GLASS, REINFORCED, TOUGH- glass is not that it offers any greater resistance 
ENED AND SAFETY. Brittleness has to cracking under flexure or impact, but that 
militated against the use of glass in many appli- when it is eraeked or even shattered the pieces 
cations for which, otherwise, it would be the are strongly held together by the embedded wire, 
ideal material. This disadvantage must be The risks of damage due to falling glass or to 
accepted, however, along with any associat'd flying splinters are thus very greatly reduced 
risks, in circumstances where translucency or by the use of wired glass in place of ordinary 
transparency combined with screening against glass, particularly in roof-glazing or under con- 
weather or other disturbance arc essential and clitions in wdiich there is risk of the glass being 
the object of any reinforcement, toughening pro- exposed to severe blows or to blast-waves from 
oem or lamination is to reduce these risks to a explosions. 

minimum. Toughened Glass. —Rupture of glass, as of 

In considering the glasses 8f)eeially made or all other materials, occurs only when some part 
specially treated to minimise these risks it will is put into excessive tension. Glass is much 
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weaker in its surface layers than in its interior 
layers, consequently any process which will 
increase the effective tensile strength of the 
surface layers will also render the glass less 
liable to break under impact or und(‘r steady 
loads. 

Toughening consists in heating glass to a 
temperature just high enough to cause incipient 
softening, then chilling the glass rapidly. The 
surface layers thus become rigitl while the interior 
is still slightly soft, and tlie glass <*oo1h inuhn* 
conditions which maintain a {‘onsiderable ditter- 
ence of temperature between the interior and 
the surface layers until the whole (»f the glass 
has cooled well below' the softening point. 

Glass “ toughened ” in this way is in a state 
of severe strain ; the surface layers and layers 
lying (;iose to the surfaces are in (‘onsiderable 
compression, and this system of compressions 
is balanced by tensile strains distribiiteil through 
the more central layiTS, the maximum tension 
occurring in the middles of the glass. When such 
glass is deformed by flexure or impact no part 
of the surface can be put into true tension imtil 
it has bt^en stret(‘hed by an amount sufticient 
to neutralise the compressioTJ strains in the sur¬ 
face layers. Toughened glass is thus stronger 
than glass which has been annealed in the usual 
way, since it will withstand much greater defor¬ 
mation and corresj)ondingly larger mechanical 
forces without fracture. 

J'oughened glass of ordinary composition w ill 
also W'ithstaml the strains set up by thermal 
gradients or thermal shocks which would caus(' 
rupture if the glass were aniuialed, and in this 
respect it rivals the sj)ecial low-expansion or 
heat-i’esisting glasses. The heat-resisting })ro- 
perties of low-expansion glasses can, of course, 
be increased by toughening, and this has been 
applied to the production of certain types of 
glass cooking-ware which can be used directly 
over the flame of an ordinary cooking-stove. 

Safety Glasses. —The property recpiired of 
“ safety glasses ” for land-transport vehicles 
is that “ when broken they shall not fly into 
fragments capable of causing severe cuts,” For 
particular purposes, also, pr.)te(’tiv(‘ glasses may 
be required to provide! clear visitm combined 
with protection as, for examj)le, in observing 
proeesses wdiich involve danger of explosion or, 
in certain cases, to provitle protection against 
bullets. These glasses include toughened and 
laminated glasses, and also transparent plastics 
commonly described as “ organic ” glasses. 

(a) l^oughened Safety (Hass .—The “ safety ” 
properties of toughened glass are attributable 
primarily to the fact that glass which is 
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toughened to the proper degree disintegrates 
into small fragments when broken, no fragment 
being large emmgh to cause more than a com¬ 
paratively light scratch. The strength of 
toughened glass as ••om]>ared with ordinary glass 
is ail a<lded advantage from the ” safety ” point 
of view, since it rcduci's risk of fracture ; it is, 
however, regarded as of secondary importance 
(‘ompared with the fine fragmentation which 
occurs if the glass should he broken. 

(h) Laminated Safety (Hass .—Ordinary lami- 
nat(‘d glass consists of two sheets of glass 
strongly bonded together by means of a flexible 
transparent intiTlayer. When such an assembly 
is broken by a heavy hlow^ both the gJasst's may 
b<‘ shattereil, hut if the interlayer is tough and 
the ailhesion satisfactoiy, risk of injury due to 
flying glass splinters is avoided. 

Laminated screens affording a very high mea¬ 
sure of protection may be liuilt up of several 
layers of glass of suitable thicknesses alter¬ 
nating with and fiondcd together by flexible 
transjiareiit mateiials. A bullet-proof assembly 
can, for example, be built up in this w'ay, the 
total thickness m'cessary being not more than 
2j-2J in. For ('ortain pui jioses, also, toughened 
plates of glass may be bonded together with 
flexible transparent inUu layers. 

Jnt(*rlaycr mateiials used are of various types, 
tJie more usual ones at tla^ present time being 
cellulose nitrati' and cellulose acetate. The 
polyvinyl acetate rc'sinsin sheet form are, how'- 
ever, coming increasingly into use and are 
partii'ularly suitable on account of their high 
adhesive proj)crtit‘s ami th(*ir great (‘xtensibility 
or ” toughness." (c. Vol. 1, 90r). 

(c) Organic Safety (Hasses.- Flexible trans¬ 
parent organic materials in sheet form are used 
as “ safety glasses " in place of glass screens or 
windows, where lightness, rigidity and non- 
splintiTing properties are all essential. Tlie 
cellulose (‘sters w ere the earliest organic materials 
which could be used in tliia way, but more siiit- 
abh‘ organic prodiu ts arc now' avaihibic among 
the acrylii’ resins, ami the polystyrenes. 

By comparison with glass tluise materials are 
at a eomim‘rcial disadvantage as regards cost. 
They are also much softer than glass and, in 
conse({ucncc, arc more liable to seratehing and 
other surfai'e damage. Their lightness and 
toughness make them specially suitable, how¬ 
ever, for use as windshields, cockpit covers, 
saloon windows and other transparent fittings 
in civil and military aircraft, and the organic 
safety glasses have (onie into considerable use 
in these and similar apjilieations. 

H. M. 


END OF THE FIFTH VOUJME. 


ADDENDUM, 

Food Pbeskevatives. —Since this article was written the Ministry of Food has permitted the 
use of Boric Acid to a limited extent. 8. R. & O. 1940, Nos. 547, 982, 
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